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ABSTRACT 
 
 

Dementia affects over 35 million people worldwide, with strong personal, social and financial impacts. 
Alzheimer's disease is the most common form of dementia, accounting for 60-70% of cases, affecting mostly 
females. Recent technological innovations, using methods of anatomical and functional neuroimaging, with 
particular emphasis on PET / CT (positron emission tomography with computed tomography associated), have 
shown excellent prospects for early diagnosis of Alzheimer's disease represented by Mild Cognitive Impairment 
(MCI). The use of PET / CT helps diagnosis, but the patients effective dose is higher and directly dependent on 
the radiopharmaceutical activity and the computed tomographic (CT) protocol used. The aim of this study was 
evaluated the organs absorbed doses and effective doses in 59 female patients undergoing the PET/CT 
diagnostic technique. For the measurements of radiation levels from the CT was used TLD100 (LiF:Mg, Ti) rod 
detectors inserted in Alderson Randon® anthropomorphic phantom, which simulates a female pattern, of 155 
cm and weight 50 kg, subjected to the same clinical protocol of acquiring patients images. The effective dose 
resulting from the radiopharmaceutical injected activity was estimated by ICRP106 model using the weight of 
the patients undergoing to the procedure. The average effective dose due was (7.65 ± 2.22) mSv. The effective 
dose contribution to the brain and the thyroid due to CT were (2.21 ± 0.38) and (0.72 ± 0.14) mSv, respectively. 
The use of CT optimized protocols can assist in reducing the dose in this type of procedure. 
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1. INTRODUCTION 

 
Patients who have mild cognitive impairment (MCI) can clinically evolve to Alzheimer's 
disease. The patient with MCI has memory deficits like Alzheimer's disease, but has no other 
common criteria, however have a higher rate of conversion to Alzheimer's disease about 10 to 
15% per year. Alzheimer's disease is a neurodegenerative disease most often associated with 
aging, whose cognitive and neuropsychiatric manifestations result in a progressive disability 
and eventual disability (1,2). Between 60 and 70% of patients with signs of mild cognitive 
impairment have moderate to severe hypometabolism in associative cortex. Patients with 
Alzheimer's disease tend to have hypometabolism in the parietal, temporal and posterior 
cingulate. Therefore one technique for early diagnosis of MCI and Alzheimer's disease is the 
PET / CT (Positron Emission Tomography / Computer Tomography) with the 
radiopharmaceutical fludesoxiglicose (18F-FDG). 1,2 

 
PET is the imaging modality most sensitive and specific in detecting metabolic changes, 
however, has limited spatial resolution. Computed tomography helps anatomical 
identification of possible changes that may be found in the image of PET / CT. 3 
 
For the examination of PET / CT the patient is subjected to the level of radiation from the 
radiopharmaceutical injection and x-ray dose from the use of the CT scanner. Therefore, as 
compared to other diagnostic exams, this technique subjects the patient to effective doses 
higher than in other imaging techniques. 
 
In order to know the effective dose to which these patients are subjected, this study aims to 
determine the level of radiation from PET / CT in the most radiosensitive organs such as the 
thyroid and eye lens that can directly suffer from radiation exposure. 
 

2. MATERIALS AND METHODS 
 
To determine the effective dose from the test PET / CT took two steps, one to determine the 
contribution to the effective dose caused by CT and another to evaluate the contribution from 
the activity of the radiopharmaceutical. The effective doses received by patients during the 
examination of CT were measured by using thermoluminescent detectors (TLDs) inserted in 
simulators anthropomorphic Alderson Randon ®. The Rod Dosimeters, previously selected 
and calibrated, used in this experiment were activated lithium fluoride with magnesium and 
titanium (LiF: Mg, Ti - TLD100) manufactured by Harshaw Chemical Company. 
 
For the evaluation of the absorbed dose from the CT imaging modality, detectors were 
inserted into Alderson Randon ® simulators anthropomorphic at points corresponding to 
radiosensitive organs and with greater likelihood of exposure. After insertion of 
thermoluminescent detectors, simulators underwent the same imaging protocol to which the 
patients underwent. To assess metabolic brain CT examination is limited to image acquisition 
protocol, so only this region receives directly the primary beam of X radiation. 
 
