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Abstract: 

Introduction: It is important for the scintigraphic imaging of an organ, to be able to estimate the 

thicknesses of attenuation to better optimize the injected activities as well as the quality of the images. 

The objective of our work is to establish formulas to estimate the attenuation thicknesses according to 

the weight, the height and the gender. 

Materials and methods: Our study focused on the records of adult patients who had undergone a 

PET-CT scan at 18F-FDG. We have successively: 

o Note for all our patients the weight, height and gender,
o Measure the attenuation lengths: thanks to the CT associated with the PET,

o Estimate attenuation thicknesses by a linear regression model

Results: Multivariate regression analysis allows us to calculate attenuation lengths with the following 

formulas:  - LAliver = 14.53 + 0.097 * Weight - 6.4 * Height + 1.188 (Male gender) 

- LAbrain = 6.46 + 0.015  * Weight + 0.597 (Male gender)   

- LALumbar vertebra L3 = 11,76905 + 0,079454* Weight - 5,133455* Height 

- LAkidney postérior = 10,04 + 0,1* Weight -5,8* Height 

- LAheart = 8,7 + 0,061* Weight - 2,71* Height 

Our LA estimation formulas work well because our estimated values were highly correlated with the 

measured values.  

Conclusion: Ours LA estimation formulas are very satisfactory since they give values highly 
correlated to the measured values with an average bias always close to zero. LA is always dependent 

on weight, almost always on height and sometimes on gender. 
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Introduction: 

The main field of action of nuclear medicine, apart from a minority therapeutic component, 

concerns the diagnosis, prognosis and therapeutic monitoring of a large number of pathologies 

thanks to two main types of examinations: scintigraphy or Single-Photon Emission 

ComputerTomography of (SPECT) and Positron Emission Tomography (PET). They make it 

possible to study the functioning of the organs, the metabolism of the constituent elements of 

the organism, normal and pathological, and this, at a molecular level. Its principle is based on 

the administration in a patient of so-called tracer doses of a radiopharmaceutical. Nuclear 

medicine images are obtained using imaging devices called cameras, of which there are two 

main types depending on the nature of the radiation they detect, gamma photons for TEMP or 

positron annihilation photons for PET [1] [2].  

The activity injected in scintigraphy to maximize the quality of the image and minimize the 

irradiation of the patient is often expressed empirically in MBq / BW. 

A large patient has more adipose tissue with greater attenuation; to detect the same photon 

flux, it is therefore necessary to inject more. 

The attenuation will not depend on the weight in the same way for an abdominal organ 

(strong dependence) or for the brain (weak dependence). In addition, the thickness of 

attenuation next to an organ could also be a function of size and sex in some cases. So it is 

important for the scintigraphic imaging of an organ, to be able to estimate the thicknesses of 

attenuation according to the weight, the height and the gender to better optimize the injected 

activities as well as the quality of the images. 

The objective of our work is twofold: 

- Determine if this exists the correlation coefficient of the thicknesses of attenuations (hepatic, 

renal, osseous and cardiac) with the weight, the height and the gender, 

- Establish formulas to estimate the attenuation thicknesses according to these aforementioned 

parameters. 

Materials and methods:  

Our study focused on the records of adult patients who had undergone a PET-CT scan at 18F-

FDG in the nuclear medicine department of Bicêtre Hospital (Paris Sud). It was a Siemens 

Healthcare PET / CT scan, equipped with SyngoVia processing software (PET Syngo 

VG60A). We have successively: 

o Note for all our patients the weight, height and gender,

o Measure the attenuation lengths: thanks to the CT associated with the PET, the attenuation
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thicknesses between the ROI and the skin were measured: 

- anteriorly for the liver (Figure 1), 

- anterior and posterior for the cerebellum (brain) (Figure 2), the third lumbar vertebra (L3) 

(Figure 3), the kidney (Figure 4) and the heart (left ventricle, LV) (Figure 5). 

o Estimate attenuation thicknesses: from the measured attenuation thicknesses we managed to

estimate attenuation lengths by weight, size and gender using Rstudio software. It is the most 

widely used, open source, ready-to-use professional software for the statistical computing 

environment R. It is indeed a flexible and powerful basis for statistical computing. To 

estimate the attenuation lengths, we performed a general linear model (GLM) linear 

regression model in different stages: 

- After verifying the normality of distribution of the different independent variables (Gaussian 

distributions of histograms), we first analyzed their level of correlation (correlation matrices) 

so as to detect possible redundancies of information. 

