
 

 

 

 

 

Abstract— This paper presents a novel scheme for Standardized 

Uptake Value (SUV) calculation in PET scans. The results are 

compared with the SUV taken from the well-known application 

software from GE healthcare. The performance of the scheme is 

evaluated by using the DICOM files taken from the widely used 

standard PET phantom scan. The comparison was performed with 2 

different ROI sizes in 45 image slices and the Pearson’s correlation is 

used. The results show that both systems are correlated significantly 

with 95% confidence. So the results ensure that his novel scheme for 

Standardized Uptake Value (SUV) calculation provides the correct 

SUV value. The strength of this scheme is that the interchangeability 

of the DICOM files can be done conveniently without the special 

application software from any vendors.  
 

Keywords— Positron Emission Tomography combined Computed 

tomography (PET/CT), Standardized Uptake Value (SUV), The 

Digital Imaging and Communications in   Medicine (DICOM) 

 

I. INTRODUCTION 

In Nuclear medicine, Positron Emission Tomography (PET) 

scanner plays an important role in both diagnosis and staging 

of cancers. The hybrid system of a PET scanner combined 

with CT scanner (PET/CT) has gained popularity in the 

oncological community since its commercial introduction to 

the market in early 2001. 

PET/CT is the fusion of The Best of Both Worlds, it was 

combined by functional data and the structural anatomic 

information that lets us see the disease in a way that is 

diagnostically very powerful. 

In addition to providing anatomic data, the CT transmission 

scan can be used to generate an attenuation map that can be 

used to correct this attenuation effect. This correction process 

is essential for quantitative assessment (SUV standardized 

uptake values). The Images of PET/CT are normally presented 

and viewed in 3 planes (coronal, transaxial, and sagittal) as 

well as a 3D maximum intensity projection (M.I.P.), which 

can be rotated while viewing. The CT, corrected and 

uncorrected PET scans, as well as the fusion image can be 

viewed on a single page. So in this research we used the 

DICOM file that has been through the attenuation correction 

in transaxial plane. 

   PET/CT is classified as medical device that measures 

radioactive traces injected into the body. The PET tracer (F18- 

 

 

 
 
 

 

 

 

FDG) has two parts: glucose, and a mildly radioactive 

component. As the tracer moves through the body the cells 

that are active take up the glucose along with the radioactive 

part of tracer.   

In fact, FDG is not cancer specific and will accumulate in 

areas with high levels of metabolism and glycolysis. Therefore 

the increased uptake can be expected in sites of hyperactivity 

(muscular, nervous), active inflammation (infection, sarcoid, 

arthritis, etc.), tissue repair, etc. 
PET shows a metabolism of cell or tissue by displaying the 

image with the semi-quantitative value called Standardized 

Uptake Value (SUV). 

In PET studies some case or some applications the PET 

image alone may be sufficient (brain scan for diagnosis 

Alzheimer’s dementia) for clinical diagnosis. However 

Qualitative approaches are often used for practical reason.  

It is some time the cases that need estimating the 

concentration of tracer, but not a full kinetic analysis, Semi-

quantitative is often used. 

The simplest semi-quantitative approach is to estimate the 

concentration of tracer in a given region from PET images by 

using an ROI analysis. The semi-quantitative measure of local  

FDG uptake has been developed and utilized in 

differentiating benign from malignant lesion (malignant 

lesions in general having greater uptake). 

SUV (Standardized Uptake Value) is the value that quite 

often used in PET scan. It is most commonly used semi-

quantitative parameter utilized for analyzing FDG-PET 

images in routine clinical practice. It came to be used as a tool 

to supplement visual interpretation. [1] 

Standardized uptake values (SUVs) are a measure of the 

concentration of a radiotracer in a defined region of interest 

(ROI) divided by the injected dose normalized for the patient's 

body weight at a fixed time after tracer injection. 

