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ABSTRACT 
 
The functional imaging technique Positron Emission Tomography (PET) using the radiopharmaceutical 
fluorodeoxiglucose (18F-FDG) has been demonstrated an important role in the diagnosis and staging of cancer 
tumors. However, the standard uptake values (SUV) quantification of a “lesion” or a hot spot is influenced by 
partial volume effects (PVE). This is particularly important for evaluating solid tumour response to therapy, 
where SUV quantification could indicate treatment efficiency. The objective of this study was to evaluate the 
efficiency of 18F-FDG uptake correction in two image quantification modes (SUVmaximum and SUVmedium) 
through recovery coefficients (RC) application. The NEMA/IEC Body Phantom simulator was used and tested 
for an activity ratio lesion to background of 4:1, and at different acquisition times. The images quantification 
was performed with OsiriX® software. The obtained RCs were applied to the phantom images. The obtained 
SUVmedium values corrected by RCs presented satisfactory results, demonstrating small differences (1.1% a 
2.3%) in relation to previously known SUVreference values. This did not occur for corrected SUVmaximum 
values where differences of up to 27.0% were observed between these and SUVreference values. These results 
demonstrate that the PVE correction by SUVmedium can more adequate to evaluate tumor’s uptake. Therefore, 
this parameter should be used for equipment quality control in order to evaluate the response and degree of 
agreement between equipments. 
 
 

 
1. INTRODUCTION 

 
The functional imaging technique Positron Emission Tomography (PET) using the 
radiopharmaceutical fluorodeoxiglucose (18F-FDG) has been demonstrated an important role 
in the diagnosis and staging of cancer tumors [1]. Beyond of visual clinical analysis the 
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images allow too that clinical diagnosis is made through. Beside the visual clinical 
interpretation PET image also allows that clinical diagnosis is evaluated by semi-
quantification tool nominated standard uptake value (SUV). However, the standard uptake 
values (SUV) quantification of a “lesion” or a hot spot is influenced by partial volume effects 
(PVEs) [2]. Due to this and other factors that influence the quantification of the SUV, this 
tool has already been called “silly useless value” [3]. This designation is partly justified by 
the lack of standardization of procedures that makes the results not directly related between 
different devices or clinics [4]. Although, in clinical practice, the SUV is an adequate tool for 
image interpretation [5, 6] to evaluate solid tumor response to therapy [7], gastrointestinal 
tumors and lymphoma resettling [8,9]; it is important that standardized techniques and 
procedures be established in the future to reduce variation in quantification, with the intention 
of producing comparable results. 

 
The obtainment of correction methods called recovery coefficients (RC) proposed by 
international recommendation such as National Electrical Manufacturers Association 
(NEMA) and International Electrotechnical Commission (IEC) is essential to correct and 
obtain a reliable SUV value taking into account parameters such as size and shape of the 
lesion in the estimation, acquisition time, patient weight and the different correction methods 
proposed. The objective of this study is to obtain the RC and apply them to the correction of 
SUVmaximum and SUVmedium and to evaluate their efficacy. In this way, it’ll be possible 
to evaluate this method to contribute to the quality control of the equipment and in the future 
to standardize the results between different equipments. 
 
 

2. MATERIALS AND METHODS 
 
2.1. PET/CT equipment  

Equipment PET/CT Discovery 690® - General Electric (GE) was used in this study. The 
characteristics of the equipment are shown in Table 1. 
 

Table 1: Characteristic of the PET/CT 
 
Diameter of gantry (cm) 70  Field of view transaxial (cm) 70  
Detector crystal LYSO Field of view axial (cm) 15.7  
Number of blocks 256 Slice thickness (mm) 3.27  
Dimensions of crystal: 
transaxial x axial x radial 
(mm) 

 
4.2 x 6.3 x 25 

 
Number of slice 

 
47 

Number of detectors rings  24 Coincidence window (ns) 4.9  
Diameter of rings (cm) 81 Temporal resolution (ns) 10  
Spatial resolution (mm) 4.9 a 6.43 Energy window (keV) 358-664 
CT multislice (canais) 64  CT – scout (kVp) 

