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Abstract. Nuclear medicine procedures have carried out in the Clinical Center of Montenegro – Podgorica since 
2006 by the dual-headed SPECT and Digital gamma camera NUCLINE Spirit DH-V. In the first six months of the 
gamma camera use (from September 2006 to March 2007) examinations of skeleton, kidneys, thyroid and lung 
were performed. For diagnostic skeletal imaging (102 patients) the radiopharmaceutical 99mTc-MDP is used, and 
administered activities were in the range from 555 to 740 MBq. For thyroid imaging (203 patients) 99mTc-
pertechnetate is used, and administered activities were in the range (37-111) MBq. Lung imaging is performed for 
3 patients, using 99mTc-MAA and administered activities in the range (111-185) MBq. Renal imaging is carried out 
for 72 patients: 42 dynamic studies of kidneys were performed with 99mTc-DTPA and administered activities from 
207 to 282 MBq, and 30 static kidneys scintigraphies were performed using the radiopharmaceutical 99mTc-
DMSA. 6 patients in the last mentioned group were children with year of birth between 2000 and 2006, and 
administered activities were from 16.6 to 55.5 MBq. In the same group, activities 28.5 MBq, 74.4 MBq and 120 
MBq were administered to three patients with age between 6 and 18 years, and in the other cases, administered 
activities to the patients (adults) were in the range (59.2 to 196) MBq. The administered activities presented here 
are basis for further estimations of cumulated activity and absorbed dose to the various organs, which is useful for 
comparison of the average dose to patient organs in various nuclear medicine procedures and calculation of 
effective dose equivalent and total effective dose, significant for an estimation of potential risk due to the 
radioactivity administered to a patient during nuclear medicine procedures. It is very important for procedures 
optimization and improvement of the radiation protection.  
 
KEYWORDS: nuclear medicine; gamma camera; radiopharmaceutical activities.  
 
1. Introduction 
 
Radionuclide imaging is one of the most important applications of radioactivity in nuclear medicine. Its 
purpose is to obtain a picture of the distribution of a radioactively labelled substance within the body 
after it has been administered to a patient. This is accomplished by detecting the emissions from the 
radioactivity with external radiation detectors placed at different locations outside the patient. The 
gamma camera is the most widely used nuclear-imaging instrument for such clinical applications, 
because of a balance of image quality, detection efficiency, and ease of use in a hospital environment 
[1]. 
 
As it is well known, absorption of ionizing radiation energy can cause damage to living tissues, which is 
used to advantage in radionuclide therapy, but it is a limitation for diagnostic applications due to a 
potential hazard for the patient. Therefore, it is necessary to know amount of radiopharmaceutical 
activity administered to a patient during nuclear medicine diagnostic procedures, as well as to analyze 
the radiation energy deposited in the organs (i.e., the energy distribution in body tissues) to assess 
potential risks. 
 
In Montenegro - one of the Western Balkan countries, with an area of 13 812 km2 and population of 620 
527 [2], nuclear medicine procedures have carried out since 2006 (by the dual-headed SPECT and 
Digital gamma camera NUCLINE Spirit DH-V) in one center: the Clinical Center in Podgorica - the 
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capital of Montenegro. In the first six months of the gamma camera use (from September 2006 to March 
2007), examinations of skeleton, kidneys, thyroid and lung were performed. Radiopharmaceutical 
activities administered to the patients during these diagnostic procedures are presented here.  
 
2. Gamma camera in the Clinical center of Montenegro  
 
Dual-headed SPECT and Digital gamma camera NUCLINE Spirit DH-V (Fig. 1) - Mediso, Hungary, 
has used in the Department of Nuclear Medicine of the Clinical Center of Montenegro since 
September 2006. 
 
Figure 1: Gamma camera in the Clinical Center of Montenegro  
 

 
 

This gamma camera (NaI(Tl) crystal thickness: 9.5 mm) is completely digital in the sense that the 
output of each photomultiplier tube is directly digitized by an analog-to-digital converter (ADC). 
Large numbers of events are required to form an interpretable image because each pixel must have a 
sufficient number of counts to achieve an acceptable signal-to-noise level. Since images are formed in 
64 x 64-pixel, the counting requirements are some 103 times higher than for a simple counting detector 
[1]. 
 
In standardized experimental protocol for measuring gamma camera performance, based on the 
recommendations of the National Electrical Manufacturers Association (NEMA) [3], the gamma 
camera technical specification is confirmed, i.e.,  
 
(1) Intrinsic energy resolution (for 99mTc, i.e., at the 140 keV): ≤ 9.70%.  
 
