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Abstract: The background of this study is to evaluate 3D dose distribution in organs at risk (OARs). The 

sample of the study consists of 300 patients; with age-range mean and standard deviation (35 ± 2.32 

respectively). The CT simulator was used to collect data to delineate pituitary adenoma including growth target 

volume (GTV) and planning target volume (PTV 95%) as an isodose line for treatment protocol in order to 

obtain dose distribution of 3D dose coverage to the target while sparing organs at risks. The main results of this 

study were, 3D dose distribution is safe, because it confines the dose to gross target volume only, while sparing 

escalating dose to the organ at risks (OARs), the average dose reaching the organs at risks during the pituitary 

adenoma to the adjacent critical organs are such as: in temporal lobe is 1.14 Gy, in eye is 0.86 Gy, and in optic 

chiasm is 0.95 Gy. Therefore, it is concluded that the 3D dose distribution in pituitary adenoma treatment 

reduces an unnecessary radiation to critical organs. Thus, new technique needs to be developed to halt an 

unnecessary dose reaching organs at risks during treatment. 

Keywords: radiation therapy 3D technique, pituitary adenoma, organ at risks, gross tumour target, planning 
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I. Introduction 
The pituitary gland is the maestro gland of the body system and it controls the activities of other glands 

in the body, situated in sella turcica, and it is related to the critical organs of the brain such as: optic chiasma, 

temporal lobe, and eye. This paper will evaluate the advantages of three dimensional techniques in pituitary 

adenoma treatment. The three dimensions (3D) technique represents length, width, and height, any three 

directions are not all lie in the same plane (
1)

 .The main objective of this study; is to provide highest probability 

of cure with the least radiation to normal tissues. However, three-dimensional 3D planning allows for accurate 

dose calculations to irregular shapes 
(2)

. 

In a retrospective study, three dimension (3D) techniques improve patient localization methods in two 

ways: (1) increase tumor local control and (2) diminishes in side effects and toxicities 
(3)

. Moreover, the 

improvement in tumor control lies within the ability to increase the tumor dose, either by more accurately 

delivering 100% of the dose to the tumor or through dose-escalation 
(4)

. On the other hand, the entire content of 

the sella and cavernous sinus are included in the CTV.  Thus, a CTV expansion of 0.5 cm, i.e., 1.0 to 1.5-cm 

margin to determine the PTV; the margins of7 mm can provide dose distribution with minimal dose to 

surrounding tissues (the eyes, optic nerves, optic chiasm, and temporal lobes) 
(5)

 . The concept of the planning 

organ at risk volume (PRV), in which a margin is added around the organ to compensate for that organ‟s spatial 

uncertainties. Therefore, 3Dtechnique increases demands on the radiation oncology physicist to insure adequate 

quality assurance measures for precision in tumor imaging, patient setup reproducibility, organ motion 

assessment, and treatment-delivery verification. This study will highlight the features of some of the common 

sites and how new technologies are likely to be used in the future over radiotherapy centers 
(6)

. 

 

II.  Methods And Materials 
The CT simulator was used to radiograph patients of pituitary adenoma after properly positioning on an 

immobilization device for 3D plans inside the tumour structure to delineate the gross target volume (GTV).  The 

size of sample population is about 300 patients of pituitary adenoma, because the planning target volume (PTV) 

to organs at risk (OAR) limits the ability of three-dimensional 3D application to deliver a prescribed dose to 

PTV while sparing OAR 
(7)

. The target volume is covered by the 95% isodose; to obtain possible minimum 

doses to critical organs without compromising the PTV coverage of at least 95% dose to 95% of PTV volume 
(8)

.The Conventional CRT is used to give the total dose of 45 to 50 Gy at 1.8 Gy per fractionation 
(9)

. 

The irradiation of treatment area control remains a significant problem in management of pituitary 

tumour, but the dose distribution of 3D technique in pituitary tumour will eventually provide an answer to the 

problem in management of pituitary tumour with the ability to deliver a conformed radiation to the target 

volume. Thus, the height of the pituitary gland in women increased again in the 50- to 59-year-old age group 
(10)

.  
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The study population is 300 patients of pituitary adenoma whom were randomly selected from the age-groups 

from 10 to 57 years old according to their availability.  

 

III.  Results 
The previous studies focused on the dose limit in pituitary adenoma treatment, regardless of tissue 

tolerance dose limit in general; but this study had found that, 3D dose distribution utilities in treatment of 

patients of pituitary adenoma while reducing dose to a surrounding tissue such as: temporal lobe, eye, optic 

chiasm.  

