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ABSTRACT 

Diagnostic Reference Levels (DRLs) is one of the efforts to apply radiation protection that is dose optimization for 

patients in diagnostic measures, one of which is nuclear medicine diagnostics with SPECT modality. Giving a dose toa 

patient in nuclear medicine is based on the body mass of the patient. BAPETEN provides a web-based application (Si-

INTAN) to collect, store, and process patient dose data to determine local and national DRL values. This study aims to 

analyze the influence of the patient's body mass on the administration of radionuclide activity by determining the 

median value (Q2) for each patient's body mass interval, determining the local DRL value and the accumulative 

effective dose received by the patient using the Q2 value of each hospital and the national DRL value uses the 75 

percentile (Q3) value for all survey data collected on Si-INTAN in 2017-2018. This study produces an analysis that only 

the "C" hospital follows the procedure in administering radionuclide activity based on the patient's body mass, 

confirmed by a determination value (R
2
) of 0.96. Local DRL values for each hospital were 799.20 MBq, 761.83 MBq, 

and 584.23 MBq respectively. The effective dose that the patient receives accumulatively at each hospital is 15.18 mSv, 

14.47 mSv, and 11.10 mSv respectively. The National DRL value for bone examination with Nuclear Medicine SPECT 

modality is 791.80 MBq. 
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INTRODUCTION 

BATAN (National Nuclear Energy Agency of Indonesia) uses radionuclides for diagnostics and therapy in 

radiopharmaceuticals. Radiopharmaceuticals play an important role in the development of current and future medicine. 

Radiopharmaceuticals for diagnostics were developed to imaging various organs with nuclear medical equipment such 

as SPECT and PET. While radiopharmaceuticals for therapy using monoclonal antibodies and peptides have been 

shown to give results [6]. 

Radiopharmaceuticals are radioisotopes that have chemical compounds as identifiers for organs. Radioisotopes emit 

radiation, which are used to detect the location of the target and the identification compound determines the organ to be 

examined. Radiopharmaceuticals for diagnostics are carried out by inserting the radiopharmaceutical into the patient's 

body by inhalation through the inhalation route or by mouth or by injection (in vivo). For diagnostic activities, the ideal 

radiopharmaceutical is the radiation emitted easily detected with a short half-life as a form of radiation protection and 

the resulting image quality is optimal [17]. Besides the benefits, radioisotopes can cause radiation effects so that 

radiation protection is required in their use. To implement radiation protection in Indonesia, BAPETEN as a supervisory 

body provides a web-based application, namely Si-INTAN or Patient Dose Data Information System as a container to 

assist in collecting, storing, and managing and retrieval of patient data from health service agencies registered as users 

in the applicationandas a form of monitoring of dosing to patients, especially in diagnostic measures [4]. 
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The administration of radionuclide doses in nuclear medicine examinations needs to consider the approximate value of 

radionuclide activity given to the patient's body mass. The patient's body mass is a representation of the thickness that 

affects the rate of radionuclide activity. In the management of nuclear medicine DRL which is expressed in units of 

MBq.kg
-1

, it is used as a form of evaluation of the use of nuclear medicine facilities in hospitals by following per under 

applicable protocols [1, 15]. 

Previous research has discussed the preparation of paediatric DRL based on body mass on the Anterior-Posterior (AP) 

chest thorax examination with a general radiographic modality based on the Si-INTAN database which states that the 

incorporation of body mass in paediatric patients affects the ESAK value as an opportunity to reduce the occurrence of 

biological effects [16]. 

 

Diagnostic Reference Level (DRL) 

The term DRL was first used by the ICRP in Publication No. 73 of 1996 to provide radiation protection 

recommendations in diagnostic radiology installations. The DRL value is not a limiting value but an optimization 

measure in radiation protection. Optimization does not use the DRL value performed on individual patient examinations 

but uses examinations in a group of patients obtained from the examination survey result with the same procedure [12]. 

The DRL value is divided into two parts based on region, namely the local DRL value used to show the DRL value at 

the hospital and the National DRL value which shows and as an additional measure in assessing the performance of a 

country's health services [15]. The determination of the DRL value uses the 3
rd

 quartile value of the distribution of 75% 

of the survey data [9]. The DRL value is used to optimize image quality and the dose given to patients. The local DRL 

value owned by the hospital does not exceed the National DRL value which has been determined as an investigative 

tool to optimize diagnostic measures [15]. 

 

Patient Dose Data Information System (Si-INTAN) 

The Si-INTAN application is used by BAPETEN to monitor the administration of patient doses used in the preparation 

of DRL values both locally and nationally. The output of the SI-INTAN application was made and developed that 

Indonesia has a patient dose profile for each type of diagnostic radiology examination as an effort to implement one of 

the principles of radiation protection, namely optimization [5]. 

