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INTRODUCTION

Biograph PET/CT scanners are powered by PETsyngo – a software system developed on top of the Siemens Somaris software to deliver combined PET/CT scanning, processing and visualization capabilities. PETsyngo leverages the framework and programming environment provided by the underlying syngo platform to produce PET images that conform to PET IOD as defined in DICOM Standard Part 3.3. Whenever possible, PETsyngo also tries to maintain the consistency with ECAT 7 software in areas of gantry calibration, data correction, reconstruction and service functionality.
Besides other correction factors used by PET image reconstruction algorithms, such as randoms, attenuation, scatter, dead time correction and normalization, decay correction is a another factor critical to preserving the quantification of reconstructed PET images.
To facilitate visualization and processing, all PET images in a series are required to be decay-corrected to the same point of time.  Historically ECAT images are decay-corrected to scan start time.
Decay correction factor is defined as an attribute on the instance level in PET modality image. Biograph acquires PET whole-body scans in a step-and-shoot fashion, the entire   axial imaging range of the body is covered by a discrete set of beds acquired at evenly spaced axial positions at different times. This results in the decay correction factor being a function of the image axial position.
The purpose of this document is to discuss how PETsyngo computes the decay correction and the relationship among various factors that affect its calculation.
DATA MODEL
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PETsyngo creates the PET sinogram series and reconstructed PET image series under the same study. However PETsyngo 2.x data model differs from that of 3.x and 4.x in the following aspects:
· 2.x stores the normalization data as a separate series;

· 2.x allows only one whole-body acquisition per PET sinogram series. A new acquisition results in a new study;
· 3.x/4.x remove the normalization series and place the normalization data under the PET sinogram series as a NonImage;
· 3.x/4.x add protocol/mode information as a NonImage under the sinogram series;
· 3.x/4.x allows more than one whole-body acquisition per sinogram series;

· 3.x/4.x creates a new sinogram series for a whole-body scan that follows or creates a new Frame of Reference. 

CALCULATION OF THE DECAY CORRECTION

	T1/2
	Isotope half life

	λ
	Isotope decay constant

	k
	Index for injection or image series

	m
	Index for whole-body acquisition

	n
	Index for bed of a whole-body acquisition

	(m,n)
	Bed (n) of whole-body acquisition (m)

	df(m,n)
	Intra-frame decay correction factor for bed (m,n)

	ds(m,n)
	Inter-frame decay correction factor for bed (m,n)

	d(m,n)
	Decay correction factor for bed (m,n)

	Tin(k)
	Radiopharmaceutical injection time of injection (k)

	Tss
	Sinogram series time

	Tsi(k)
	PET image series time of the k-th PET image series

	Taq(m,n)
	Acquisition time of bed (m,n)

	tfd(m,n)
	Frame duration of bed (m,n)

	tfr(m,n)
	Frame reference time of bed (m,n)

	tav(m,n)
	Time at which the average count rate (over the duration of bed (m,n)) occurs


Index k or m is dropped from the notation for cases where 1 ≤ k ≤ 1 or 1 ≤ m ≤ 1.
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PETsyngo 3.x



PETsyngo 4.x
The following are true for the diagrams above:

Also note the existence of following relationships:

PETsyngo performs the decay correction in two steps:
· Intra-frame decay correction (df) is executed by bed reconstruction algorithm;

· Inter-frame decay correction (ds) is executed by the whole-body assembly algorithm.

The overall decay correction factor (d) is recorded in the syngo database for the whole-body image at the instance level. A change to the decay correction factor also affects another instance-level attribute: the scale slope.
PETsyngo decay-corrects PET images back to the scan start time so that the image reconstruction only relies on the scan attributes themselves and one external factor: isotope half life – which can be considered fixed for a certain protocol. This allows PET image reconstruction to be decoupled from the radiopharmaceutical injection time, which is an attribute on the series level. A change of or correction to the injection time does not require image-level changes or a rerun of the image reconstruction.

PETsyngo 2.x uses the PET sinogram series time (which is the same as the scan start time of the first bed) as the image series time. 
In PETsyngo 3.x the whole-body acquisition and reconstruction are out of sync due to the introduction of a data model change that allows more than one whole-body scans to be performed under one PET sinogram series. The implementation of the whole-body acquisition also places the sinogram series time earlier than the acquisition start time of the first acquisition. This could cause the decay correction algorithm to over-correct if the second whole-body scan is preceded by another radiopharmaceutical injection. For short half-life isotopes, this could result in image overflow if there is a relatively long time elapse between the start of the first scan and the second injection.
PETsyngo 4.x corrected this problem by forcing the PET image series time to be the same as the acquisition start time of the first bed of each whole-body scan. This is true even for the case of partial reconstruction, i.e., even if only the last bed is reconstructed, the image series will still be the scan start time of the first bed. In addition PETsyngo 4.x also added the frame reference time value which is zeroed in PETsyngo 2.x and 3.x.
Assume the PET image series time is not altered, one way to calculate SUV is to use the decayed injection dose at the PET image series time. It is important to note that to preserve the consistency among the attributes, the PET image series time should not be altered by an application. PET image series date and time are used as the reference for all PET Image attributes that are temporally related, including activity measurements.
In the unlikely case where the PET image series time is changed, assume the image acquisition time and actual frame duration remain unchanged, and the original PET image series time can still be recovered by using (6), (2) and (3). For the above algorithm to work it is important for an application that derives image slices from multiple PET transaxial slices of the original PET image series to maintain the consistency of the acquisition time, decay factor and frame reference time of the derived images.
Radiopharmaceutical start time

DICOM only defines the time part for the radiopharmaceutical injection date/time. This is particularly inconvenient for isotopes of long half life used in PET calibration phantoms. The time value is encoded in the following format:


hhmmss.xxxyyy

where hh, mm and ss are two-digit representations of 24-hour based values of hours, minutes and seconds of the day. xxx is the milliseconds and yyy is the microseconds.
PETsyngo uses yyy portion to encode the day-offset between the injection date and the PET image series date. Up to 999 days in day-offset can be encoded in this format.

Appendix

The following attributes are involved in the calculation of decay correction:
	Tag
	Module
	Name

	(0018,1075)
	PET isotope
	Radionuclide Half Life

	(0008,0021)
	General Series
	Series Date

	(0008,0031)
	General Series
	Series Time

	(0008,0022)
	PET Image
	Acquisition Date

	(0008,0032)
	PET Image
	Acquisition Time

	(0018,1242)
	PET Image
	Actual Frame Duration

	(0054,1300)
	PET Image
	Frame Reference Time

	(0054,1321)
	PET Image
	Decay Factor
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	Tsi = Tss = Taq(1)
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	Tsi(1) = … = Tsi(m) = Tss < Taq(1,1)
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	Tsi(m) = Taq(m,1) > Tss
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 λ = ln(2)/ T1/2	(1)





tav =  1/ λ * ln(λ*tfd / (1 – exp(-λ*tfd)))	(2)





tfr = (Taq – Tsi) + tav	(3)





df = λ*tfd/(1 – exp(-λ*tfd))	(4)





ds = exp(λ*(Taq-Tsi))	(5)





d = df*ds = exp(λ*tfr)	(6)
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