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Abstract. Since a handful of years ago, international rules on Radiological Protection include the principle of 
optimization of given dose to patients, if this procedure doesn’t lessen diagnosis quality, and the establishment of 
reference levels of activity. For these reasons, the Radiological Protection staff of Cuban Institute of 
Nephrology’s Nuclear Medicine Service, where morphofunctional renal studies are carried out, 70% on infants 
and young children, started a research on that way. Thus, because their biggest incidence, 99mTc-DMSA renal 
gammagraphy studies were chosen, using a General Electric 400 AT Planar Gamma Camera. Studied sample 
was randomly selected, including adults (12 peoples) and children (23); divided into 4 groups, lessen given dose 
step by step. Other items were kept in mind in the research, such age, weight, time delayed between 
administrations and  image getting, getting time of each view and total time of the study, as well as 
radiopharmaceuticals quality and Gamma Camera performance. Image quality was evaluated for each case, 
using both, objective and subjective criteria. Objective evaluation was done by using contrast/noise ratios and 
variance of the random noise.  They were used to develop clustering and discriminant analysis over the 
independent variables to detect groups with differentiated image quality from the physical and mathematical 
point of view. Subjective evaluation was performed using the criteria of two expert observers who had no 
information about the activity levels used. They evaluated image quality separately, giving a good, regular or bad 
evaluation for each image. As a conclusion, we found that it is possible to reduce the given activities in 50% and 
thus, indirectly, to reduce doses for workers and for the public. Additionally, we propose a methodology for the 
establishment of reference levels for 99mTc-DMSA renal gammagraphy studies in Cuba, both, for adults and 
paediatric patients.  
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1. Introduction 
 
One of the ways to improve the radiation protection of patients in Nuclear Medicine (NM) is the 
optimization of the administered radionuclide activity and/or the establishment of activity reference 
levels for different clinical studies. Any method for the reduction of the administered activity to 
patients in NM is based on an adequate relationship between image quality and radiation protection, 
according to the principles of justification and optimization. [1]. 
 
Image quality is defined as such image which complies with all the requirements for a certain 
diagnosis. Image quality is better when we can easily extract all the diagnostic information contented 
in the image and needed for the emission of a diagnosis [2]. This can be quantify in terms of physical 
parameters, such as image contrast, random noise, special resolution, artifacts and distortion of 
medical images[3]. 
 
Since the start and evolution of digital processing of images and during the last years, many novel and 
accurate methodologies to determine image quality have been published. Those methodologies are 
based on the levels of random noise and image contrast, but also other combined new magnitudes have 
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been defined [4], such as the Contrasts / Noise Ratio (CNR). This magnitude is more useful than the 
traditional magnitude signal/noise, because on the determination of the surrounding objects, contrast 
differences are more important than the intensity characteristic of each one of them. 

The objective of this research is to propose national reference level values for the radionuclide activity 
of 99mTc-DMSA administered in Cuba. An optimization criteria was applied [5] to the radionuclide 
activity administered to patients getting static Renal Gammagraphy with 99mTc-DMSA. Image quality 
was evaluated using both subjective (experts' approach) and objective criteria (determination of the 
CNR and random noise dispersion present in the images), and a proposal was made based on these 
results.   

2.  Materials and Methods 

2.1  Study Sample  

A group of 35 patients selected at random, of  both sexes, was chosen among the patients remitted to 
the NM Service of the Cuban Nephrology Institute "Abelardo Buch López",  to be performed a renal 
morph functional Gammagraphy with 99mTc-DMSA. The group was integrated by 23 children (age 
range 3 months to 13 years, 66%); and 12 adults (age range 28 to 75 years, 34 %). 

The sample size responds to design of randomized research where the sample size Nc is 
calculated as: 

Nc  [( / E) x Z]      (2.0) 
Where:  

: Typical Deviation of the principal magnitude (Contrast/ Noise Ratios for each image) 
E: Previously fixed error (5%). 
Z: Percentile 95 corresponding in the line of the normal distribution [6, 7, 8]. 
 
In our research: Nc  21 
 

2.2  Research design  
 
The patients were randomly distributed in 4 groups, the group #1 (7 patients) received the 
99mTc-DMSA activity usually used in the service. The other 3 groups received reduced 
activities following recommendations found in literature [9, 10, 11]. The group #4 received de 
lower activity. An adequate count density, as well as examination times, lower than 30 
minutes, was guaranteed, in order to   avoid sensitive patient movements. 

