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Abstract  
Introduction: 

99m
Tc-Macro Aggregated-Albumin (

99m
Tc-MAA) has been 

evaluated as a useful perfusion study agent. In this study, the human absorbed 

dose of 
99m

Tc-MAA was estimated with MIRD and MCNP methods based on 

animal biodistribution data and finally compared with ICRP publication data. 

Materials and Methods: In this study, for investigating the biodistribution of 
99m

Tc-MAA, after radiolabeling of MAA with Technetium-99m, it was injected 

to mice via the tail vein. After 1-120 min post injection, the mice were 

sacrificed and some of their tissues dissected and counted for calculating the 

percentage of the injected dose per gram (% ID/g) and the absorbed dose. Then, 

the obtained data was converted to equivalent data in human for each tissue. 

Results: Dose prediction shows that the highest absorbed dose is observed in 

the lungs (MIRD: 6.8E-2 mGy/MBq, MCNP: 6.32E-2 mGy/MBq). There is 

good agreement between the results obtained from MIRD and MCNP 

simulation for lungs. 

Conclusion: According to the present results and comparison with ICRP 

publication data, animal dissection model and simulation MCNP code can be 

useful tools for internally-absorbed dose estimation of pulmonary 

radiopharmaceuticals. 
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1. Introduction 
     The lung respiratory function can be 

studied through perfusion (Q) and 

ventilation (V) imaging [1]. 
99m

Tc-

Macroaggregated Albumin (
99m

Tc-MAA) 

has been well-known as a perfusion agent 

since 1965 [2]. The radiopharmaceuticals 

have become the standard for lung 

perfusion studies and still dominates the 

global market [3]. Radiopharmaceuticals 

can deliver radiation dose to organs 

because of the presence of their 

radioisotopes. Estimation of the absorbed 

dose from labeled compound is an 

important part of the development and 

usage of new agents [4]. In the field of 

nuclear medicine, the most commonly 

used method for obtaining the internal 

dose estimates is the one developed by the 

medical internal radiation dose (MIRD) 

committee. This well-known method is 

based on the absorbed fractions: it means 

that a fraction of emitted energy from 

source tissues is absorbed into target 

tissues [5, 6].  

In addition, simulation with Monte Carlo 

method is another way. One of the most 

important codes is MCNP (Monte Carlo 
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N-particle). This code can be used for 

some particles’ transport [7]. Many studies 

have been performed for estimating the 

internal dose after radiopharmaceuticals 

administration. 

Shahbazi-Gahrouei et al. compared the 

investigation of the organ doses in 

radioiodine therapy by three methods of 

calculating, experimental and Monte Carlo 

simulation [8]. In 2015, Shanehsazzadeh et 

al. calculated and compared effective dose 

of different tissues of body, resulting from 

two radiopharmaceuticals administration, 

namely 
99m

Tc-MAA and 
68

Ga-MAA [6]. 

The aim of this study was the comparison 

of estimasted human absorbed dose of 
99m

Tc-MAA resulting from one MBq after 

intravenous injection to mice, using MIRD 

and MCNP simulation code. 
 

2. Materials and Methods 
     Technetium-99m was prepared by 

Nuclear Science and Technology Research 

Institute. 

For preparing the 
99m

Tc-MAA, 

Technetium-99m was obtained from the 
99

Mo decay on a column in 
99

Mo/
99m

Tc 

generator. The Technetium-99m was 

eluted by 0.9% sodium chloride in the 

form of Na [
99m

TcO4] solution. 

After that, eluted Na [
99m

TcO4] was added 

to the reaction vial at room temperature. 

After radiolabeling with Technetium-99m, 

3.7 MBq activity was injected via the tail 

vein. After 1, 5, 15, 30, 60 and 120 min 

post injection, the percentage of the 

injected dose per gram (% ID/g) was 

calculated for each organ.  

 

 
 

where Atissue is the Technetium-99m 

activity in the sample, Mtissue is the mass of 

the tissue and Atotal is the total activity of 

Technetium-99m injected into the animals 

[6, 9]. The dose of radiation delivered 

from a source tissue to a target tissue is 

dependent on the amount of radioactivity 

in the source tissue and the time length of 

the radiopharmaceuticals resides in the 

source tissue. 

 

The accumulated radioactivity, Ã, can be 

shown by the eq. (2): 

 

  

 

Ah (t) refers to the activity of each tissue at 

the time (t). Ã accounts for the 

radioactivity in the tissue [6, 10]. After 

calculating the activity for organs at 

different times, related activity curves 

were drawn for each. Then, using the 

curve fitting method (the data points which 

represent the percentage-injected dose 

were created and fitted to a mono-

exponential, bi-exponential, or uptake and 

clearance curve), cumulated radioactivity 

values were obtained. 

