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Description
BACKGROUND

[0001] The present embodiments relate to calibration for functional imaging. Calibration is provided for quantitative
functional imaging.

[0002] Functional imaging uses a radioisotope or radiotracer to determine metabolic function within a patient. For
example, the uptake of the radiotracer by tissues in the body is measured. Positron emission tomography (PET) and
single photon emission computed tomography (SPECT) are two types of functional imaging. The emissions from the
radiotracer are detected in the functional imaging. The activity concentration (i.e., the concentration of the radiotracer
from different locations) is reconstructed from the detected emissions.

[0003] The reconstruction uses the sensitivity of the detector for the quantitative reconstruction of emissions. This
sensitivity may be calibrated, but contributes a possible source of error in quantitative functional imaging. If a class
standard sensitivity is used, the detector specific sensitivity may be different. Similarly, the uncertainty of the exact dose
applied to the patient introduces another source of error in quantitative functional imaging. The dose value for the liquid
isotope applied to the patient may be inaccurate.

[0004] For quantitative functional imaging, both accurate activity concentration and uptake values are desired. The
goal is to provide a global baseline that is free of system (detector and dose calibrator) variability so that any measured
change for a patient over time in either quantity is due to metabolic reasons. U.S. Published Patent Application No.
2015/0196268 teaches cross-calibration to remove or reduce injected dose error and detector sensitivity error in quan-
titative functional imaging. By using measures from both the radiotracer for the patient and factory calibrated sources,
the variability due to dose may be removed. However, cross-calibration may be difficult to implement given the various
options available for functional imaging.

BRIEF SUMMARY

[0005] By way of introduction, the preferred embodiments described below include methods, systems, and non-tran-
sitory computer readable media for application of cross-calibration for a quantitative SPECT or other functional imaging
system. During calibration of a SPECT system, system-specific sensitivities and cross-calibration factors for multiple
isotopes for correcting for dose are determined for various combinations of options, including the option of which specific
well counter with which to measure the dose. The options may include selected energy windows for isotopes with multiple
energy windows. This arrangement allows for custom-specified isotopes not included in standard listings. For use with
a particular patient, the cross-calibration factor for the well counter used to measure the dosage for the patientis accessed
and used for dose correction. More accurate quantitative functional information may result from the corrected dose. The
cross-calibration may be more easily implemented despite the options using the sensitivities and cross-calibrations
provided for various combinations.

[0006] In afirst aspect, a method is provided for application of cross-calibration for a quantitative SPECT system. The
SPECT system at a facility has a detector configured to operate with different collimators to detect emissions from liquid
radiotracers with injected dosages measured by well counters. The liquid radiotracers include isotopes. A first table of
system specific planar sensitivities is generated. The first table includes one of the system specific planar sensitivities
for each unique combination of isotope, energy of isotope, collimator, detector, and well counter. A second table of cross-
calibration factors is generated. The second table includes one of the cross-calibration factors for each unique combination
of the isotope, the collimator, the energy of the isotope, the detector, and the well counter. The cross-calibration factors
are a function of the system specific planar sensitivities. Identities of a first one of the well counters used for a patient,
a first one of the collimators used for the patient, a first one of the detectors used for the patient, a first one of the doses
used for the patient, and a first one of the isotopes used for the patient are received. A dose correction is calculated with
a first one of the cross-calibration factors selected based on the identities. Activity concentration in a patient having the
first isotope at the first dose measured by the first well counter and corrected with the dose correction is estimated. The
activity concentration is estimated from a scan by the SPECT system using the first detector and first collimator. An
image of the activity concentration is generated.

[0007] In a second aspect, a non-transitory computer readable storage medium has stored therein data representing
instructions executable by a programmed processor for application of cross-calibration in a SPECT system. The storage
medium includes instructions for: receiving input of identity of first and second radioactive sources, searching for char-
acteristics of the first and second radioactive sources from a standardized list of sources and from a custom list of un-
standardized sources, determining system-specific sensitivity for the SPECT system and a cross-calibration factor re-
lating radioactive sources, the determining being a based on the characteristics, and generating a quantitative SPECT
image as a function of the system-specific sensitivity and the cross-calibration factor, and receiving input of identity of
at least one well counter used to determine dose for the first radioactive source, and wherein determining the system-
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specific sensitivity and the cross-calibration factor comprises determining based on the at least one well counter.
[0008] In a third aspect, a system is provided for application of cross-calibration in functional imaging quantification.
The system comprises a functional imaging system with a detector, a well counter, a first isotope source, a second
isotope source, a processor configured to determine a sensitivity for the detector, the sensitivity responsive to a measure
by the well counter, and to determine a cross-calibration between the first and second isotope sources as a function of
the sensitivity, the cross-calibration being specific to the well counter, search a table of cross-calibrations including the
cross-calibration based on a selection of the well counter and to correct a patient dose measured by the well counter,
the correction being a function of the cross-calibration. The system further comprises a memory configured to store the
sensitivity and the cross-calibration in tables linked to the well counter.