2.3  Equipment and radiopharmaceutical 
 

Renal Gammagraphies (RG) were carried out in a Planar Gamma Camera, General Electric 400 AT, 
with general purpose parallel holes collimator.  The acquisition and processing of images was done 
with the software IMAGAMMA [12]. All patients received 99mTc-DMSA radiopharmaceutical (RF) 
produced by CENTIS (Isotopes Center of Cuba). 

2.4 Image acquisition Protocol  
 

The standard protocol being used in the service for renal static studies was followed: counts density of 
300 KC/ view images, matrix size 128 x128, Word mode, and patient positioned in decubitus supine.  
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Three different views were acquired: Posterior View (PV), Oblique Left View (OLV) and Oblique 
Right View (ORV). An Anterior View (AV) was also acquired in those patients with renal ectopic 
disease13. 

2.5 Variables considered in the study 
 
The variables included in the study were related to images quality: the administered activity to patients 
(AA, MBq), patients age (Y, years) and patients corporal weight (W, Kg), study total time (STT, 
min) and the radiopharmaceuticals quality (RQ, %).  

2.6  Image quality evaluation  

Image quality was evaluated both, subjectively and objectively. 

Subjective method: Two different observers evaluated image quality independently. The observers had 
not information about the activity administered to each patient to obtain the images. To perform the 
evaluation they analyzed all views obtained for each patient. 

Objective method: Evaluation of Contrast/Noise Ratios (CNR) and variance of distribution of the 
random noise present in the images was performed 4, 14]. With the values obtained a conglomerates 
technique was applied [15,6] to determinate if the were statistical difference in the image quality 
related to the activity administered to different patient groups. A discriminating lineal analysis [12, 13] 
was applied in order to identify, among all the dependent variables, those with influence in image 
quality according to the statistical weight that they received. 

2.7 Image quality mathematical implementation   

The software MATLAB version 7.0 was used for the quantitative analysis of image quality. The 
Variance in the distribution of the random noise (σ2 R) and the Contrast/Noise Ratios (CNR) were 
calculated using the posterior view. 
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Where:                       
x : Average value of pixels in the region of interest selected (ROIs).  
σR Standard deviation of the same image or ROIs which represents the level of random noise. 

ROIs of 30 x 30 pixels were drawn in areas with homogeneous radiopharmaceutical distribution of the 
(outside the pathological areas). Activity profiles were obtained in those ROIs to know the behavior of 
the random noise.  

2.8 Optimization criteria  

The software SPSS, version 11.5 was used to apply the conglomerates and discriminating analysis 
techniques. As independent variables the following were used in both techniques: patients age, 
patients corporal weight, administered activity, study total time and radiopharmaceutical quality; and 
as classification variables: the Contrast/Noise Ratios and the Variance of the random noise. 

The optimization criteria followed consisted in electing  as the reference level the lower administered 
activity which was in coincidence with conglomerates of cases with best image quality [16]. 
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3. Results and discussion 
 
The Table I shows the values of all the variables included in this research. 
 

Table I.  Main parameters evaluated in the research. 

 
 
Legend: 
 
Group 1: Patient 1 to 7. 
Group 2: Patient 8 to 18. 
Group 3: Patient 19 to 27. 
Group 4: Patient 28 to 35. 
Y:  Patient's age (in years) 
W: Patient's weigh (in Kg). 
AA: radionuclide activity administered to the patient (in MBq). 
STT: Study total time (in min). 
RQ: Radiopharmaceutical quality (in %). 
CNR: Contrast/Noise Ratios (in dB). 
σ2 R: Variance of the random noise. 

Group/Pac 
# 

Y 
 (years) 

W  
(Kg) 

AA 
 (MBq) 

STT 
 (min) 

RQ 
% 

CNR 
(dB) 

σ2 R 

1.  47 65,5 290,45 15 97 15,14 2,21 
2.  10 33 260,85 15 97 14,68 2,46 
3.  4 15,8 256,78 14 97 12,91 2,67 
4.  0.75 10 248,27 14 97 9,4 2,45 
5.  0.25 6,2 233,84 15 97 11,18 3,33 
6.  59 72,2 229,77 17 97 7,16 3,67 

I. 

