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AB
ST

RA
CT High conformity and steep dosage gradient from the target's perimeter to 

healthy tissue are characteristics of SRS.  Clinical trials have proven the 
relevance of these parameters by showing simple symptom issues. The danger 
of clinical radio toxicity rises over a particular amount of exposure. Therefore, 
radio surgical treatment protocols should restrict exposure to healthy tissue 
while optimizing dosage to the target volume. Numerous measures have been 
developed to evaluate the effectiveness of radio surgical strategy; however, 
they are all flawed. A fresh measure, the efficiency index (50%), based on the 
notion of calculating integral dosages, and is offered to address the constraints 
of the already used metrics.
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Methods: we calculate the efficiency index value (ƞ50%) by Divide the integral 
dose (mean dose X volume) for the Treatment Area (TV) by the integral dose for 
50% of the isodose volume (PIV50%). The distinct Dose-Volume Histograms 
(DVHs) for the TV and PIV50% may be utilized to get the efficiency index value.

The result of the efficiency index ƞ50% value is the fraction of energy that is 
delivered successfully into the target within the PIV50%. Theoretically, this 
value is 0 to 1, with 1 being the ideal value.

Results:  The value of ƞ50% for the 30 clinical SRS plans ranged from 43% 
to 84% with a mean value of 64%. This study also showed that the strong 
relationship between the efficiency index and essential parameters for 
evaluating the treatment plan in the treat of arteriovenous malformations.
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INTRODUCTION

The energy spreads from a radiative source to another medium 
is the definition of radiation. The phrase "electromagnetic 
radiation" or "electromagnetic spectrum" refers to the many types 
of radiation emitting from atoms, such as visible light, x-rays, etc., 
and electromagnetic radiation may be further subdivided into 
ionizing and non-ionizing radiation. Atoms may be stripped of 
their electrons by ionizing (high-energy) radiation. Radiation 
that is electromagnetic representing by X ray photons and Gamma 
ray photons we can use in radiotherapy [1,2].

When intracranial lesions are treated by stereotactic radiosurgery 
SRS, a high dosage of radiation is delivered in the form of small 
portions. The target is often quite tiny, and it is frequently 
surrounded by healthy brain tissue, which is essentially considered 
Organs at Risk (OAR) [3]. In SRS treatment of the target, it is 
vital to accomplish a sharp dose drop to reducing the negative 
impact of radiation on the normal tissue. It is abundantly evident 
from the available data that there is limitation in doses at which 
there is an increase in the chance of developing signs of radiation 
necrosis in proportion to the amount of normal tissue that has 
been irradiated [4,5]. 

Consequence, the treatment strategies of SRS tend toward 
decreasing the dosage delivered to the tissues that surround the 
target area while simultaneously working to boost the dose to the 
desired level. many different criteria were suggested to evaluate 
the quality of radiosurgery plans; however, each one has its own 
set of limitations.

AVMs are congenital vascular abnormalities that are characterized 
by anomalous connections between arteries and veins that lead to 
arteriovenous shunting through a network of coiled and tortuous 
vessels, the so-called nidus, in the absence of a normal intervening 
capillary bed. These anomalous connections are the cause of 
AVMs [6]. Brain AVMs' prevalence ranges between 15 and 18 per 
100 000 persons. In cases of ruptured, superficially located AVMs 
with superficial drainage, the annual haemorrhage risk of patients 
with brain AVMs may be as low as 0.9% per year. However, in 
patients with previously ruptured, deeply seated brain AVMs 
with deep venous drainage, the annual haemorrhage risk may be 
as high as 34% per year [7,8].

In order to compute the integrated dose to the interest volumes 
of arteriovenous malformation AVM, a new plan treatment was 
developed using the efficiency index, known as ƞ50%.
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The conventional definition of efficiency is the ratio of usable 
output energy to total energy input used by a system. "Energy 
input" is understood to refer to the amount of radiation that is 
transferred to the target volume when the concept of performance 
is applied to the requirements of a stereotactic treatment plan.

Under the premise that tissues have the same density as water, 
it is possible to compute the quantity of energy in mill joules 
by multiplying the mean dose by the volume. Evidence implies 
that smaller isodose volumes may be ignored in terms of the 
total energy spent, since they are clinically useless for predicting 
symptomatic radio necrosis. 

This would allow for a decrease in the total quantity of energy 
used. Therefore, it is reasonable to choose a lower threshold value 
for evaluating the efficacy of a treatment strategy. 

This study aims to calculate the Efficiency index and evaluate its 
role in routine plan evaluation of the SRS process compared to 
some metrics already followed in AVM treatment plans.

MATERIAL AND METHOD

The efficiency index (ƞ50%) is offered to solve the 
limitations of previously used indices. This innovative 
metric is based on the ideas that have been described 
above. The index is determined by the ratio of the 
total integral (int) dose of TV to the total int dose of 
PIV50 %:

where Dmin is the minimal dosage, Dmax is the 
maximal dose, TV is the treatment volume, and 
PIV50% is the volume filled by 50% of the prescribed 
dose [9].
Calculating the Int dose of the TV as well as the Int dose of the 
PIV50% is required in order to arrive at the h50% value for a 
treatment plan with a single target. Multiplying the volume of the 
structure by the average dose that is delivered to the structure is 
the simplest way to calculate this value.

