ABSTRACT

17 (9) 2023: 263-267 * RESEARCH ARTICLE

The effect of target volumes on the essential treatment plan
parameter and prescription dose for the patients with vestibular

schwannoma

Nadiya Y Mohammed

Department Physiology, College of Medicine, Baghdad University, Baghdad, Iraq

Background: Gamma Knife Radiosurgery (GKRS) is confirmed lately to have
a feasible tumor dominance and is much more probable to exclude the cranial
neuropathies as the result of open surgery. This study is aimed to investigate
the effect of the target volume on the assessment of the essential plan
parameters including (Conformality index, Selectivity, Coverage, and Gradient
Index (GIn), which are followed in (GKRS) treatment for patients with vestibular
schwannoma.

Methods: The Target Volume (TV) was identified for each treatment plan and
involved 50 patients who underwent Stereotactic Radiosurgery (SRS) treatment
for vestibular schwannoma. The assessment parameters were determined to
calculate: Coverage (Cov), Selectivity (Slec), Gradient Index (Gl), and Paddick
Conformance Index (PCI).

Result: In this study, the volumes were separated into two groups: group 1 had
an average size of 2.20 + 1.28, while Group 2 had an average size of 9.17 +
3.95. The mean values of measurements in the two groups were as follows:
Cov=0.94 and 0.93, Slec=0.69 and 0.78, GI=2.8 and 2.55, PCI=0.65 and 0.73,
and time =19.6 seconds and 34.4 seconds. The dosage distribution was the
same for both treatment and reference programs.

Conclusion: This study demonstrated that the target volume can affect the
essential plan parameters specifically during the evaluation of dose distribution
in a treatment plan for vestibular showanoma.

Key words: target Volume (TV), Coverage (Cov), Selectivity (Slec), Gradient
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INTRODUCTION

The LGK is a non-invasive radiosurgery equipment that is used to
treat brain tumors, AVMs, and other neurological problems. Lars
Leksell, a Swedish neurosurgeon, invented it and initially used it

in the 1960s [1].

The Gamma Knife is different from traditional surgery in that it
uses precise beams of gamma radiation oriented to the target and
treated specific areas in the brain instead of incisions or invasive
procedures. The treatment is carried out in a single session, and
the radiation beams converge at the target location, delivering a
high dose of radiation with minimizing exposure to surrounding
healthy tissue [2]. It's interesting to consider that the Gamma
Knife is a powerful tool for certain brain conditions, and it may
be considered not suitable for all patients or conditions [3].

The treatment planning process creates a detailed three-
dimensional map of the tumor and surrounding structures
[4]. This allows the medical team to calculate the appropriate
radiation dose and develop a therapeutic strategy that provides
a high dose of radiation to the tumor while little to surrounding
sensitive areas including the brainstem and cranial nerves [5, 6].

During the procedure, the patient's head is immobilized using a
headframe or a custom-made mask, to ensure accurate targeting.
Before treatment, imaging tests such as MRI or CT scans are
performed to precisely locate and map the tumor's position and
size [7, 8].

For vestibular schwannomas (also known as auditory neuromas),
stereotactic radiation, including the use of the Gamma Knife, can
be a viable therapeutic option [6].

GKRS is a well-established treatment option for vestibular
schwannomas, especially for targets who may not be removed by
surgery due to various factors such as tumor size, patient age, or

overall health [9].

The decision should be determined by the neurosurgeon in
considering the GKRS as a treatment procedure taking into
account the clinical situation, the mass effect, and tumor size.
Mostly, the tumor size which is less than 3 cm were treated with
GKRS[10, 11].

Regardless of the obtained data from GKRS treatment regarding
the radiographic clinical parameters, there was no evidence study
to ensure the correlation between the target volume and the
essential treatment plan parameters. This study is established to
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indicate, the relation between target volumes of VSs and their
effect on the assessment plan indexes including Conformality
index, Selectivity, Coverage, and Gradient index (GIn), (which
are followed in (GKRS) treatment for patients with vestibular
showanoma)[12, 13].

MATERIALS AND METHODS

The study was conducted over six months at both the Dr. Saad
Al-Witry Hospital for Neurosciences (from September 2022 to
January 2023). This study included 50 patients diagnosed with
VSs by an oncologist or a neurosurgeon. All patients underwent
GKRS treatment at Dr. Saad Alwitry Neuroscience Hospital.

Exclusion criteria included

e Pregnant patients

e DPatients with very diameters than 3

cm meningiomas.

large great

Stereotactic radiosurgery

The LGK icon system was used to treat the patients. The
Evaluation plan metrics included in the study were as follows
prescription dose, Covarge (cov), selectivity (slec), Gradient Index
(GI), Paddick Conformity Index (PCI), and beam on time.

Volumes and doses were known with the use of Dose-Volume
Histograms (DVH). The following were used to calculate the
Covslec, GL, and PCI [14].

Ve’

TV.PIV
Dosing to organ at risk

Clpaddick = (5)

The Organs-At-Risk (ORS) included the brainstem and/or
the optic nerve, depending on the location of the vestibular
schwannoma. The whole essential anatomy was contoured for
tumors around the optic nerve. The brainstem was contoured 1 cm
cranial to and 1 cm caudal to the tumor level for malignancies near
the brainstem. Among the dosimetric measurements recorded
were the maximum dose to the optic nerve, the volume of the
optic nerve receiving 8 Gy, the maximum dose to the Brain Stem
(BS,,,), and the volume of the brainstem receiving 12 Gy [15, 16].