7.  0.33 6,6 224,96 14 97 9,6 3,89 
8.  1.5 8,5 186,11 20 96,5 13,31 3,69 
9.  4 17,8 180,19 20 96,5 15,87 1,84 
10.  50 87,5 166,5 20 96,5 13,57 3,12 
11.  52 70 164,28 20 96,5 14,37 2,83 
12.  0.58 8,5 160,21 15 96,5 13,71 2,75 
13.  29 70 159,1 19 96,5 14,45 2,9 
14.  75 47 158,36 19 96,5 14,74 2,44 
15.  28 63,5 158,36 20 96,5 14,65 2,52 
16.  72 75,5 157,99 30 96,5 13,12 2,26 
17.  33 80 152,44 19 96,5 10,28 4,6 

II.  

18.  2 12 151,7 16 96,5 13,12 2,5 
19.  9 29,5 143,93 17 98 14,45 1,86 
20.  0.75 7 140,6 19 98 15,15 1,75 
21.  9 43 140,6 20 98 13,95 1,97 
22.  30 84 140,6 25 98 15,5 1,68 
23.  56 77,2 133,57 17 98 8,73 3,91 
24.  13 49 128,03 25 98 13,73 3,22 
25.  39 71 119,88 20 98 15,26 2,14 
26.  9 28 118,4 20 98 11,66 3,13 

III. 

27.  0.58 9 114,7 19 98 13,06 2,95 
28.  3 13 107,67 22 97,4 12,52 2,72 
29.  4 15,5 107,3 18 97,4 13,04 2,78 
30.  6 30 104,71 21 97,4 11,06 2,33 
31.  7 35 102,86 19 97,4 13,78 2,81 
32.  2 11 97,68 30 97,4 11,58 3,44 
33.  12 50 93,24 19 97,4 13,62 2,55 
34.  3 19 86,21 18 97,4 10,92 3,76 

IV.  

35.  0.4 8,7 84 23 97,4 11,4 4,31 
Min. 0,25 6,2 84 14 96,5 7,16 1,68 
Max. 75 87,5 290,45 30 98 15,87 4,6 

Average ± σ 19,2±22,94 38,0±27,97 157,2±54,18 19,3±3,88 97,2±0,59 12,9±2,09 2,8±0,73 
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3.1 Image qualitative evaluation  
 

The whole sample was considered to have good image quality according to the criteria of two 
observers. For the entire exam even for those with the lowest administered activity to the patients, it 
was possible to emit a diagnostic report as a result of the observation of the gammagraphic images 
obtained. None of the experts noticed any difference in image quality among the images analyzed. 

Figures 1-4 show the images of the posterior view corresponding to one patient of each group. 

Good definition of the renal area, good image contrast and low level of random noise are observed in 
all images. So, all the activities administered to patients of different ages were enough to produce 
images with good quality [20, 17, 11].  

                           Figure 1.                          Figure 2. 
(RG 99mTc-DMSA PV adult 57 years old)              (RG 99mTc-DMSA PV child 12 years old)  

 

     

 

 
                 

                         
                         Figure 3.                Figure 4. 
        (RG 99mTc-DMSA PV child 9 years old)        (RG 99mTc-DMSA PV child 12 years old) 
 
 
 
 
 

 
 
 

 

3.2 Analysis of the behavior of administered activity 
 

The Graph 1 shows that, at the beginning of that job, the activity administered to the patients 
(249 MBq average and 290 MBq maximum valued) were higher that the recommended values 
in the BSS [6] and in the Cuban Standards (NC) [15]; as well as the national orientative level 
(OL) proposed for this examination [16]. 
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Graph 1. Radionuclide activity administered behavior in the 4 groups of patients. 

 
 

 
 

3.3 Images quantitative evaluation  
 

The results of images quantitative evaluation in terms of the Contrast/Noise Ratios are given in the 
Table II. The obtained values are in agreement with those reported in the scientific literature as 
appropriate values to guarantee good image quality, even for the lowest radionuclide administered 
activities [4, 11]. 

Table II. Comparison of average, min and max values of CNR (dB) in the total sample and for 
groups. 