To determine the effective dose and absorbed resulting from CT, we used the equipment PET 
/ CT Discovery 690 from General Electric that has 64 channels. The technical parameters 
used to acquire brain images were 120kV, 150mA, slice thickness 3.75mm, 20mm beam 
width, pitch of 0.531, table speed of 10.62 mm / rev and tube time 0.5 s. 
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Already modality PET radiopharmaceutical injected (18F-FDG) is distributed throughout the 
body, but has a higher affinity for organs with high uptake of glucose as the brain and heart, 
in addition to the excretory organs such as the bladder. Therefore, the radiopharmaceutical 
will contribute to higher levels of radiation in various organs outside the region of evaluation. 
To determine this contribution we used the model proposed by the ICRP 106. 4,5,6 
 
The model proposed by the ICRP 106 for radiopharmaceutical 18F-FDG is based on 
scientific studies showing biokinetic models after its intravenous administration. According 
to the same publication, there is an initial uptake of 18F-FDG in the heart (4%), brain (8%), 
liver (5%), lung (3%) and all other tissues (80%). The organ retention specified source is 
considered to be infinite (without regard to delayed absorption). A fraction of 30% of the 
activity in other organs and tissues was considered to be excreted in the urine biological half-
life of 12 minutes (elimination of 25%) and 1.5 hours (75% elimination) according to the 
model biokinect kidney-bladder. 6 

 
Also according to the model proposed by ICRP 106 organs such as crystalline and thyroid 
present embodiment negligible compared to others, since they have low glucose metabolism. 
7,8 
 
In PET scans to identify the CCL, the radiotive activity to be incorporated by the patient is 
calculated based on your body mass. This work was considered a factor of 3.7 MBq / kg of 
the patient and used data from 59 female patients. 
 

3. RESULTS 
 
The average effective dose from the test PET / CT protocols for studies of diseases of mild 
cognitive impairment was (7.65 ± 2.22) mSv in female patients. The values of the average 
age of patients who underwent this examination were 76 years, height 1.57m, mass 62.86 kg, 
injected activity (295.99 ± 106.21) MBq. 
 
From dose absorbed by patients undergoing PET / CT resulting from incorporation of 18F-
FDG was possible to determine the contribution of women in the effective dose to the organ 
as the brain (0.10 ± 0.04) mSv and thyroid (0.11 ± 0.04) mSv. 
From the experimental data it was possible to determine the contribution to the effective dose 
due to irradiation of CT in various organs of patients. In women the contribution due to the 
effective dose for CT brain was (2.11 ± 0.34) mSv and thyroid (0.61 ± 0.10) mSv. 
 

4. DISCUSSION 
 
It was possible to observe the low level of radiation in the thyroid, since this body has low 
uptake of 18F-FDG and this organ is outside the radiation field during acquisition of CT 
image. 
 
The eye lens, which is a radiosensitive organ, receives radiation only from CT since this body 
does not capture significantly the 18F-FDG. Already the brain and heart are organs that have 
high blood supply, leading to a significant increase in the uptake of FDG, which increases the 
dose absorbed in them. 
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The bladder is the highest suffering from radiation energy deposition for the test under study, 
since it is excreted via the urine, FDG is stored in the organ during a large period of time. 
This fact explains the high level of radiation received, representing approximately, in relative 
terms, 25% of the total absorbed dose of whole body average. Already the other organs 
received radiation levels very similar, representing on average 3% of the total absorbed dose 
whole-body organ evaluated. 9 
 
The lack of dosimetric studies related to brain scans using PET / CT does not permit good 
comparisons of results, but for some specific tests is possible to obtain a relationship between 
the results. KHAMWAN et al. showed that for 35 Thai patients undergoing examinations 
PET / CT oncologic whole body, the mean effective dose was 18.85 mSv calculated using 
computational methods. 10 

 
HUANG et al. estimated that the radiation dose of whole body because the use of FDG and 
CT to assess due to the risk of inducing cancer in the population of the United States and 
Hong Kong. It was determined that the doses to use three different protocols A, B and C, 
respectively, were 13.45, 24.79 and 31.91 mSv for female patients. 11 
 
These results demonstrate that the levels of radiation to brain studies exclusively patients 
undergoing radiation levels much lower than the effective doses from studies of the entire 
body, as expected. 
 

5. CONCLUSION 
 
Optimized protocols for CT and calculation of activity that will be injected into each patient 
may contribute to the reduction of the effective dose in the patient during the diagnosis of 
PET / CT. The determination of the optimal area to be made CT image contributes 
significantly to this reduction. The use of individualized calculation of radiopharmaceutical 
activity is also a major factor in the reduction of the effective dose. In general, due to their 
larger weight women undergoing diagnosis of CCL receive higher doses than men. 
Awareness and training of professionals in relation to radiological protection of patients can 
directly interfere with the choice of protocol and thus the dose to which they are subjected. 
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