 

 Some organs were harvested; then for 

converting accumulated activity of mouse 

organs to human organs, Sparks and 

Idogan method [11-14], shown in eq. was 

used (3): 

 

 
 

The radiation-absorbed dose was 

calculated by MIRD formulation: 

 

 
where Drk (rad or Gy) is the absorbed dose 

of the target organ, Ã is the accumulated 

activity in source organ (Ci-hr or MBq-

sec) and  S(rk←rh) that is called S factor, 

and is defined as the mean absorbed dose 

to the target region rk per unit of 

accumulated activity in the source region 

rh (here are the lungs). The value of S 

depends on the radiation type, the energy 

emitted per transformation, the mass of the 

target organ and the geometry of the 

mathematical phantoms representing 

adults and children of various ages. The S 

factors have been taken from the tables 

presented in the medical internal radiation 

https://en.wikipedia.org/wiki/Pertechnetate
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dose No.11 [15] and available in     

http://doseinforadar.com/RADARphan.ht

ml. 

This factor represents the physical decay 

characteristics of the radioisotopes, the 

range of the emitted radiations, and the 

organ size. The absorbed dose of different 

body organs were obtained by converting 

the mouse results to that of a human and 

accumulating the activity through both 

methods (MIRD & MCNP). By 

considering the type of particle on creating 

biologic effects, equivalent dose (H) is 

defined; it is equal to absorbed dose 

multiplied by the radiation-weighting 

factor (W).    

 

H=D×W                                  (5) 

 

Weighting factor of Gamma, X-ray and 

Beta particles is one and for alpha particles 

it equals 20. The effective absorbed dose 

(E) of each organ is: 

 

                        (6) 

 

Where WT is the tissue-weighting factor 

according to ICRP106 and H is the 

equivalent dose [17]. This quantity 

considers the effect of different beams on 

tissue types for creation of biologic effects 

[4, 16-19]. 

For dose estimation by MCNP simulation 

code, the absorbed doses of different 

organs such as lungs, heart, liver, kidneys, 

spleen, are estimated within an adult male 

ORNL phantom. MCNP needs the source 

for a problem to be specified in a user 

defined input file. In the source card, 

particle type, source position and 

distribution, energy, and direction of 

starting particles were specified. For 

simulating the present work, it was 

assumed that the radiopharmaceuticals 

were uniformly distributed throughout the 

organs. 

 The radiopharmaceuticals used in this 

research emit gamma (
99m

Tc) radiation. 

The source energy was chosen based on 

the 0.14 MeV peak for 
99m

Tc. Tallies of F6 

applied for calculation of absorbed dose in 

this code. The third method for 

comparison is ICRP publication data. 

ICRP publication shows biokinetic models 

and best estimates of biokinetic data for 

many radiopharmaceuticals, giving 

absorbed doses for adults, children and the 

fetus. 

 

3. Results 
     Figure 1 shows the percentage of 

injected dose per gram at times 1, 5, 15, 

30, 60 and 120 minutes after intravenous 

injection of 
99m

Tc-MAA on various organs 

of mice. 
 

 
Figure 1. The clearance curves of (A for Lung) and (B for Liver, Heart, kidney and Spleen) after IV injection of 

99mTc-MAA. Mean values as the percentage of administered activity per gram (%ID/g)) and the horizontal axis is the 

times (min) post injections. 

 

After calculating the absorbed dose by 

MIRD method, the amount of effective 

absorbed dose of different organs for this 

pulmonary radiopharmaceutical was 

obtained. The results of this dosimetry 

method are indicated in Table 1. 
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 Table 1. Evaluation of human effective dose based on mouse data after intravenous administration of  
99m

Tc-MAA 

 

Table 2. Evaluation of human mean absorbed dose based on mouse data after intravenous administration of 
99m

Tc- MAA 

using MIRD method and MCNP code and comparison with ICRP’s human data. 

Target 

organs 

Mean estimated absorbed dose by 

MIRD 

(mGy/MBq) 

Mean estimated absorbed dose by 

MCNP code 

(mGy/MBq) 

Mean absorbed dose in 

ICRP 

(mGy/MBq) 

Heart 1.73E-02 9.80E-03 9.60E-03 

Lungs 6.80E-02 6.30E-02 6.70E-02 

Liver 3.32E-03 5.90E-03 1.60E-02 

Spleen 3.09E-03 5.20E-03 4.40E-03 

Kidneys 1.26E-03 2.20E-03 3.70E-03 

 

Then we calculated the absorbed dose by 

MIRD and MCNP methods and compared 

them with ICRP dosimetry data in Table 2. 

The comparison of human absorbed dose of 
99m

Tc-MAA by MIRD and MCNP (our 

estimation) with 
99m

Tc-MAA (which was in 

accordance with ICRP publication 53 [18]) 

is depicted in Figure 2. 