- The most relevant variables were then selected for the regression model. For each variable 

of interest, a first univariate analysis was performed in the form: Predicted attenuation length 

= [a * variable of interest]. Significantly relevant variables were retained for the multivariate 

analysis: Predicted attenuation length = [a * variable of interest A] + [b * variable of interest 

B] + [c * variable of interest C] ...

- The multivariate regression model, allowing to predict the attenuation length for each of the 

target organs, was then used 

 1  2 

Figures 1 and 2: Measurement of anterior attenuation lengths of the liver (1) / 

Measurement of anterior and posterior attenuation lengths of the cerebellum (2) 
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Figures 3: Measurement of anterior and posterior attenuation lengths of the third 

lumbar vertebra (L3) 

Figures 4: Measurement of anterior and posterior attenuation lengths of the kidney 
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Figures 5: Measurement of anterior and posterior attenuation lengths of the heart (left 

ventricle) 

Results and discussion: 

The patients’ characteristics are summarized in table 1. 

Table 1: Patients’ characteristics 

Patients  mean ± SD  N= 145 

Gender  male  87 (60%) 
 female  58 (40%) 

Age  59 ± 15 years 
 range 19-93 

Weight  76 ± 22 kg 
  Range 44-130 kg 

 ≤ 90 kg  107 (74 %) 
 > 90 kg  38 (26 %) 

Height  1,7 ± 0,1 m 
 range 1,44 – 1,93 

BMI  26,39 ± 7 
  range 14,69 – 47,86 

o Measurement of attenuation lengths (LA):

- Liver: 

In the liver, the attenuation thickness was 11.71 ± 2.36 cm (range 5,89 to 18,75) with a higher 

dependence on weight (R2 = 0.69 and p˂˂˂ 0,05 ) (N= 162) (Figure 6). 
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Figure 6 : LA liver measured according to weight 

- Brain: 

The cerebellum being closer to the posterior detector in brain scintigraphy, we retained the 

attenuation length between the center of the ROI of the cerebellum and the skin posteriorly. 

The attenuation thicknesses were practically grouped between 6,31 ± 0.72 cm (ranging 6 to 

9,86 cm) with a moderate dependence on weight (R2 = 0.316 and p˂˂ 0,05) (N= 154) (Figure 

7 ). 

Figure 7: LA cerebellum measured according to weight 
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- lumbar vertebra (L3) 

The lumbar spine being closer to the posterior detector in bone scintigraphy, we retained the 

measurement of the posterior attenuation thicknesses. 

The attenuation thicknesses were practically grouped between 6 and 14 cm with an average of 

9.12 ± 1.85. The correlation with the weight was strong with an R2 = 0.64 and an r = 0.8. 

(Figure 8). 

Figure 8: LA lumbar vertebra measured according to weight 

- Kidney 

The kidneys in anatomical position are closer to the posterior detector, so we have retained 

the measurement of posterior attenuation thicknesses. We calculated the posterior average of 

the two kidneys for each patient. 

These posterior means were grouped between 5 and 15 cm with an average of 8.05. The 

correlation was strong with the weight (R2 = 0.71 and r = 0.84) (figure 9). 

Figure 9: LA kidney measured according to weight 
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- Heart 

We retained the measurement of the LA between the anterior wall of the LV and the skin in the 

anterior direction. These previous LAs were grouped between 5.72 and 14.17 cm with an 

average of 8.78. The correlation was strong with the weight (R2 = 0.60 and an r = 0.77 

(figure10). 

Figure 10: LA heart measured according to weight 
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o Estimated attenuation thicknesses

The results of correlation between the LA and gender, weight and height are summarized in 

table 2. 