Statistical methods

The study employed univariate logistic regression analysis. To
study the connection between base plan parameter data and
various CVA target volumes. The target volumes in the study were
separated into two groups in the analysis, the first with sizes less
than 4 cm and the second with sizes larger than 4 cm. The critical
plan parameters were determined for each group and compared to
the tumor's goal volume.

RESULT AND DISCUSSION

During the scientific investigation period, 50 patients with
vestibular schwannoma were treated with GKRS. Tables 1 and
2 indicate patient and therapy characteristics, respectively. The
median age at the time of therapy was 47 years + 8.7 years.

c Volume(PIV &TV) 0
overage = TV 1 The results revealed the statistical analysis of different parameters
between Group 1 and Group 2. The p-values indicate whether
Sele ctivity = Volumerv s 1v) @) there is a statistically significant difference between the two groups
PIV for each parameter:
GradientIndex = PIV 25% (3) o Selectivity: The parameter showed a significant difference
between Group 1 and Group 2, with a p-value of 0.0430.
or e Coverage: The p-value is recorded as 0.4961, this implied
GradientIndex = PIV s0% (1) that there was no statistically significant difference between
PIV 100%
Tab 1. Patient characteristics  pata Number of patients Mean + SD Max Min
Age 50 47+87 13 66
Groupl >4cm? 25 2204128 3.911 0.079
Target volume
Group2 <4cm? 25 9.17+3.95 20.97 411
Tab 2. Tumor and treatment characteristics Parameter Group 1 Group2 p-value
Selectivity 0.69 0.78 0.0430*
Covarage 0.94 0.93 0.4961*
Gradint index 2.8 2.55 0.0480*
Time 19.66 34.41 0.0000*
Paddick conformity index 0.65 0.73 0.0553

* Significant Difference at p—value < 0.05 level.



Groups 1 and 2.

e  Gradient index: The p-value was recorded as 0.0480. This
indicated a significant difference between Group 1 and
Group 2.

e Time: The p-value was predicted a value of 0.0, which was
shown a highly significant difference between Group 1 and
Group 2.

e DPaddick Conformity Index (PCI): The p-value yielded
0.0553. This was implified that there was no significant
difference between Group 1 and Group 2, although the

difference is close to being statistically significant.

Selectivity (Slec), defined as the proportion of Prescribed Isodose
Volume (PIV) inside (TV), can be determined using the inverse
of the conformance index multiplied by coverage or given by the
program Gamma Plan. The lower and higher selectivity values
were 0.20 and 0.84, respectively, found in the group 1 plan
assessed in this study, while groub2 were recorded between 0.50
and 0.91. Taking this range into account, Figure 1 shows the
selectivity (Slec) index as a function of the target volume.

Selectivity (S)

The acquired results in Figure 1 were compared between the two
groups. When the goal volume value increased, the selectivity
value increased as well. Some plans had very poor selectivity, and
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when these plans are evaluated, it is discovered that these low
values are attributable to isodose prescriptions that are less than 50%.

Gamma Plan coverage (Cov) is smaller and bigger coverage values
for group 1 plans tested in this study were 0.73 and 0.99, while for
group 2 they were 0.86 and 0.99. With this range in mind, Figure
2 displays the coverage (Cov) as a function of the target volume.

The Gradient Index (GI) was defined as the volume encompassed
by half of the prescribed dosage divided by the volume covered
by the doctor's suggested dose. For all designs examined in this
study, the gradient index values for group 1 and group 2 were 2.49
& 4.3 respectively. Figure 3 represents the gradient index (GI)
differential for two groups of the target volume within this range.

Gradient Index (Gl)

The information received was in Figure 3, the findings were
compared between two groups. It is clear that the bigger the target
volume value, the less than or equal to 3 the value of the Gradient
Index, which is used to measure the quality of a radiosurgery plan
using gamma Knife® equipment. It is also clear that on a plane, the
gradient index has a large value. When this technique is tested, it
is revealed that greater GI values are connected with prescription
doses that are less than 50% of the isodose center.

Our findings confirm those of Donya and his team, who found
that GI and selectivity were essential in making predictions,

Fig. 1. Different in selectivity between two groups

Fig. 2. Different coverage between two groups

Fig 3. Different in Gl between two groups
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Fig 4. Different in Paddick conformity index between two groups

Fig 5. Different of the beam on time between two groups

followed by the Paddick conformity index [17].
Paddick Conformity Index (PCI): As with the selectivity

study, certain plans had a very low conformity index, and
examining these plans revealed that these low values were
attributable to isodose prescriptions that are less than 50% of
the isodose center (Figure 4).

The values obtained by considering the beam on time are displayed
in Figure 5. It was clear that the value of the beam on time grew
dramatically with group 2 (as the goal volume increased), where
the treatment time increased as the goal volume increased. The
findings of this study on CVA volume were consistent with those
of Lomax and his colleagues who reported that for target volumes

of 1 cm’ a small increase in the volume treated to the
prescribed dosage (even by 1 mm) is associated with a
statistically significant increase in the total amount treated.

CONCLUSION

A large volume generally outperforms a small target volume in
terms of selectivity, while a small volume has a higher gradient
index. Additionally, a large volume takes longer to achieve the
measured parameter compared to asmall volume. The coverage and
Paddick conformity index do not exhibit significant differences
between the two groups, although the latter is marginally close to
significance.
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