 

 
Figure 2. Comparison of MIRD and MCNP dose estimation for 

99m
Tc-MAA versus data in humans based on ICRP 

publication data [18]. 

 

 

4. Discussion 
  Technetium-99m is the most well- known 

and widely used radioisotope in nuclear 

medicine for diagnostic procedures.  More 

than 70 percent of nuclear medicine 

procedures have used it in their clinical 

application as an imaging agent [20] to 

estimate the internal radiation dose due to 

the administration of Technetium-99m to 

the patients. 

Apart from International Commission of 

Radiation Protection (ICRP) publications, 

Target organs Mean estimated 

absorbed dose(mGy/MBq) 
WT 

Mean effective 

absorbed dose(mSv/MBq)* 

Heart 1.73E-03 0.01 1.73E-05 

Lungs 6.80E-02 0.12 8.16E-03 

Liver 3.32E-03 0.04 1.32E-04 

Spleen 3.09E-03 0.01 3.09E-05 

Kidneys 1.26E-03 0.01 1.26E-05 

*If injected 1MBq activity of radiotracer 
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there are a limited number of documents on 

radiopharmaceuticals dosimetry in the 

world. 

As mentioned above, the use of a 

radiopharmaceutical requires investigation 

of its biodistribution and dosimetry in some 

models prior to next stage (clinical 

applications) [16, 17, 21, and 22]. In this 

study, internal radiation dosimetry of the 

pulmonary imaging agent, 
99m

Tc-MAA, was 

calculated and compared (based on mouse 

data) through two important methods. 

Based on the assumption that the 

biodistribution of radiopharmaceuticals in 

mouse and in human could be similar (ICRP 

103). The dose prediction shows that the 

highest absorbed dose is observed in the 

lungs (MIRD: 6.8E-2 mGy/MBq, MCNP: 

6.32E-2 mGy/MBq)liver (MIRD: 3.32E-3 

mGy/MBq, MCNP: 5.9E-3 mGy/MBq), 

heart (MIRD: 1.73E-2 mGy/MBq, MCNP: 

9.8E-3 mGy/MBq), Spleen (MIRD: 3.09E-3 

mGy/MBq, MCNP: 5.20E-3 mGy/MBq) 

and Kidneys (MIRD: 1.26E-3 mGy/MBq, 

MCNP: 2.2E-3 mGy/MBq). There is good 

agreement between the results obtained 

from MIRD and MCNP simulation for 

lungs. In addition, as documented in ICRP 

publication, the highest absorbed dose is 

observed in the lung, and the tissues that 

receive the next higher dose  are liver, heart, 

spleen and kidneys. The results of MIRD, 

MCNP code and ICRP data show an 

acceptable agreement for 
99m

Tc-MAA 

especially in the lungs. 

The deviations between the results obtained 

by three methods can be due to different 

uncertainties in three methods: mouse to 

human conversion factor, difference 

between tissues geometry in human and 

mouse, etc. 
 

5. Conclusion 
     Dose estimation shows that the highest 

absorbed doses are in the Lungs, Liver, 

heart, Spleen and Kidneys. There is good 

agreement between the results obtained 

from MIRD, MCNP simulation and ICRP 

publication data for lungs. According to the 

results of the study and comparison results 

with ICRP data, animal dissection model 

and simulation MCNP code can be useful 

tools for internally absorbed dose estimation 

of pulmonary radiopharmaceuticals. 

  

Acknowledgement 
     We would like to thank Yasser Amoosi 

for offering help in reviewing and revising 

the manuscript for grammar and syntax. 

 

Conflict of interest 
 The authors declare no conflict of interest. 

 

References  
1. O’Brodovich HM, Coates G. Quantitative 

ventilation-perfusion lung scans in infants and 

children: utility of submicronic-radiolabeled 

aerosol to assess ventilatin.1984; 105:377–83. 

2.  Ciofetta Gi,  Piepsz A, Roca I,  Fisher S, et 

al. Guidelines for lung scintigraphy in children. 

Eur J Nucl Med Mol Imaging. 2007; 34:1518–

1526. 

3. Amor-Coarasa A, Milera A, Carvajal DA, 

McGoron AJ. 99mTc-MAA vs. 68Ga-MAA as 

Perfusion Agents. Biomedical Engineering 

Conference (SBEC), 29th Southern; 2013: 

IEEE. 

4. Mohammadi BH, Shirmardi SP, Shokri AS, 

Erfani M. Estimation of Organ-Absorbed Doses 

in Human from Gamma Rays of 99mTc-DTPA 

Radiopharmaceutical, Using the Animal 

Dissection Data. Archives of Advances in 

Biosciences.2019; 10 :(4). 22-30. 