CNR (dB) Total sample Group 1 Group 2 Group 3 Group 4 
Average 12,87 ± 2,09 11,40±2,95 13,70±1,42 13,50±2,16 12,20±1,15 

Min 7,16 7,16 10,30 8,70 10,90 
Max 15,87 15,10 15,87 15,50 13,80 

Non significant differences were appreciated in the Contrast/Noise Ratios among the 4 groups 
analyzed globally, (non parametric test Kruskall Wallis, χ2= 7.118, p = 0.068) for 95% of confidence). 
Table III shows the average, minimum and maximum values of Variance of random noise (σ2R) for 
the whole sample and for groups. The narrow dispersion curves obtained mean that the noise levels 
present in the images do not affect the appropriate detection of lesions for all the activity groups [15, 
16]. 

Table III. Comparison of the average, min and max values of the Variance of the random noise (σ2R) 
in the whole sample and for groups. 

 
σ2R 

 
whole sample Group 1 Group 2 Group 3 Grupo 4 

Average ± σ 2,80 ± 0,73 3,00±0,67 2,90±0,75 2,50±0,80 3,10±0,68 

Min 1,68 2,21 1,84 1,68 2,33 

Max 4,60 3,89 4,60 3,91 4,31 

Activity reduction 
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3.4 Results with the conglomerates and discriminating analysis techniques  
 

Conglomerates techniques were used to determine if there were significant differences among the 
image quality values, in relation with some of the measured variables.  Four hierarchical 
conglomerates of lightly differentiated image were obtained. They were classified considering the 
CNR (dB) as the variable which determines image quality. 

Next following table shows the distribution of all cases among the 4 conglomerates, according to the 
values CNR. 
 

Table IV. Value of CNR (dB) for the cases belonging to each conglomerate. 

CNR (dB)  
Conglomerate 1 

CNR (dB)  
Conglomerate 2 

CNR(dB)  
Conglomerate 3 

CNR(dB)  
Conglomerate 4 

15,14 7,16 13,31 11,18 
14,68 8,73 13,57 9,6 
15,87  13,71 9,4 
14,37  13,12 10,28 
14,45  12,91 11,66 
14,74  13,12 11,06 
14,65  13,95 11,58 
14,45  13,73 10,92 
15,15  13,06 11,4 
15,5  12,52  

15,26  13,04  
  13,78  
  13,62  

 

The best image quality is found in conglomerate #1, as it includes the cases with higher values of CNR 
(dB).  

When the ANOVA analysis was carried out, a value of p=0 was obtained, which demonstrates that 
there are really significant statistical differences among the 4 conglomerates. However, these 
differences do not appear to be in relation with the administered activity, since there are patients from 
different activity groups distributed among the conglomerates. So then, what is the reason for these 
differences of images quality found in the conglomerates and not seen by the experts?  

The following table shows the results of the discriminating analysis applied to the analyzed variables: 

Table V.  Significance of the discrimination 

Variables Significance 
(p) 

A (Age) 0.005 

W (Corporal Weigh ) 0.020 

AA (Administered Activity) 0.509 

STT (Study Total Time) 0.826 

RQ (Radiopharmaceutical Quality) 0.878 

 

Only Age and the patient's corporal Weight have some kind of significance. The administered activity, 
the study total time and the Radiopharmaceutical Quality had not significance in the classification of 
studies in the different groups, according to the values of Contrast/Noise Ratios. This result, 
demonstrated that decreasing the activity to the level used in this research had not incidence on image 
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quality, in terms of Contrast/Noise Ratios for the 4 conglomerates, those allowing for the optimization 
of activity levels. 

Three discriminating lineal functions of image quality were built from the 4 conglomerates for 
the variables: 

             TTSAARQWACNR 154.0236.0072.0588.0708.01             (2.3) 

             TTSAARQWACNR 203.0445.0542.0567.0319.02             (2.4) 

            TTSAARQWACNR 389.0714.0211.0499.0428.03            (2.5) 

Biggest absolute positive correlations of variables with respect to any of the functions were 
observed for the discriminating function 1 in combination with the variables Age and 
Corporal Weight. The values of Person coefficients were r=0.708 and r=0.588, respectively. 
Nevertheless, just the 45.7% of cases was correctly classified as part of the conglomerates in 
combination with these variables. This classification percentage was less than 75%, which 
means that the classification done with these variables was not enough [13, 7, 8]. 