SUV is also referred to as Standardized Uptake Ratio 

(SUR). As being a ratio, it is unit less and is calculated by 

formula: 
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SUV is affected by several factors. It has a strong positive 

correlation with weight if calculated the SUV in body weight 

term. The time of measurement is also effected, the earlier 
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imaging provides low results, and conversely delayed scans 

provide high SUV. Also the other factors such as dose 

extravasations, attenuation parameters, reconstruction 

parameters, partial volume effect and plasma glucose level in 

patient blood affect the value of SUV. 

The cut-off value for malignant lesion is 2.5 and it has 

largely been proven to be an oversimplification. SUV is the 

one of many criteria used for interpretation, including visual 

uptake, lesion size relative to uptake, and also clinical history. 

Some routine clinical purpose, visual analysis of PET images 

is sufficient for clinical interpretation. SUV does provide an 

objective parameter for image analysis and is useful for 

research purpose. For patients with cancer, it is important to 

report SUV of chosen index lesions. 

Either SUVmaximum or SUVmean in a region of interest (ROI) 

can be used. Nevertheless physician prefers to report the case 

by the Maximum SUV. Because the maximum SUV is least 

affect by partial volume effect, [2] so in this research we 

calculate the SUVmax which is obtained from the Maximum 

Pixel Value in the image slice.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig 1. the example of  all image planes from PET/CT : coronal 

plane(above), sagittal plane(below), transaxial plane(right) 

(http://www.westcoastradiology.net/images/pic-pet-ct-1.jpg) 

 

The Data and parameter for SUV calculation are stored in 

the DICOM file format. DICOM file is a file format developed 

by the DICOM Standards Committee whose members are also 

partly members of NEMA. The strength of DICOM files is the 

exchangeability between two entities that are capable of 

receiving image and patient data. DICOM also enables the 

integration of scanners, servers, workstations, printers, and 

network hardware from multiple manufacturers into a picture 

archiving and communication system (PACS). 

 Picture Archiving and Communication System (PACS) is 

an electronic system dedicated to medical image management. 

It enables the following image cycle: production on imaging 

devices, archiving, transfer via network and consultation, 

processing and softcopy reading on stations. It is a standard 

for file formats and inter-system communication used in 

hospitals and clinical labs for storing radiology images (X-

rays, MRIs, CTs, PET/CT, etc). PACS relies on the DICOM 

standard for image representation and communication 

services. PET/CT is the modality which also stores images 

using DICOM in PACS.[3]-[6] 

 

 

 
 
Fig 2. The work flow diagram of PACS and DICOM in the system. 

 

 

 A DICOM file is mostly divided into two main parts which 

are the DICOM image and the data header (DICOM elements 

or Metadata). All information about the image, patient, study, 

etc. are stored in the header. 
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A DICOM file contains binary attribute or data elements. 

Each element consists of 

1. A tag, in the format of group, element (XXXX,XXXX) 

that identifies the element. 

 A Group No. Tells you about an entity. 

 An Element No. Identifies the exact information 

in the group 

 For Example, In the tag (0010,0020): Group No. is 0010 

and Element No. is 0020. The Group no. 0010 tells you that 

the information is about PATIENT and the Element No. 0020 

tells you that the information is about the PATIENT NAME.  

Some Groups: (Group numbers are in Hexadecimal) 

Group 2: Contains File Meta information 

Group 8: General series info. 

Group 10: Patient info. 

Group 20: General Study info. 

Group 28: Image info. 

Etc. 

2. A Value Representation (VR) that describes the data 

type and format of the attribute's value. It is an 

optional field. 

3. A value length (VL) that defines the length of the 

attribute's value. 

4. A value field containing the attribute's data. 

 

Each data element must be read in order to march through 

the file and find the data of interest. 

 The current DICOM standard specifies that the file contains 

the string "DICM" starting at byte position 128.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig 3.  The data elements consisting of TAG, VR, Value Length and 

Value field. 
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Fig. 4. The DICOM file is reviewed by MATLAB (a.) Image part (b.) 

Header (Metadata) part. 