5. Snyder W, Ford M, Warner G, Watson SS. 

absorbed dose per unit-cumulated activity for 

selected radionuclides and organs. MIRD 

Pamphlet No. 11. 1975; Society of Nuclear 

Medicine, New York. 

6. Shanehsazzade S, Lahooti A, Yousefnia H, 

Geramifar P, Jalilian AR. Comparison of 

estimated human dose of 68Ga-MAA with 

99mTc-MAA based on rat data. Ann Nucl 

Med.2015; 29: 745. 

7. MCNP, X. Monte Carlo Team MCNP a 

general purpose Monte Carlo n-particle 

transport code. (Tech. rep., Los Alamos 

National Laboratory) 2015. 

8. Shahbazi gahrouei D, Ayat S. Comparison of 

Three Methods of Calculation, Experimental 

and Monte Carlo Simulation in Investigation of 

Organ Doses (Thyroid, Sternum, Cervical 



  Estimation of human absorbed dose by, Naserpour M et al.      

 

Archives of Advances in Biosciences is an open access article under the terms of the Creative Commons Attribution -NonCommercial 4.0 International License,  

6 

Vertebra) in Radioiodine Therapy. J Med 

Signals Sens.2012; 2:149-152. 

9. Shanehsazzadeh S, Yousefnia H, Jalilian AR, 

Zolghadri S, Lahooti A. Estimated human 

absorbed dose for 68Ga-ECC based on mice 

data: comparison with 67Ga-ECC. Ann Nucl 

Med. 2015; 29: 475.  

10. Shanehsazzadeh S, Lahooti A, Shirmardi, 

SP, Erfani M. Comparison of estimated human 

effective dose of 67Ga-and 99mTc-labeled 

bombesin based on distribution data in mice. J 

Radioanal Nucl Chem. 2015; 305: 513-20. 

11. Stabin MG. Uncertainties in Internal Dose 

Calculations for Radiopharmaceuticals, the 

journal of nuclear medicine. 2008; 2;49. 853-

860. 

12. International Commission on Radiological 

Protection. Basic Anatomical and Physiological 

Data for Use in Radiological Protection: 

Reference Values. New York, NY: Pergamon 

Press; ICRP publication 89, 2008. 

13. Hui TE, Fisher DR, Kuhn JA, et al. A 

mouse model for calculating cross-organ beta 

doses from yttrium-90-labeled 

immunoconjugates. Cancer; 1994; 

73(suppl):951. 

14. Miller W.H, Hartmann-Siantar. C. 

Evaluation of Beta-Absorbed Fractions in a 

Mouse Model for 90Y, 188Re, 166Ho, 149Pm, 

64Cu, and 177Lu Radionuclides. Cancer 

Biother Radiopharma. 2005; 20, 4, 436-449. 

15. Bagheri R, Afaride H, Ghannadi- Maragheh 

M, Bahrami-Samani A, and Shirmardi SP. 

Dosimetric study of radium-223 chloride and 

153Sm-EDTMP for treatment of bone 

metastases using MCNPX code and available 

experimental data. J Radioanal Nucl 

Chem.2015; 303(3): 1991-1998. 

16. Bagheri R, Afarideh H, Maragheh MG, 

Shirmardi SP, Samani AB. Study of bone 

surface absorbed dose in treatment of bone 

metastases via selected radiopharmaceuticals: 

using MCNP4C code and available 

experimental data, Cancer Biothe 

Radiopharma.2015; 30(4); 174. 

17. ICRP Publication 106. Approved by the 

Commission in October 2007. Ann ICRP; 38:1–

197. 

18. Annals of the ICRP. Radiation dose to 

patients from radiopharmaceuticals, publication 

53, 1987; 18 (1- 4). 

19. Valentin, J. Radiation dose to patients from 

radiopharmaceuticals:(Addendum 2 to ICRP 

Publication 53) ICRP Publication 80 Approved 

by the Commission in September 

1997. Annals of the ICRP 28 (1998). 

20. Hidayati N, Hidayat B. Application of 

99mTc Radioisotope in Diagnostic Procedures 

and Internal Radiation Dose Estimation.  KnE 

Energy, vol. 2016. 

21. Mohammadi B, Shirmardi SP, Erfani M, 

Shokri AA. Assessment of Internal Absorbed 

Dose in the Human Abdominal Organs from 

Two Renal Radiopharmaceuticals Based on 

Experimental Mouse Data. Electronic J Biol. 

2019;15:2 

22. Bardiàs M, Buvat I. Dosimetry in nuclear 

medicine therapy: what are the specifics in 

image quantification for dosimetry? Q J Nucl 

Med Mol Imaging. 2011; 55(1):5–20. 