(2) Intrinsic spatial resolution, measured with 99mTc,  

FWHM (the full width at half maximum):  
CFOV (the central field-of view) ≤ 3.60 mm,  
UFOV (the useful field-of view) ≤ 3.70 mm;   
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FWTM (the full width at tenth maximum): 
CFOV ≤ 7.20 mm,  
UFOV ≤ 7.40 mm;  

FWHM and FWTM of the profiles are measured in both X and Y directions. 
 
(3) Intrinsic spatial linearity, 

Absolute: 
CFOV ≤ 0.38 mm,  
UFOV ≤ 0.40 mm; 

Differential:  
CFOV ≤ 0.18 mm,  
UFOV ≤ 0.20 mm.  

 
(4) Intrinsic flood-field uniformity,  

Differential: 
CFOV ≤ 1.9%,  
UFOV ≤ 2.4%;  

Integral:  
CFOV ≤ 2.4%,  
UFOV ≤ 2.9%.  

 
Besides static imaging studies, in which an image of an unchanging radionuclide distribution can be 
recorded over an extended imaging time, this gamma camera can be used for dynamic imaging 
studies, as well as in clinically important whole-body studies, including bone scans of the skeleton, 
thyroid, lung, and the localization of tumours and their metastases in the body, etc. It is important to 
point out that the camera can be synchronized to electrocardiogram signals, permitting images of the 
heart in different phases of the cardiac cycle to be formed, which provides important information on 
cardiac function. 

3. Radiopharmaceutical activities administered for diagnostic procedures in the first six months 
of the gamma camera use in the Clinical Center of Montenegro 

As it is mentioned previously, in the first six months of the gamma camera use in the Clinical Center 
of Montenegro – Podgorica, examinations of skeleton, kidneys, thyroid and lung were performed. In 
all cases, the radionuclide 99mTc is used. It has half-life of 6.01 h, and γ-ray of the 140.511 keV, 
(intensity: 89%) [4], which is detected by the gamma camera. Chemical forms of the 
radiopharmaceuticals are presented in Table 1. Ranges of radiopharmaceutical activities administered 
to the patients during abovementioned diagnostic procedures are also given in Table 1, as well as an 
average administered activity. 
 
As it can be seen from Table 1, maximum average administered activity (690 MBq) is related to bone 
scintigraphy (diagnostic skeletal imaging) where 99mTc-MDP (Methylene-diphosphonic acid) is used. 
The administration was intravenous injection, and all patients were adults, as well as in the case of 
thyroid imaging with 99mTc pertechnetate, and lung imaging with 99mTc-MAA (Macroaggregated 
albumin). 
 
By mixing DTPA (Diethylenetriamino pentaacetic acid) in vivo kit and 99mTc-pertechnetate eluate 
(gained from the 99Mo-99mTc isotope generator), the 99mTc-DTPA injection for diagnostic use has been 
prepared on the place and used for dynamic studies of kidneys (renal function) of 42 patients (adults). 
The average administered activity was 251 MBq (corresponding reference administered activity for 
this diagnostic procedure is 350 MBq [5]). The first our estimation of internal radiation dose was 
performed for activities administered in this nuclear medicine procedure [6]. 
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Table 1: Radiopharmaceutical activities administered to the patients during diagnostic procedures in 
the first six months of the gamma camera use in the Clinical Center of Montenegro. 
 

Test Radionuclide Chemical form Number of 
patients 

Range of 
administered 

activities 
(MBq) 

Average 
administered 

activity 
 (MBq) 

Skeleton 99mTc MDP 102 555-740 690 
Thyroid 99mTc pertechnetate 203 37-111 98 

Lung 99mTc MAA 3 111-185 152 
Dynamic 
study of 
kidneys 

99mTc DTPA 42 207-282 251 

Static kidneys 
scintigraphy 

99mTc DMSA 30 16.6-196 104 

 

The radiopharmaceutical 99mTc-DMSA (Dimercaptosuccinic acid) used in the static kidneys imaging 
by the NUCLINE Spirit (DH-V) gamma camera in the Clinical Center of Montenegro was prepared on 
the location of use (the Clinical laboratory) by mixing the DMSA in vivo kit and 99mTc-pertechnetate 
eluate. This nuclear medicine procedure will be given in some details. 

