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DICOM files using MATLAB.
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Abstract: - This paper presents a novel SUV calculation scheme for PET DICOM files using
MATLAB and 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 results show that the SUV calculation
scheme for PET DICOM file using MATLAB is comparable with the SUV taken from the GE
healthcare application software. 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.
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1 Introduction A DICOM file is divided into two major
sections. there are part of the DICOM image
In  Nuclear medicine, Positron Emission and the data header (DICOM elements or
Tomography (PET) scanner plays an important Metadata). DICOM image (Fig 1) shows a
role in both diagnosis and staging of cancers. more detailed list of the DICOM header as
The hybrid system of a PET scanner combined displayed by the software. The data header or
with CT scanner (PET/CT) has gained DICOM elements (Fig 1) required depends on
popularity in the oncological community since the image type.
its commercial introduction to the market in In this research we use MATLAB as a
early 2001. DICOM viewer and also _for analysis. These
For the F18-FDG uptake evaluation of are the reviewed DICOM file by MATLAB.

the tumor metabolism quantitatively. SUV
(Standardized Uptake Value) is the one 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.

DICOM file was a file format that
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, Fig. 1. The DICOM file is reviewed by
printers, and network hardware from multiple MATLAB (a.) Image part (b.) Metadata
manufacturers into a picture archiving and part
communication system (PACS).

(b)
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2 Study Framework

This is a block diagram in our study that show
the process, After a set of DICOM files
throughout our created scheme, the scheme
yielded the SUVmaximum and SUVmean
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Fig. 2. The Study Framework

3 Calculation of Standardized

Uptake Value (SUV).

SUV (Standardized Uptake Value) is the one
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 have 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 keep 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 bit 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
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varies for every image slice. So the tissue
activity is calculated using formula 1.
U=m.5V+ b @

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 Bg/ml,
Shown in Unit tag)

The conversion formula above is the
fundamental 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 [8]

_ Activity Concentration in ROl g,/ (2)

SUVO wei mi R
body weigi(ka/m) [Injected Dose(Bq)]

body weight,

Pixel Value
[Im age Scale FactorJ
actual activity
body weight

3)

body weight (kg /ml) =
( Jx(dose calibration factor x10°)

Where Pixel Value is Pixel Intensity Value in
Region of Interest (ROD),
Image Scale factor = Rescale Slope »

10~¢

, Actual activity is Injected activity at the time
of scan, Body Weight is Patient Body Weight
(kg) and Dose Calibration factor must be
multiplied by 10° for MBg/ml to Bg/ml
conversion.

For SUV s practically in the defined
Volume Of Interest (VOI). We used
MATLAB as a tool in the process. The SUV
formula(2) have shown the requirement of data
which are from image part including metadata
part. Here we used MATLAB to extract these
data.

The steps of the SUV calculation scheme are
summarized as follow :

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 Mean and Maximum pixel
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intensity because we need them to
calculate the SUVmean and 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 (BQq)
is the next step. The data in this
conversion based on some of the detail
part (metadata). See formula (2) then
become

T
r' i 4 e | seey
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Where IMEQE TR FOCTET = REScRiRSiope X 10

The related tag in this part are Rescale
Slope, Rescale Intercept and Units.
Only Rescale slope is individual in
each slice.

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 3:

Step 4: Integral SUV of ROI to VOI

In practical , SUV calculation is
analyze in the Volume of Interest
(VOI). So In this study we calculated
SUV in each slice, summarized them
which is depending on number of
slices and projected the region of
interest into every slices in the
volume. Mean that every slices under
the volume has the same size and
position.
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Fig. 2. Integral ROIs to VOI
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Fig. 3. The SUV calculation Scheme

3 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)

Xeleris and MATLAB all allow
interpretation of ROI analysis. Three circular
ROls were drawn surrounding the region of
FDG uptake. see the demonstration in the fig.
4,
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Fig. 4. Example of the 3 sizes ROl drawn
on Phantom transaxial images

The maximum SUV was recorded and mean
SUVs of the malignant lesion were calculated
and recorded by the Xeleris® workstation and
MATLAB. And the Xeleris and MATLAB
were analyzed together for further studying the
correlation of both system.

Data were analyzed using SPSS software.
Correlation of the SUV measurement between
the dedicated Xeleris workstations and
MATLAB was measured with  Pearson
correlation coefficient. The comparison was
perform with 3 sized-ROI in 45 phantom slice.

4 Results

The result shown that the Correlation between
Xeleris Workstation and MATLAB was very
good for the SUV naximum and SUVnean. This is
reassuring, Because it mean that the proposed
of the SUV calculation scheme can interpret
PET/CT images even though the worker is not
on the workstation site.

5 Conclusion

These Result indicate that the SUVs from
MATLAB analysis could be used interchange
with  PET/CT Xeleris® workstation ~for
interpretation of PET/CT image without losing
the capacity to accurately measure the SUV.
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