         
120  
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2.2. NEMA/IEC Body Phantom 
 
The simulator NEMA/IEC Body Phantom model ECT/IEC-BODY/P NEMA was used in this 
study. This simulator is composed of three structures: simulator body; top cap containing 
internal spheres of different diameters simulating "hot spots" (tumors) and "cold spots" areas 
and an inner cylinder, which simulates the lung. The simulator body comprises the simulator 
as a whole, constituting an object that simulates a portion of the thorax and has a total volume 
of 10.0 L. The lid has six fillable spherical compartments with diameters of 10, 13, 17, 22, 28 
and 37 mm. The corresponding volumes are: 0.52; 1.15; 2.57; 5.57; 11.49 and 26.52 mL, 
respectively. The four smaller spheres are filled with radioactive material while the larger 
ones are filled with water. The central inner cylinder simulates the lung filled with water or 
with material equivalent to lung density. The cylinder is filled through an upper lid and its 
total volume is 273.0 mL. 

 
2.3. Measurements procedures using the simulator  
 
18F-FDG radiopharmaceutical was used to perform the tests and was provided by the Unidade 
de Pesquisa e Produção de Radiofármacos do Centro de Desenvolvimento da Tecnologia 
Nuclear (UPPR/CDTN) of Belo Horizonte-MG. 18F-FDG activity inserted in the simulator 
was diluted take account 370 MBq for patient reference of 70 kg, as they are also provided 
the doses from the production center. The activity concentration was 5.3 MBq/kg or 0.143 
mCi/kg; considering the density of the body as water, 1kg/L. Activity concentration of 5.3 
MBq/kg in the body of the simulators (BG) and concentrations 4 times higher than the 
background (BG) or activity concentration in phantom body (4:1) in the compartments 
simulating spherical hot spots (tumors) of the simulator were inserted. Acquisitions with 
standard whole body exams clinical protocol were made to obtain the recovery coefficients 
(RC), noting that acquisitions at different times were carried out in sequence. 
 
 
2.4. Acquisition protocol 
 
Computed tomography (CT) acquisition was performed with scout of 120 kVp and 10 mAs. 
The attenuation correction was performed on all measurements through CT transmission 
acquisitions. Other corrections normally applied were performed: dead time, scattering and 
random events, normalization. Emission acquisition was performed in 3D mode, with 
time/bed of 1.5 minutes. Being the axial field of view (FOV) of the equipment of 15.7 cm, 
the acquisitions with the simulator were performed in two steps or 2 beds, since it has a 
longer length than axial FOV. Acquisitions were made in 192 x 192 matrices and the pixel 
size was 3.75 mm. All images were reconstructed by Ordered Subset Expectation 
Maximization (OSEM) method with 4 iterations and 24 subsets. 
 
 
2.5. OsiriX software 
 
OsiriX 32-bit is a software for processing, visualization and analysis of images Digital 
Imaging and Communications in Medicine (DICOM) produced by various equipments, 
including PET. OsiriX was used because it allows analyzing accurately the images, not 
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interfering in the results obtained by the equipment in terms of SUVmaximum and maximum 
concentration of the radiopharmaceutical (kBq/mL). It avoids the need to analyze the images 
in the PET workstation, which can harm the clinical routine service. ROI demarcations were 
made on CT images, due to the better spatial resolution of this equipment, less than 1 mm. 
Subsequently ROIs were saved and stored to be applied to PET images. 
 
 
2.6. Recovery coefficients (RC) 
 
RC is intended to correct the radiopharmaceutical uptake values that are influenced by factors 
such as PVE. RC were estimated as suggested by the NEMA 2002 [10] and IEC 1998 [11] 
standard using equation 1. Measurements were made in the spherical ROIs in five slices; a 
central section and two above and two below the center. 
 