However, the way of reading and analyzing all these data 

and parameters is needed a specific application program. Each 

manufacture (vendor) will have their own application mostly 

just for their equipment.  

Gustavo and team [7] have studied the comparison of the 

SUV by compare the SUV from the files that get through 

PACS (Picture archiving and communication system) and the 

files that view by the workstation at the scan site. The 

application program was used in their research is from the 

well known vendor. 

From the literature review and the study of the feature of 

DICOM format, we’re interested in widening the limited 

condition by using MATLAB. It means that if we can use the 

widely used program such as MATLAB in PET DICOM 

analyzing process. It might be much useful for user. 

DICOM file type is quite limited on viewing. There is 

seldom meet the application program supporting this type of 

file.  The general photo viewing program in the market mostly 

not supports the DICOM file format.  

Some application program has a feature supporting the 

DICOM file but only for displaying the image and the 

metadata, still unable to extract them to further process. 

By the nature of the DICOM format, which contain by 2 

parts, there are the part of image and metadata (Header) and 

MATLAB has a command that supports the DICOM file. 

Therefore in our research we choose MATLAB as a tool for 

calculation and analysis. 

We have studied structure of PET/CT DICOM file and 

studied the various involved parameter in the method of SUV 

calculation. We found that DICOM file from different vendor 

is containing in different way. So in our research we used the 

DICOM file that process through the PET/CT Discovery STE 

from the GE healthcare. [8] 

 

For much understanding the meaning of DICOM file, the 

study of general meaning of the DICOM format from NEMA 

statement is needed [9]. Also combination study with the 

conformance statement from the vendor (GE healthcare) [10] 

has been studied. It provides the information about the way of 

storing parameter and the meaning of involved parameter. 

After we reviewed the literature, we found that the SUV 

calculation from DICOM file was still not much prevalent. 
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Aparna and team [11] studied about the image of PET. They 

created the segmentation scheme to detect the tumor in the 

PET image. In their research they also use the SUV.  

So our objective of this research is to study the SUV 

calculation from PET DICOM file by using MATLAB. 

 

 

II. STUDY PROCEDURE 

The study of SUV calculation from DICOM file is quite 

new and not much found the common study. So we need to 

understand the meaning of the SUV, the DICOM, as well as 

the linking of two of them and the processing them by using 

MATLAB. We summarize the Study Procedure of our 

Research as following 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. The Study Procedure. 

 

III. STUDY FRAMEWORK 

A block diagram shown in (Fig 6) is the entire process of 

our scheme. After a set of DICOM files passed through our 

created scheme, the SUV are yielded. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. The Study Framework 

 

IV. PHANTOM  PREPARING  

In this study, we used DICOM files from Phantom scan. 

It must be prepared, and we use the WCC phantom or Well 

Counter Correction Phantom and do the scan according to the 

Phantom preparing for Quarterly QC. [12] 

 

Preparing & Scanning WCC phantom  

1) Adjust a holder with columnar WCC phantom before 

putting Activity into here. 

2) After this, work will be done in the Laboratory or else 

like 

3) Remove water inside phantom a little and put in 18F-

FDG of well known amount of radioactivity. Put the 

time of Dose calibrator which measures the amount 

of radioactivity at this time, and the PET/CT scanner 

itself  together 

4) Stir the water in side phantom quietly with being 

careful that a bubble doing not appear. (be careful not 

to spill a liquid as much as possible) 

5) Fill phantom with the water and being careful that a 

bubble becoming a minimum. 

6) Carry out it from the room, and set on a holder of the 

scanner with being careful of the pollution. 

7) Scan WCC phantom with the same protocol as with 

patient. 

 

After the scan, we get a set of DICOM files. We used files 

that have already been corrected by the attenuation correction.   

 

V. CALCULATION OF STANDARDIZED UPTAKE VALUE (SUV) 

SUV (Standardized Uptake Value) is the value that quite 

often used. It is most commonly used semi-quantitative 

parameter utilized for analyzing FDG-PET images in routine 

clinical practice. It came to be used as a tool to supplement 

visual interpretation. The SUV is also used to distinguish 

between malignant and benign tumor. The cut-off value for 

malignant lesion is 2.5 and it has largely been proven to be an 

oversimplification. 