 

III.1 Temporal Lobe  

The temporal lobe presented in the fig 3.1 (a bar or histogram) shows the frequency distribution of the 

pituitary adenoma based on dose received by temporal lobe in 3D dose distribution. The dose received by 

temporal lobe in 3D dose distribution. However, the dose received by a critical organs from a tumour dose are as 

follow   (21patients, 7%, 0.2Gy), (43 patients, 14.3%, 0.22 Gy), (86 patients, 28.6%, 0.23 Gy), (108 patients, 

36%, 0.24 Gy), and (42 patients, 14%, 0.25 Gy). In addition to that, mean and standard deviation of dose 

received by temporal lobe in 3D dose distribution is (0.23 ± 0.013).  Moreover, three dimension (3D) 

maximized dose to the temporal lobes and reduces 5% of the prescribe dose 
(11)

. Despite of the risk of 

developing a clinically significant radiation optic neuropathy was with the dose receiving about 12 Gy or less. 

Temporal lobe necrosis is the most late-stage complication after radiation therapy 
(12)

.  

 

 
Figure 3.1 shows the study sample of temporal lobe based on dose received during 3D dose distribution in 

pituitary adenoma treatment. 

 

III.2 Eye  

The eye in the fig 3.2 (a bar or histogram) shows the frequency distribution of the pituitary adenoma 

based on dose received by eye in 3D dose distribution. The vertical axis shows the frequency of the dose 

received by eye in 3D dose distribution, the horizontal axis compares the dose level received by eye listed, 

divided into a comparison of four doses in Gray in 3D dose distribution in a critical organs. As it is shown in the 

figure 4.2 that the majority of study sample (107 patients, 35.6 %,) their eye received about (0.23 Gy) during the 

treatment of pituitary adenoma; (172 patients,   57%) received unnecessary dose in the eye is about (0.21-0.22 

Gy); and (21 patients, 7%) received dose in eye is about (0.20 Gy). Thus, the mean and standard deviation of 

dose received by eye in 3D dose distribution during treatment pituitary adenoma is (0.22 ± 0.10).  Nevertheless, 

vision can be lost in an unnecessary dose beyond 95% that will eventually cause retinal hemorrhage, this is 

considered to an extremely high rate of complications, and the tolerance dose to the optic nerve or chiasm is 

8Gy from prescribed dose 
(13)

. 
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Figure 3.2 (a bar or histogram) shows the frequency distribution of the pituitary adenoma based on dose 

received by eye in 3D dose distribution. 

 

III.3 Optic chiasm  

The optic chiasma in the fig 3.3 (a bar or histogram) shows the frequency distribution of the pituitary 

adenoma based on dose received by optic chiasma in 3D dose distribution. The vertical axis shows the 

frequency of study sample, the horizontal axis compares dose received by optic chiasma in 3D dose distributions 

in Gy listed, divided into a comparison of six unnecessary dose reaching the optic chiasma during treatment of 

pituitary adenoma as follow ( 0.17 Gy, 0.18Gy , 0.19Gy, 0.20Gy,0.21Gy, and 0.22Gy). It can be seen from the 

figure 4.3 that the doses escalating to an optic chiasma of doses are as follow (92 patients, 27.7%, 0.17 Gy), (20 

patients, 6.6%, 0.19 Gy), (84 patients, 28%, 21 Gy), and (104 patients, 34.6%, 0.22 Gy); but the mean and the 

standard deviation of the dose received by optic chiasma in 3D dose distribution is (0.20 ± 0.019).  However, 3D 

dose distribution plans could spare optic chiasm from unnecessary radiation during treatment 
(14)

.  In addition, 

the optic chiasma seems to be more tolerant of radiation 
(15)

.  

 

 
Figure 3.3 (a bar or histogram) shows the frequency distribution of the pituitary adenoma based on dose 

received by optic chiasm in 3D dose distribution. 

 

V.   Conclusions 
In this present study, it is concluded that, the 3D dose distribution is safe and reduces the unnecessary 

dose reaching beyond the area of the field during the treatment; but   there is no justification when radiation 

energy is being absorbed in the body that will produce a free radicals if the dose is less in accordance. However, 

these findings can be implicated in clinical applications because it lessens the unnecessary dose to the adjacent 

tissues. Furthermore, the limitation of the study did not find the length of these complications to be occurred and 

also the production enzyme repair which will fight in order to repair damage caused by the minor unnecessary 

radiation embedded in the tissues; new method should be used to treat pituitary adenoma cases so that to 

conform the dose to the bed of tumour need to be developed for further scientific researches..    
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