Int Dose TV = Mean Dose TV × Volume TV

Most Treatment Planning System’s (TPSs) have the option of 
converting an isodose line volume to a structure, which facilitates 
the calculation of integral dose and ƞ50% as shown in Figure 1. 

When this isn't an option (like in Leksell Gamma Plan or Elekta), 
the efficiency index can be calculated by getting two different 
DVHs from the treatment planning systems one for the target and 
another for a structure or region that contains the isodose line of 

the chosen defined threshold (PIV 50%) as show in Figure 2.

The efficiency index can then be compared between these two 
DVHs to determine the overall effectiveness of the therapy. Each 
differential DVH is exported in a format that can be read by a 
computer and then used to calculate the area under the curve while 
adhering to the constraints outlined in equation 1. The numerator 
is the area that was determined to be under the DVH curve of the 
TV structure, and the denominator is the area that was calculated 
to be under the DVH curve of the PIV50% structure. The ratio 
of the amount of energy that was deposited inside the target to 
the total amount of energy that was delivered within PIV50% is 
the value that is produced by equation 1. The theoretical upper 
and lower bounds for this value are 0 and 1, with 1 being a perfect 
score.

RESULTS

The h50% value for the 30 clinical SRS plans ranged from 43% 
to 84% with a mean value of 63%. The results are plotted against 
the GI in Figure 3, GI in Figure 4 and coverage in Figure 5 lower. 
h50% Scores below 52% (43%-51%) were seen only in lower levels 
of selectivity below 60% and same time the value of gradient index 

Fig 1. Measurement window shows Int dose for Tv

Fig 2. Dose-volume histogram for PIV

Fig 3. Efficiency index values (ƞ50%) for the 30 single-target plans in relation to the 
selectivity.

Fig 4. Efficiency index values (ƞ50%) for the 30 single-target plans relation to the 
gradient index (GI).
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weak inverse effect on the efficiency values.

The efficiency index rises when the dosage gradient outside 
the target becomes steeper since this causes the value of the 
denominator to fall. In addition to this, the efficiency index 
increases when there are improvements in selectivity, which results 
in an increase in the numerator value Int dose TV and a decrease 
in the denominator value Int dose PIV50%.

CONCLUSION

Dosimetry in radiosurgery has always been about giving the 
highest possible dose of radiation to the area of interest while 
giving less radiation to healthy tissue around it. This paradigm is 
what makes it possible for SRS to have such good results. The new 
efficiency index, called h50%, shows the ratio of usable energy 
to total energy in a way that makes sense. When the total energy 
was compared to the useful energy, this ratio was found. It is a 
volumetric method that takes into account different dose levels 
and is more detailed than the tools we have now for judging the 
quality of a radio surgical plan. This index gives a single number 
that takes into account both the mean dose and how well the dose 
is spread out across the target. When there is a middle ground 
between these values, the proposed index works best. It also 
encourages the internal escalation of the dose to the target and 
its adaptations. Lastly, the indices that were found in this study 
may be useful for different types of ablative therapies, such as laser 
interstitial thermal therapy and high-intensity focused ultrasound.
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was great than 3 were achieved. The h50% Scores above 51% 
(57%-84%) were seen in plans with higher levels of selectivity and 
lower level of gradient index although the high scores of h50% 
were achieved in plans with lower value of coverage.

DISCUSSION

The efficiency indicator that has been provided is an innovative 
technique to evaluate the quality of the plan, as it favours the 
internal escalation of the dose to the target. The most popular 
metrics specify different levels of selectivity, coverage, and 
gradation.

Due to contradiction between gradient and selectivity. The doctor 
will assess the dangers, decide which of the two parameters is more 
important, and then select a suitable peripheral dose, for instance, 
great gradient can be attained at the expense of low selectivity, or 
vice versa. Because the suggested ƞ50% combines gradation and 
concordance into a single number, the ƞ50% has the potential to 
play a part in quality assessments of plans. This is due to the fact 
that it integrates the two concepts. In addition to this, it utilizes 
an internal dosage gradient as a criterion for optimization, which 
is intended to assist in raising the Tumour Control Probability 
(TCP), while simultaneously lowering the Normal Tissue 
Complication Probability (NTCP) [10].

In this paper the efficiency index value for the 30 clinical SRS 
plans ranged from 43% to 84%, with a mean value of 64%. Where 
there is an inverse relationship between efficiency and gradation, 
we found that increasing the selectivity index led to an increase 
in the efficiency index at a time when the gradient values were 
at their lowest, whereas increasing the amount of coverage had a 

Fig 5. Efficiency index values (ƞ50%) for the 30 single-target plans in relation to the 
coverage.
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