 

Radiation Doses in Diagnostic Nuclear Medicine 

The activity of radionuclides in nuclear medicine diagnostic procedures inserted into the patient's body produces a 

radiation dose from the body as a radiation source. The dose received by the patient does not have a dose-limiting value 

at the time of diagnostic action. However, the value of the dose given is still regulated based on the patient's body mass 

in nuclear medicine diagnostics, referring to the implementation of the risk protection principle to produce an optimal 

and ideal image [1, 15]. Radiation given to each target organ or tissue will result in different risks depending on the 

radiation source given refers to the concept of equivalent dose to the organ or target 𝑇. The weight factor of radiation on 

the tissue performed in diagnostic nuclear medicine tests as a multiplier of the average absorption dose will be 1. In 

other words, the mean equivalent dose in the organ or tissue is equal to the mean absorption dose [13]. 

The stochastic effect resulting from radiation application to the patient's body is shown numerically as an effective dose. 

The effective dose in nuclear medicine examination is numerically equal to the average dose equivalent to the organ or 

tissue because the relative radiation sensitivity values are considered one unit [13]. The radionuclide activity received 

by the patient introduced into the body as an equivalent dose value will affect the type of radiation, the half-life, and 

metabolism of the radionuclide [18]. The total equivalent dose calculation applies the calculation for the organs 

received for 50 years after the radionuclide has been introduced into the patient, using equation (1). 

𝐻 = 𝐼 𝜏  𝑥 𝑒(𝜏)              (1) 

where 𝐻 is the total equivalent dose with SI units, namely sievert (Sv), 𝐼(𝜏) is the activity given to the patient is a 

function of time in SI units, namely, becquerel (Bq) and 𝑒(𝜏) is the effective dose coefficient is a function of time in 

units Sv.Bq
-1

. Each radionuclide has a different effective dose coefficient value, at Tc-99m, the effective dose 

coefficient value is 1.9 x 10
-11

Sv.Bq
-1

 [10, 14] 

 

RESEARCH METHODS 

This research consisted of several stages, the data collection stage was carried out from March to April 2019 with 623 

data. The bone examination with Tc-99m MDP pharmaceutics using SPECT for imaging data were usedin this research. 

The tools and materials used in this study included Microsoft Office Excel 2010 software and a laptop with 4GB RAM. 

Survey data compiled from the Si-INTAN application from 2017 to 2018, which contains information on patient 

weight, radionuclides used, and radionuclide activity grouped by the hospital, then the type of examination at each 

hospital. The age of patients was not included in this research. 
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Presentation of Data in Graphs 

In presenting data in graphs, it is carried out in several stages, namely calculating the median value (Q) and making 

graphs using Microsoft Office Excel. The survey data has been grouped by type of examination, sorted from smallest to 

largest body mass. To make it easier to graph the relationship between the patient's body mass and radionuclide activity. 

The 10 data patients were the minimum number of patients for each weight range to analyse median value. The patient's 

body mass data is presented in intervals with a range of 10 at each interval, while the radionuclide activity values use 

the median (Q) value for each body mass interval with formulas available in Microsoft Office Excelor in equation (2). 

𝑄 = 𝑀𝐸𝐷𝐼𝐴𝑁 (𝐴)     (2) 

where 𝑄 is the median value of radionuclide activity for each interval and 𝐴 is the value of radionuclide activity in 

MBq. The median values of radionuclide activity and body mass intervals obtained at each hospital are then presented 

in the form of bar graphs and graphs with a linear trendline of the relationship between the patient's body mass and 

radionuclide activity. 

 

Effective Dosage Calculations 

The resulting effective dose was the cumulative effective dose value from each hospital using the local DRL value. The 

local DRL value is obtained by calculating the 2
nd

 quartile (Q2) of all radionuclide activity data from each hospital using 

a formula that is already available in Microsoft Office Excel, namely in equation (3). 

𝑄2 = 𝑄𝑈𝐴𝑅𝑇𝐼𝐿𝐸  𝐴; 2     (3) 

where 𝑄2 is the value of the 2
nd

 quartile of the data distribution at each hospital and 𝐴 is the value of all radionuclide 

activity at each hospital in MBq. From the second quartile value obtained from each hospital, this value is multiplied by 

the effective dose coefficient for Tc-99m, which is 1.9 x 10
-11

Sv.Bq
-1

 [10,14]. 

 

National DRL Calculation 

The calculation of the National DRL value in Indonesia uses 75% of the entire data distribution or the 3
rd 

quartile value 

(Q3) of all radionuclide activity data collected in the Si-INTAN application for bone examination using the SPECT 

modality in nuclear medicine. The calculations used are using formulas that are already available in Microsoft Office 

Excel, shown in equation (4). 

𝑄3 = 𝑄𝑈𝐴𝑅𝑇𝐼𝐿𝐸 (𝐴; 3)     (4) 

where 𝑄3 is the value of the 3rd quartile of all distribution data and 𝐴 is the value of radionuclide activity from all types 

of bone examination data with the available SPECT modality. 
 

