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Introduction
Dose assessment in diagnostic nuclear medicine is required to optimize imaging procedures, estimate radiation risk, improve radiation safety, and verify
compliance of local and national practice with international guidelines. Typical effective dose values for a standard patient related to administered
radiopharmaceutical were estimated according to results of a study on national diagnostic reference levels for single photon emission imaging procedures.

Materials and methods
Imaging in nuclear medicine is based on administration of radiopharmaceutical,
which is distributed in the patient body. The diagnostic nuclear medicine
process in presented in figure 1.

Figure 1: Diagnostic nuclear medicine process.

Therefore, International Commission on Radiation Protection (ICRP) has
designed a set of mathematical models of the human body to provide
estimation of effective dose values delivered by the administered
radiopharmaceutical. The methodology proposed by the ICRP assumes that
radiation source is whole patient body, and the estimation is based on
conversion factors given as radiopharmaceutical specific effective dose per unit
of administered activity.
The aim of this study was to estimate typical effective dose values for more
than 30 single photon emission imaging procedures performed in Croatia by
the application of various radiopharmaceuticals based on the radionuclides
99mTc, 131I, 123I and 67Ga. The national practice is represented by typical
effective dose values for standard patient with a body mass of 70±20 kg. They
were estimated using the median national value of administered activity for
each procedure and the corresponding conversion factor. Conversion factors
were taken from ICRP publications 60, 80 and 128, except for a few
procedures which are omitted from the ICRP publications. Conversion factors
for these procedures were taken from respective radiopharmaceutical
specification.

Results
Typical national effective dose values related to
respective administered radiopharmaceutical were
estimated (table 1). Effective dose values for the
procedures of the same type performed at different
nuclear medicine departments were rather
heterogeneous, demonstrating values that differ over
10 times between minimum and maximum effective
dose values for respective procedure. Values of
typical effective dose of investigated imaging
procedures vary from less than 0.1 mSv to 35.5 mSv.
Such large variations can be related to the different
administered activity and desired diagnostic
outcome, different radiopharmaceuticals used and
different mathematical model adopted.
In data analysis and comparison of estimated
effective dose values different types of uncertainties
should be considered. For example, the uncertainty
in effective dose estimates from respective
radiopharmaceutical vary among patients due to
anatomical likeness to the model (mass of organs
and distance between organs) and strongly depends
on the mathematical model used for the simulation. It
is important to note that periodical performance of
comprehensive quality control procedures may
enable reduction of uncertainties related to
administered activity.

Conclusion
Estimation of patient effective dose values allows benchmarking of different nuclear medicine procedures in terms of stochastic radiation risk. It also provides a
quantity for comparison of respective procedure to other imaging modalities based on the application of ionizing radiation. Additionally, information on the number
of such procedures enables determination of the contribution of nuclear medicine imaging to the collective effective dose.
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Table 1: Typical effective doses based on median values of the distribution of typical activity values for nuclear medicine single photon emission 
procedures performed in Croatia 

Procedure Radiopharmaceutical Median value (MBq) Conversion factor (mSvMBq-1) Typical effective dose (mSv)

Bone imaging 99mTc - phosphonates 663 4.9 E-03/4.3 E-03** 2.9-3.2
Bone imaging 67Ga - citrate 74 1.0E-01* 7.4
Myocardial perfusion, stress, 2 days 99mTc - tetrofosmin 670 6.9 E-03* 4.6
Myocardial perfusion, rest, 2 days 99mTc - tetrofosmin 670 8 E-03* 5.4
Myocardial perfusion, stress, 1 day 99mTc - MIBI 592 7.9 E-03* 4.7
Myocardial perfusion, rest, 1 day 99mTc - MIBI 703 9 E-03* 6.3
Myocardial perfusion, stress, 2 days 99mTc - MIBI 634 7.9 E-03* 5.0
Myocardial perfusion, rest, 2 days 99mTc - MIBI 634 9 E-03* 5.7
Renal imaging 99mTc - MAG3 137 1.7E-03 - 7.0E-03* 0.2-1.0
Renal imaging 99mTc - DMSA 122 8.80E-03 1.1
Renal imaging 99mTc - DTPA 130 4.9 E-03/4.6 E-03 *** 0.6-0.6
Infection/inflammation imaging 99mTc - HMPAO leucocytes 582 1.1 E-02 ° 6.4
Somatostatin receptor imaging 99mTc - tektrotyd 740 5 E-03 ᴿ 3.7
Parathyroid imaging 99mTc - tetrofosmin 559 1.3 E-02* 7.3
Parathyroid imaging 99mTc - MIBI 555 9 E-03* 5.0
Thyroid imaging 99mTc - pertechnetate 185 1.3 E-02* 2.4
Thyroid imaging 99mTc - MIBI 370 9 E-03* 3.3
Brain imaging 99mTc - HMPAO 1110 9.3 E-03* 10.0
Liver hemangioma 99mTc - labelled erytrocytes 555 7 E-03* 3.9

Liver imaging 99mTc - HIDA 223 1.6 E-02* 3.6
Lymphoscintigraphy 99mTc - nanocoll 37 4 E-03 ᴿ 0.1
Lymphoscintigraphy -SLN 99mTc - nanocoll 19 1.2 E-03* <0.1
Dopamine transporter imaging 123I - Ioflupane 141 2.5 E-02* 3.5
Lung perfusion 99mTc - LYOMAA 140 1.1 E-01* 15.4
Lung ventilation 99mTc - TECHNEGAS 377 1.2E-02* 4.5
Angiocardiography 99mTc - pertechnetate 740 1.6 E-02* 11.8
Gastric motility studies 99mTc - DTPA 77 1.9 E-02/2.4 E-02**** 1.5-1.8
Thyroid metastases (after ablation) 131I 185 2.8 E-01 * 35.5
Ectopic gastric mucosa imaging (Meckel’s) 99mTc - pertechnetate 425 4.6 E-03* 2.0
Salivary gland scan 99mTc - pertechnetate 369 1.3E-02* 4.8
Testicular imaging 99mTc - pertechnetate 740 1.3E-02* 9.6
Bone marrow imaging 99mTc - NANOCIS 555 n/a ᴺ n/a 
Whole body imaging 131I - MIBG 36 1.4 E-01***** 5.0
Bleeding 99mTc - pyrophosphates 727 4.3E-03 - 4.9E-03* 3.1-3.6
* ICRP 128
** Normal uptake and excretion /High bone uptake and/or severely impaired kidney function; ICRP 128
*** Normal renal function/Abnormal renal function; ICRP 128
****Oral administration of fluids/Oral administration of solids; ICRP 128
° ICRP 80
ᴿ Radiopharmaceuticals manufacturer specification
ᵀ Effective dose calculated subtracting thyroid contribution
*****ICRP 60
ᴺ no conversion factor available for intravenous administration

Figure 2: ICRP publications 60, 80 and 128.