In this study, the DICOM files are the main source to 

analyze and calculate SUV. The Component of the DICOM 

file can be divided into 2 main parts which are the image and 

metadata. The image is the part that displays the information 

by image and the metadata is the part that keeps the detail of 

the data such as dose of injection, type of scan, patient weight, 

patient name, etc. 

We calculate the Standardized Uptake Value (SUV) and 

the brief meaning of SUV is the Differential Uptake Value, 

Dose Uptake Ratio, or Dose Absorption Ratio. For this study 

we used PET DICOM file that has been through the 

attenuation correction.  

The Uptake Value is represented by Pixel intensity value 

in the image and the GE DICOM file. It collects the data in 16 

bits so that the pixel intensity value is between 0-32767. 

Therefore, the first process of the SUV calculation is the 

conversion of the pixel intensity value to the activity 

concentration. 

The related attributed tag for the conversion is Rescale 

Slope tag, and Rescale Intercept tag (there are from metadata 

part). These tags vary for every image slice. So the tissue 

activity is calculated using formula 1. 

 

                                      (1) 

 

bSVmU 
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Where m is rescale Slope (which is different in each image 

slice), SV is the stored value (Pixel intensity Value), b is 

rescale intercept (for PET scan is always Zero) and U is units 

of value after conversion (for our study is  Bq/ml, Shown in 

Unit tag) 

The conversion formula above is fundamentally defined by 

NEMA, however the formula maybe slightly different for each 

vendor. In this study we used GE DICOM file. So the method 

of calculation is based on GE conformance statement [9] 

 

 

 

 

                                                                      (2) 

 

 

               

 

 

                 (3) 

 

 

 

 

Where Pixel Value is Pixel Intensity Value in Region of  

Interest (ROI),  

  , Actual activity is Injected activity at the time of scan, Body 

Weight is Patient Body Weight (kg) and Dose Calibration 

factor  must be corrected for MBq/ml to Bq/ml conversion. 

 

 

For SUV is practically in the defined Volume Of Interest 

(VOI). We used MATLAB as a tool for this process. The SUV 

formula (2) requires data from both image part and metadata 

part so we used MATLAB to extract these data. 

 

The steps of the SUV calculation scheme are summarized as 

follows: 

 

Step 1: Extract Pixel Intensity Value in Defined ROI (region of 

interest). 

The purpose of extraction is to note the obtained pixel 

intensity value for the next step of calculation, so we 

extract Maximum pixel intensity because we need them 

to calculate the SUVmax  

 

Step 2: Convert Intensity Pixel Value to activity concentration 

(Bq). 

After we extracted the desired value, the conversion of 

Intensity Pixel Value to Activity Concentration (Bq) is 

the next step. The data in this conversion based on some 

of the detail part (metadata). See formula (2) then 

become    

 

 
 

 

 

Where  

The related tags in this part are Rescale Slope, Rescale 

Intercept and Units. Only Rescale slope is individual in 

each slice. 

 

Step 3: Calculate SUV in each slice. 

Calculate SUV by formula (3) which the related tag in 

this part are Total Dose (0018,1074), Series Date 

(0008,0021), Series Time (0008,0031), 

Radiophamaceutical Start Time (0018,1072), 

Radiophamaceutical Half Life (0018,1075) and Patient 

Weight (0010,1010) 

 

Step 4: Integral SUV of ROI to VOI 

In practical, SUV calculation is analyzed in the Volume 

of Interest (VOI).  So In this study we calculated SUV in 

each slice and then summarized them which is depending 

on number of slices and projected the region of interest 

into every slice in the volume. Mean that every slice 

under the volume has the same size and position.  