RESULTS AND DISCUSSION 

Analysis of the Effect of Body Mass of Patients in Giving Radionuclide Activity 

The effect of body mass on the provision of radionuclide activity to patients is the same as the administration of clinical 

drugs by doctors in the form of prescriptions given to patients based on the patient's body mass. Because radionuclides 

will be inserted into the patient's body, it will affect the metabolism in the body and the waiting time for radionuclides 

to be absorbed so that the time for the examination is precise and optimal. 

 
Fig. 1 Bar graph of body mass against radionuclide activity at 3 hospitals 

If the hospital has administered the amount of radionuclide activity based on the patient's body mass, the resulting graph 

tends to increase from the smallest to the largest body mass and forms a linear graph because the amount of 

radionuclide activity given to the patient is proportional to the patient's body mass. It can be concluded that only 

hospital C has met the protocol for administering radionuclide activity based on the patient's body mass (Fig. 1). 
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Evidenced by the value of determination (R
2
) on the linear graph of 0.96 or close to 1, in other words, the patient's body 

mass affects the value of the given radionuclide activity that shown in Figure 2. 

 
Fig. 2 Linear graph of body mass against radionuclide activity at Hospital "C” 

Meanwhile, for hospitals A and B, the resulting graph tends to increase and decrease. The lowest and highest activity 

values of the two hospitals, respectively, lie in the body mass intervals of 70-79 kg and 30-39 kg. The factor that may be 

the reason for the lowest activity value being in the body mass interval 70-79 kg is the limited availability of the number 

of radionuclides owned by the hospital with the needs given to patients so that the hospital provides the amount of 

radionuclide activity divided equally close to the recommended activity size of 370-740 MBq (10-20 mCi) for each 

patient [19]. 

The factor that may affect the highest value of radionuclide activity which is in the body mass interval 30-39 kg is not 

the largest body mass interval at each hospital assuming concerns from diagnostic workers in the event of a repetition of 

imaging procedures and requests from nuclear medicine doctors to get better image results even when the amount of 

radionuclide activity given to the patient exceeds the recommended activity level. Therefore, thehospitals A and B that 

have not met the protocol for providing radionuclide activity, it is necessary to conduct field evaluations and 

investigations as a form of effort to implement optimization in radiation protection. 

 

Indonesian National DRL 

The value of the National DRL for Nuclear Medicine on bone examination with the SPECT modality that Indonesia has 

from the calculation of the 3
rd

 quartile (Q3) of 3 hospitals on the 2017-2018 Si-INTAN application is 791.80 MBq. The 

value of the National DRL in Indonesia can be compared with the value of the National DRL on several countries that 

already have DRL values with the same procedure, which is presented in table 1. 

Table-1 National DRL scores from various countries 

England 

1999 

England 

2019 

Europe 

2014 

Australia 

2017 

Indonesia 

800 MBq 800 MBq 600 MBq 920 MBq 791,8 MBq 

It can be seen that the National DRL in Indonesia is still lower than the DRL owned by the UK in 1999 [7] and the UK 

in 2019 [3] as well as the DRL in Australia in 2017 [2], but it is still higher than the DRL value in Europe in 2014 [8]. 

Table-2 Results of the calculation of radionuclide activity into an effective dose 

Hospital Radionuclide Activity 

(MBq) 

Effective Dosage 

(mSv) 

A 791,80 15,04 

B 756,65 14,38 

C 500,61 9,51 

 

Hospital Local DRL and Effective Dosage 

The DRL values and the effective dose of each hospital are presented in Table 2. The effective dose value is obtained 

from the calculation of the Q2 value of radionuclide activity from all data held by each hospital with an effective dose 

coefficient of Tc-99m. Table 2 it can be seen that none of the three hospitals has a value that exceeds the set National 

DRL value. The hospital's local DRL value can change if each hospital has followed the protocol in providing 

radionuclide activity to patients and this will affect the DRL value that Indonesia has to be lower than today. 
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CONCLUSION 

The conclusion that can be drawn from this study is that in nuclear medicine, especially in bone examination using the 

SPECT modality, the amount of radionuclide activity is influenced by the patient's body mass, as evidenced by the 

value of determination (R
2
) which is close to 1 on a linear graph at hospital C and only hospital. C which has met the 

protocol in nuclear medicine examination. 

The value of the National DRL for Nuclear Medicine that is owned by Indonesia from the data of all hospitals that have 

been compiled from the Si-INTAN application for bone examination with the SPECT modality is 791.80 MBq. 

Meanwhile, the local DRL values for each hospital were 791.80 MBq, 756.65 MBq, and 500.61 MBq, respectively. The 

effective dose values from each hospital were 15.04 mSv, 14.38 mSv, and 9.51 mSv, respectively. 
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