3.1 Some information about static kidneys scintigraphy in the Clinical Center of Montenegro  

As it is presented in Table 1, in the first six months of the dual headed gamma camera use in the 
Clinical Center of Montenegro – Podgorica, static kidneys imaging was performed 30 times, using 
intravenously injected radiopharmaceutical 99mTc-DMSA. In all cases, imaging is started 
approximately 2 hours after an administration, which is in accordance with recommendations given in 
[7]. Years of birth of the patients, as well as amounts of administered activities are presented in Table 
2 (the average administered activity: 104 MBq).  
 
Since 1 hour after administration (25-35)% of the 99mTc-DMSA activity is localized to the kidneys, 
while after 3 hours (40-50)% (on the base of the 99mTc-DMSA pharmacokinetic properties [7]), 
activities localized to the kidneys 1 and 3 hours after administration of 99mTc-DMSA are also 
presented in Table 2, assuming that those amounts are 35% and 50% of an administered activity, 
respectively.  
 
For examined adults (older than 18 years) the range of the administered activities was from 59.2 to 
196 MBq. In this group, the average administered activity was 129 MBq (reference administered 
activity: 160 MBq [5]). Maximum activity localized to the kidneys 3 hours after administration did not 
exceed 98 MBq. 
 
From the data in Table 2 it can be also seen that 6 of all examined patients were children with year of 
birth between 2000 and 2006. Activities in the range from 16.6 to 55.5 MBq have been administered 
to the patients from this group. These values are calculated as a percentage of an adult required 
activity in dependence on child age (and body weight as well). Additionally, in the case of three 
patients with age between 6 and 18 years administered activities were 28.5 MBq, 74.4 MBq and 120 
MBq. 
 
Administered activities presented here are a basis for further analyses (related to radiation doses and 
radiation protection). Absorbed dose to the kidneys for an adult subject estimated in [8] as 0.19 
mGy/MBq (for intravenous administration of 99mTc-DMSA) can be taken into consideration as an 
illustration. Thus, absorbed dose to the kidneys following the 196 MBq - 99mTc-DMSA injection (as 
maximum one in the discussed case) is 37.2 mGy. This radiation dose is delivered to the kidneys as a 
target organ from all source organs in the body. However, on the base of pharmacokinetic properties 
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of 99mTc-DMSA and corresponding calculations for abovementioned administered activity, it can be 
concluded that the most important contributor to radiation dose (to the kidneys) is activity cumulated 
within the kidneys themselves. 
 
Table 2: Static kidneys scintigraphies in the first six months of the gamma camera use in the Clinical 
Center of Montenegro. 
 

Patient Year of birth Administered 
activity 

(MBq) 

Activity localized 
to the kidneys 1 

hour after 
administration 

(MBq) 

Activity 
localized to the 
kidneys 3 hours 

after 
administration 

(MBq) 
1 1943 150 52.5 75 
2 1972 148 51.8 74 
3 1984 133 46.5 66.5 
4 1963 148 51.8 74 
5 1940 116 40.6 58 
6 1973 119 41.6 59.5 
7 1967 122 42.7 61 
8 1969 116 40.6 58 
9 1949 137 47.9 68.5 

10 1934 134 46.9 67 
11 1953 138 48.3 69 
12 1953 111 38.8 55.5 
13 1963 147 51.4 73.5 
14 2000 43.3 15.1 21.6 
15 1971 124 43.4 62 
16 1947 125 43.7 62.5 
17 2003 55.5 19.4 27.7 
18 1936 74.4 26 37.2 
19 1965 59.2 20.7 29.6 
20 2004 22.2 7.7 11.1 
21 2003 29.6 10.4 14.8 
22 1938 196 68.6 98 
23 1994 120 42 60 
24 1940 83.2 29.1 41.6 
25 1999 74.4 26 37.2 
26 1952 174.3 61 87.1 
27 1934 151 52.8 75.5 
28 1996 28.5 9.9 14.2 
29 2006 16.6 5.8 8.3 
30 2002 25.9 9.1 12.9 

 
 
4. Conclusion 
 
The radiopharmaceutical activities administered to the patients during diagnostic nuclear medicine 
procedures (using dual-headed SPECT and Digital gamma camera NUCLINE Spirit DH-V) in the 
Clinical Center of Montenegro – Podgorica are basis for further estimations of cumulated activity and 
absorbed dose to the patient organs, taking into account pharmacokinetic properties of applied 
radiopharmaceuticals. Those estimations are useful for comparing the average dose to various organs 
in patients for various nuclear medicine procedures, and necessary for the calculation of effective dose 
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equivalent and total effective dose, significant for an estimation of potential risk due to the 
administration of the radioactivity to a patient. By reason of both procedures optimization (and then a 
better radiation protection of patients) and a national survey (and various studies related to national 
trends as well), this data collection will be continued. 
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