                                                 RC =
ACL − ACBG

ACC − ACCBG

                                                        (1) 

 
Where: 
 
RC - Recovery concentration for a ROI; 
ACL - Radiopharmaceutical activity concentration measured in the region of interest (Bq/mL); 
ACBG - Radiopharmaceutical activity concentration measured in the region of interest of BG 
(Bq/mL); 
ACc - Radiopharmaceutical activity concentration inserted in the ROI previously known 
(Bq/mL); 
ACcBG – Radiopharmaceutical activity concentration inserted in the ROI (BG) previously 
known (Bq/mL); 
 
Five ROIs in each of the "hot spot" spherical areas were designed. For the evaluation of the 
BG 12 ROIs of the same diameter of each spherical area in the "cold spot" (BG) ROIs were 
demarcated for each diameter of the spheres. This procedure was also performed on the same 
five slices for a total of 60 demarcated BG ROIs as show in Fig. 1. Thus, data related to 
maximum and mean concentration (kBq/mL) and SUVmaximum and SUVmedium were 
obtained. 
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"

O simulador deve ser posicionado axialmente no scanner, onde o centro dos 

compartimentos esféricos coincida com o centro do scanner.  O cilindro utilizado 

para o teste de fração espalhada deve ser colocado junto ao simulador de corpo 

inteiro de forma a representar uma atividade fora do campo de visão, conforme uma 

situação clínica. As imagens devem ser reconstruídas de acordo com os protocolos 

próprios de cada equipamento e os parâmetros de reconstrução devem ser 

registrados. 

 

A análise das imagens compreende a inserção de ROI na imagem reconstruída de 

acordo com o diâmetro interno das regiões de interesse esféricas conforme Figura 19. 

Para avaliação da variabilidade do BG, 12 ROIs do mesmo diâmetro das áreas de 

captação esféricas são inseridas em cinco cortes do simulador, perfazendo um total 

de 60 ROI; sendo que, nenhuma das ROI deve estar tão próxima da borda do 

simulador quanto 15 mm. 

"

Figura 19. ROIs referentes aos diâmetros internos das esferas do simulador 

 

Os resultados deste teste também fornecem valores para o cálculo dos coeficientes de 

recuperação para a correção da captação do radiofármaco para um determinado 

tamanho da ROI.  

 

"

 
 

Figure 1: Background and hot spot ROI 
 
 
The implementation of RC to correct the values of SUVmaximum and SUVmedium were 
performed using equation [12].  
 
 

                                  SUVC =
SUVm(ROI ) − SUVBG(ROI )

RCROI j

+ SUVBG(ROI )                                    (2) 

 

Where: 
 
SUVC – SUVmaximum or SUVmedium corrected by RCs; 
SUVm(ROI) – SUVmaximum or SUVmedium measured for a given ROI (hot spot) diameter  in 
the image produced by the equipment; 
SUVBG(ROI) - SUVmaximum or SUVmedium obtained in the body region of the simulator, 
“cold spot” (BG) for a given ROI diameter in the image produced by the equipment; 
RCROIj – Recovery coefficient respective for each ROI diameter. 
 
From the percentage differences obtained in relation to SUVreference (previously known 
value), the most appropriate method for image evaluation was proposed. The most suitable 
method for evaluation (SUVmaximum or SUVmedium) can be used for quality control 
protocols of the image produced by the equipment. 
 
 

3. RESULTS AND DISCUSSION 
 
 
3.1. Recovery coefficients for SUVmaximum and SUVmedium  
 
Fig. 2 presents RC – SUVmaximum and SUVmedium obtained for the time acquisitions of 
0,5; 1,0; 1,5; 2,0; 5,0 e 10,0 minutes and for different ROI diameters. 
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Figure 2: Recovery coefficients 
 

It’s observed that RC - SUVmaximum and SUVmedium values increase as the ROI 
increases. RC - SUVmaximum presented values closer to the unit for all acquisition times 
studied. However, counting overestimates from ROI of 20 mm may occur (RC >1.0), since 
the measurements take into account statistical process counts. RC – SUVmedium values 
showed less dispersion between the ROIs and the acquisition times. 
 