The group of independent variables analyzed during this investigation was not enough to 
create conglomerates with differenced image quality characteristics in terms of RCN. On the 
other hand, the variables Age and Corporal Weight showed more influence on the 
classification. Then, it should be expected that the created conglomerates, which were not 
appreciated during the visual evaluation done by the experts (but were confirmed 
quantitatively, those demonstrating the bigger sensibility of the discriminating method with 
respect to the subjective evaluation) were created as a consequence of another important 
factor included on the studies, but unfortunately, not introduced as an independent variable in 
the experimental design of this research. [13].  

Medical variables, such as “Type and Grade of patient pathology” were not included as 
independent variables in our research. Although it is well known that these variables could 
determine the image pattern obtained [18, 19, 20 ], (according to the results of this research, 
they presumably determined the different levels of RCN obtained), they are not dependent of 
the administered activity, so this analysis is out of the scope of the present study.  

3.5 Proposal for Reference Levels of Administered Activity in RG studies of using Cuban  

    99mTc-DMSA. 
 
Having executed an extensive revision of the state of the art in this thematic, taking into 
account the results obtained in the present research, and considering the following aspects: 
 

1. The clinical images obtained were considered to have adequate image quality, 
considering both objective and subjective independent evaluations, even for those 
images obtained with the lowest activity levels. 

2. Comparing Cuban Nuclear Medicine services characteristics with respect to the 
service used to develop the present research, they all have similar equipment, use the 
same nationally manufactured radiopharmaceutical, have qualified personnel and 
provide healthcare to a patient population of similar characteristics.  

3. The lowest value of activity for an adult patient was 119.88 MBq, and this case was 
classified, according the conglomerates analysis, in the group with best image quality 

4. The majority of adult studies were classified in the 2 conglomerates of better image 
quality, independently of the administered activity.  
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5. For the pediatric patients included, due to the great variability in terms of Age and 
Corporal Weight of the sample, the diversity of pathologies included, as well as the 
relative reduced sample size, the obtained results were not as evident as they were for 
adult patients. However, we can make some recommendations.  

6. The lowest activity of 99mTc-DMSA given to a pediatric patient in the sample was 84 
MBq, and the corresponding ratio Contrast/Noise, although was not classified in the 
conglomerates of better image quality, was still enough to guaranty sufficient image 
quality for diagnosis, both from the objective and subjective evaluation.  

7. The majority of pediatric studies were classified in the conglomerates 3 and 4 (second 
and third places with respect to image quality). 

 
Taking into account all the previous comments, we propose the following: 
 
 To assume as Reference Level of Administered Activity in RG studies using 

99mTc-DMSA for adult patients, the value of 120 MBq (the nearest whole number 
to 119.88) 

 To calculate the Administered Activity for children using the equation based on 
the corporal surface criteria [7] (considering Aadult=120 MBq) or the equation 
based on the Swedish Renal Model, as convenient. This election of the equation 
will depend on the particularities of each hospital, but they both offered the similar 
results. Any of these variables will allow administering doses lower than 84 MBq 
for small children], guarantying enough image quality for diagnosis in terms of 
counts density, and decreasing the radiological risks.  

 
4.  Conclusions 
 

1. Image Quality of RG studies using 99mTc-DMSA analyzed in this research was 
evaluated in terms of Contrast/Noise Ratio, and was only influenced by the physical-
metabolic patient characteristics, and presumably, by the type and grade of patient 
pathologies. This allows us to infer that the administered activity to patients could be 
decreased without loosing sensible diagnostic information, those improving the 
radiological protection of patients.  

2. Activity levels administered to patients who were performed renal gammagraphy 
studies using 99mTc-DMSA, were decreased by more than a 50%, depending on the 
Age, without loosing diagnostic quality or producing a significant increase of the 
time required for the clinical study. 

3. The applied method for activity optimization, which was based on the combined use 
of conglomerates techniques and lineal discriminating analysis, scientifically 
demonstrated the possibilities for decreasing the actual activity levels administered 
to patients in RG studies using 99mTc-DMSA in the country. At the same time, the 
methodology demonstrated its power to detect and weigh the influence of each 
analyzed variable statistically.  

4. From the obtained results, we proposed as National Reference Level of 
Administered Activity for RG studies using 99mTc-DMSA for adult patients the 
value of 120 MBq. For pediatric patients, the proposal is to calculate the 
administered activity using the Corporal Surface Criteria or the Swedish Renal 
Model.    
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