Table 2: correlation between the LA and gender, weight and height 

Length Attenuation (LA) Correlation with sex, weight 

and height (yes or no) 

p value (significant if less 

than or equal to 0.05) 

Liver LA Gender:  yes ++ 

Weight: yes ++++ 

Height:  yes+ 

2.49e-05 

< 2.2e-16 

0.000325 

Brain LA Gender:  yes +++ 

Weight: yes ++++ 

Height:  yes + 

7.42e-13 

5.156e-14 

4.81e-07 

lumbar vertebra (L3) Gender: No 

Weight: yes ++++ 

Height:  yes + 

- 

< 2.10-16

0,048 

Kidney Gender: No 

Weight: yes ++++ 

Height:  yes + 

- 

< 2.10-16

0,037 

Heart Gender: No 

Weight: yes ++++ 

Height:  yes + 

- 

< 2.10-16

0,0165 

Multivariate regression analysis allows us to calculate attenuation lengths with the following 

formulas:  

- LAliver = 14.53 + 0.097 * Weight - 6.4 * Height + 1.188 (Male gender) 

- LAbrain = 6.46 + 0.015  * Weight + 0.597 (Male gender) 

- LALumbar vertebra L3 = 11,76905 + 0,079454* Weight - 5,133455* Height 

- LAkidney postérior = 10,04 + 0,1* Weight -5,8* Height 

- LAheart = 8,7 + 0,061* Weight - 2,71* Height 
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Our LA estimation formulas work well because our estimated values were highly correlated 

with the measured values. The average bias and standard deviation were very low, always 

close to zero. We noted as follows :  

- Liver: R2= 0,73 and  r= 0,85 (Figure 11), the average bias and standard deviation were -0,05 

and 1,216. 

- Brain: R2 = 0,46 and r= 0,69  (figure 12), the average bias and standard deviation were 

0,024 and 0,522.  

- L3 La comparaison entre les LA mesurées et estimées montraient une parfaite corrélation 

avec R2 à 0,69 et r à 0,83 (figure 13), the average bias and standard deviation were 4.10-4 and 

1,015. 

- kidney La comparaison entre les LA mesurées et estimées montraient une parfaite 

corrélation avec R2 à 0,75 et r à 0,86 (figure 14), the average bias and standard deviation were 

0,24 and 1,16.  

- heart La figure 114 montre la bonne corrélation entre les LA mesurées et les LA estimées 

(R2 = 0,63 et r = 0,79) (figure 15), the average bias and standard deviation were 0,02 and 

0,98. 

Figure 11: LA estimated Liver based on LA measured 
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Figure 12: LA estimated brain based on LA measured 

Figure 13: LA estimated L3 based on LA measured 
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Figure 14: LA estimated kidney based on LA measured 

Figure 15: LA estimated heart based on LA measured 
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We can calculate the ECV by the relation of Christensen-Groth [3] and Dubois-Dubois [4]. 

The target organic concentrations can be measured on scintigraphic examinations from better 

quality images and thus calculate the target plasma activity (average of the target 

concentrations). 

The activity to be injected (Qinj) to optimize the image quality will therefore be the target 

plasma activity (Q target plasma) corrected for attenuation (estimated LA) according to the 

relationship: 

Qinj = Qplasma target e-µ LAestimated 

µ = 0.093: total linear attenuation coefficient for an energy E = 511 Kev (18F) [5] 

µ = 0.11: total linear attenuation coefficient for an energy E = 140.5 Kev (99mTc) [6]. 

Conclusion:  

This original work allowed us from PET-CT images to calculate the hepatic, cerebral, lumbar, 

renal and cardiac attenuations lengths (LA), thanks to a linear regression analysis. Ours LA 

estimation formulas are very satisfactory since they give values highly correlated to the 

measured values with an average bias always close to zero. We have thus shown that LA is 

always dependent on weight, almost always on height and sometimes on gender. The 

estimation of these LA will allow us to better calculate the activities to inject to optimize the 

quality of the images in SPECT and PET. 
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