It’s important to consider PVE. Larger ROI with higher concentration of activity lead to a 
phenomenon called spill out. Contrary, a smaller diameter ROI with lower activity is 
influenced by the activity contained in BG regions (phantom body), which surrounds it (spill 
in). BG activity concentration influenced the measurement results for smaller ROI diameter. 
For this reason, it’s necessary to correct this influence by using the RC. RC - SUVmedium 
for ROI of intermediate diameters (13 and 17 mm) are less influenced by the PVE because 
they are estimates from mean values. However, spill out and spill in effects can still be 
verified, respectively, for the larger and smaller ROI diameters (22 and 10 mm). 
 
 
3.2. RC application for evaluating the methods of analysis SUVmaximum and 
SUVminimum  
 
SUVreference was estimated by the known activity concentrations inserted in the simulator 
and their total volume. SUVreference value was 4.457. Table 2 presents SUVmaximum and 
SUVmedium measured values for the acquisition times and for the different diameters of ROI 
from the analysis of the images. To better visualize the results, the percentage differences of 
SUVmaximum and SUVmedium measured relative to known SUVreference are presented. 
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Table 2: SUVmaximum and SUVmedium measured and percentage differences to the 
SUVreference 

 

 
Table 2 shows that SUVmaximum and SUVmedium presented significant percentage 
differences in relation to SUVreference reaching underestimated values of -69.9% for 
SUVmedium and -54.0% for SUVmaximum. However, the difference between 
SUVmaximum and SUVreference is lower. It is noteworthy that the percentage difference in 
relation to the SUVreference for both methods of analysis increases according to the decrease 
the ROI. Table 3 presents SUVmaximum and SUVmedium values corrected by the respective 
RC and their percentage differences to the SUVreference. The RC used was presented in Fig 
3. 

 
 
 

Acquisition 
time/bed 

ROI  
(mm) 

 Analysis mode  

 
 

0.5 minute 

 SUVmaximum Diference % SUVmedium Diference% 
22 5.701 27.9 2.657 -40.4 
17 5.384 20.8 2.309 -48.2 
13 3.554 -20.3 1.785 -60.0 
10 2.206 -50.5 1.340 -69.9 

      
 

1.0 minute 
 
 

22 5.256 17.92 2.714 -39.1 
17 4.867 9.2 2.528 -43.3 
13 4.046 -9.2 1.911 -57.0 
10 2.492 -44.0 1.561 -65.0 

      
 22 5.474 22.8 2.707 -39.3 

1.5 minutes 17 4.313 -3.2 2.187 -50.9 
 13 3.568 -19.9 1.909 -57.2 
 10 2.176 -51.2 1.392 -68.8 
      
 22 5.196 16.6 2.778 -37.7 

2.0 minutes 17 4.228 -5.1 2.342 -47.4 
 13 3.279 -26.4 1.937 -56.5 
 10 2.049 -54.0 1.559 -65.0 
      
 22 4.767 7.0 2.875 -35.5 

5.0 minutes 17 4.286 -3.8 2.422 -45.7 
 13 3.212 -27.9 1.933 -56.6 
 10 2.361 -47.0 1.439 -67.7 
      
 22 4.903 10.0 2.871 -35.6 

10.0 minutes 17 4.509 1.2 2.514 -43.6 
 13 3.363 -24.5 1.973 -55.7 
 10 2.329 -47.8 1.44 -67.7 
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Table 3: SUVmaximum e SUVmedium corrected by RC and percentual differences in 
relation to the SUVreference 

 

 
 
The results obtained and presented in Table 3 demonstrate that the percent differences in 
relation to SUVreference decreased in both modes of analysis. SUVmedium corrected by the 
respective RC presented values with small percentage differences in relation to the 
SUVreference comprising a range of 1.1 to 2.3%. Greater difference percentage for ROI and 
between acquisition times was 1.2%. It should be noted that the percentage differences of 
SUVmedium corrected for SUVreference showed small dispersions. This did not occur for 
corrected SUVmaximum values where differences of up to 27.0% were observed between 
these and SUVreference values. The results showed that the methodology used to correct 18F-
FDG uptake in "lesions" (spherical) was efficient for the recovery coefficients (RC) obtained 
and used in the correction of SUVmedium. 