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.7. Integral ROIs to VOI 
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Fig. 8. The SUV calculation Scheme  

 

VI. SCHEME TESTING 

This SUV calculation Scheme is operated on the PC with 

installing MATLAB. In order to evaluate the performance of 

the scheme, it is compared to the SUV that obtained from the 

Well-known application software from GE healthcare (Xeleris 

workstation) 

 

 

 

 

 

 

 

 

 

 

 
Fig 9. The screen of  Xeleris  Workstation from GE healthcare. 

 

 

Both Xeleris and MATLAB allow interpretation of ROI 

analysis. Two circular ROIs were drawn surrounding the 

region of FDG uptake as seen in (Fig 9). 
The SUV in the defined region was recorded by the 

Xeleris
®
 workstation and MATLAB. Then both Xeleris and 

MATLAB were analyzed together for further studying the 

correlation of both systems. 

Data were analyzed using SPSS version 11.5 and 

Microsoft Excel. The Normal Distribution of  SUV 

measurement is tested on both Xeleris workstations and our 

scheme. The correlation of both systems is analyzed with 

Pearson correlation coefficient. The comparison was 

performed with 2 sized-ROI in 45 phantom slices.  

 

 

 

 

 

 

 

 

 

 
Fig. 10. Example of the 2 sizes ROI drawn on Phantom transaxial 

images. 

 

 

VII. RESULT 

SPSS version 11.5 and Excel were used as a tool for the 

statistical analysis. The SUV from Xeleris and MATLAB 

were compared by the Pearson correlation Test.  The basic 

descriptive statistic was shown as the mean, the standard 

deviation, and the histogram of the set of data that computed 

from both systems. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig 11. the Display result from SPSS shows the mean and standard 

deviation of the SUV from MATLAB and Xeleris. (MATLAB1: the 

SUV from MATLAB in ROI-1, Xeleris1: the SUV from Xeleris in 

ROI-1, MATLAB2: the SUV from MATLAB in ROI-2, Xeleris1: the 

SUV from Xeleris in ROI-2)  
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 Fig 12  the Histogram and graph show the distribution of  SUV from Xeleris workstation and MATLAB in  ROI-1(a1) and ROI-2(a2),  and the 

Scatter charts with trend line show The SUV comparison of  2 systems in ROI-1 (b1) and  ROI-2 (b2).  
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(b) 

 

Fig .13.  the Display result from SPSS shows the Correlation of  

maximum  SUV  between 2 systems  from the ROI-1 (a) and ROI-

2(b). 

 

The Result shows the Pearson's Correlation Coefficient 

between the two systems and also the significance which the 

correlation is significant at the 0.05 level (2-tailed). 

The Result of Pearson Correlation tests of 2 systems in the 

two Region of Interests (ROIs) are following.  

ROI 1 : The Pearson correlation coefficient of the SUVmax 

is -0.333 and the probability (2 tailed significant) is 0.26.   

ROI 2 : The Pearson correlation coefficient of the SUVmax 

is 0.349 and the probability (2 tailed significant) is 0.019  

 On the above correlation tests table, the value of the 

significance of the SUV in ROI-1 and ROI 2 is 0.26 and 

0.019, which less than 0.05, we can therefore confirm that the 

correlation between the two systems is statistically significant 

with 95% confidence.  

 

 

VIII. DISCUSSION 

The results show that both systems have normal 

distribution. The Correlation between both Xeleris 

Workstation and MATLAB is very good for the SUV.  

The values obtained from MATLAB are a bit difference 

from Xeleris workstation. It might be because of some data 

lost in the transformation process. However, the correlation of 

both is very good. It allows us to apply the Regression 

Correction for adjustment.  

This is reassuring that this novel SUV calculation scheme 

can interpret PET/CT images even though the worker is not on 

the workstation site. This research is beneficial for further 

study. 

 

IX. CONCLUSION 

 These results indicate that the SUVs from MATLAB 

analysis could be used interchangeably with PET/CT Xeleris
®
 

workstation for interpretation of PET/CT image without losing 

the capacity to accurately measure the SUV. 
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