Acquisition 
time/bed 

ROI 
(mm) 

 Analysis mode  

 
 
 

0.5 minute 

 SUVmaximum 
corrected 

Diference% SUVmedium 
corrected 

Diference% 

22 5.652 26.8 4.542 1.88 
17 5.517 23.78 4.55 2.11 
13 5.4 21.16 4.505 1.07 
10 5.323 19.43 4.546 2.0 

      
 

1.0 minute 
 
 

22 5.259 17.77 4.513 1.26 
17 5.164 15.86 4.55 2.09 
13 5.087 14.14 4.56 2.33 
10 5.015 12.5 4.54 1.97 

      
 22 5.146 13.2 4.55 2.2 

1.5 minutes 17 
13 

5.046 
5.004 

13.3 
12.3 

4.495 
4.55 

1.99 
2.13 

 10 4.927 10.5 4.557 2.24 
      
 22 5.021 12.7 4.512 1.25 

2.0 minutes 17 4.99 12.2 4.535 1.23 
 13 4.94 10.9 4.547 2.02 
 10 4.857 9.0 4.466 1.12 
      
 22 4.854 8.9 4.55 2.09 

5.0 minutes 17 4.827 8.3 4.55 2.31 
 13 4.788 7.4 4.57 1.91 
 10 4.77 7.1 4.56 2.13 
      
 22 4.753 6.64 4.547 2.02 

10.0 minutes 17 4.718 5.86 4.549 2.09 
 13 4.685 5.12 4.544 1.88 
 10 4.635 4.0 4.54 1.86 
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Differently that described Keyes [3], where recommendations were made for application of 
RC only to SUVmaximum values, it is important to consider the use of RC in the values of 
SUVmedium. It is noteworthy that the RC must be obtained individually, for each PET 
equipment, due to the different systems and features that makes up, for example, the type of 
detector and specific radiopharmaceutical. This methodology contributes to a better 
knowledge of the equipment response and to demonstrate its limitations.  
 

Uncertainty sources include numerous parameters. Thus, the estimates made in this study 
took into account those directly related to the results. An activimeter with type B uncertainty 
equal to 5.0% was used for the evaluation and knowledge of the concentrations of activities 
previously established and inserted in the simulator. The uncertainties in the results of the 
measurements performed on the obtained images are of type A and influence the 
quantification of the measured SUV used to obtain the corrected SUVmedium. The combined 
uncertainty corresponding to the corrected SUVmedium reaches differences around 20.0%. 
When comparing such differences from the uncertainties with the largest differences between 
SUVmedium corrected to the the SUVreference of the 4:1 ratio, was observed that the 
uncertainty is greater, which shows that the SUVmedium corrected differences with respect 
to SUVreference for all studies performed is significantly low and may be considered 
negligible. 

4. CONCLUSIONS 

The percentages of SUVmedium corrected to the SUVreference were small and independent 
of the acquisition times adopted. Thus, clinics should consider the use of SUVmedium 
corrected by their RC which may allow better quantification of SUV values and also the 
adoption of shorter acquisition times for the performance of image quality control tests. The 
optimization of the values of SUV quantification is also important for research and for 
clinical evaluation, besides playing an important role for dosimetric determination [12]. The 
acquisition and use of CR in clinical images (patients) is important to evaluate the feasibility 
of using SUVmedium since a large part of the published studies have applied only the CR to 
correct the values of SUVmax [13, 14]. The implementation of the CR in the SUVmedium 
values should be carefully evaluated because besides its application depends on the diameter 
of the lesion and the ratio lesion:BG, it also depends on the demarcation of the ROI 
(influenced by the observer because they are mean values). For this, it is important to know 
the equipment and, mainly, the clinical situation of the patient. The implementation of a 
correction method to improve the quantification of the image is of great help to the creation 
and establishment of specific national standards. These should be focused on the minimum 
requirements for quality control of the equipment, to harmonization activities administered by 
each type of technique (or protocol) [15] and for the methodology to performing some 
essential tests, which is not yet the case in Brazil. 
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