[0009] The present invention is defined by the following claims, and nothing in this section should be taken as a
limitation on those claims. Further aspects and advantages of the invention are discussed below in conjunction with the
preferred embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The components and the figures are not necessarily to scale, emphasis instead being placed upon illustrating
the principles of the invention. Moreover, in the figures, like reference numerals designate corresponding parts throughout
the different views.

Figure 1 is a flow chart diagram of one embodiment of a method for cross-calibration in functional imaging;

Figure 2 is a block diagram of a system, according to one embodiment, for cross-calibration in functional imaging;
Figure 3is ablock diagram of a system, according to one embodiment, for application of cross-calibration in functional
imaging

Figure 4 is a flow chart diagram of one embodiment of a method for application of cross-calibration in functional
imaging;

Figure 5 illustrates an example user interface for inputting dose and well counter information;

Figure 6 is an example list with added isotopes for customization beyond standard isotopes;

Figure 7 illustrates an example user interface for selecting energy windows for isotopes with multiple energy windows;
Figure 8 shows generation of a sensitivity table;

Figure 9 illustrates an example user interface for outputting sensitivity information;

Figure 10 shows an example generation of a cross-calibration table; and

Figure 11 illustrates an example user interface for inputting well counter and energy windows and outputting cross-
calibration information.

DETAILED DESCRIPTION OF THE DRAWINGS AND PRESENTLY PREFERRED EMBODIMENTS

[0011] A general framework for cross-calibration is provided for quantitative SPECT imaging. In U.S. Published Patent
Application No. 2015/0196268, cross-calibration is taught for quantitative SPECT imaging. Cross-calibration captures
the calibration uncertainty of the well counter(s) in a clinical site using two radioactive sources, with one of the radioactive
sources being a factory calibrated with National Institute of Standards and Technology (NIST) traceability. In any quan-
titative assessments of functional medical imaging in general, and SPECT imaging in particular, one of the key quantities
is the dose injected into an object (e.g., patient or phantom) under study. This quantity typically is based on a reading
of awell counter (dose calibrator). Different clinical sites may use different well counters and may have different calibration
standards. As a result, there will be variations in terms of the accuracy of the measurements. To overcome this variability
within a clinical site and among different sites, the system specific sensitivities in each clinical site are cross-calibrated
with a set of pre-calculated class standard sensitivities.

[0012] A framework to carry out this cross calibration is provided. The framework includes three modules: a module
to estimate the detector sensitivities for a given isotope, with proper energy ranges of the isotope, and the collimators
used; a module to compute the system specific cross-calibration factors based on two isotopes; and a module to apply
the cross-calibration factors to correct the injected dose during clinical applications. This framework is general (e.g., the
framework can handle any radio isotopes available for medical imaging and/or can handle combinations of photo-peak
energy ranges and scattered photon energy ranges), is flexible (e.g., options for the user interface and configurable
settings), and is easy to use (e.g., deployed on a SPECT system). The framework accounts for different well counters,
so the cross-calibration is specific to the well counter. The remaining specification is divided into two portions. The first
portion (Cross-Calibration) discloses cross-calibration as provided in U.S. Published Patent Application No.
2015/0196268. The second portion (Application of or Framework for Cross-Calibration) then adds the framework or
application of the cross-calibration. This application includes incorporation of considerations for non-standard isotopes,
isotopes with multiple energy windows, and well-counter specific considerations for the cross-calibration.
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CROSS-CALIBRATION

[0013] Ratherthanincluding inaccuracy from liquid radioisotope measures, a system specific sensitivity of the detector
to a factory calibrated long-lived point source is measured and used to calculate sensitivity of the detector to the liquid
radioisotope. A ratio of class standard sensitivities for long lived and liquid radioisotopes is used with the measured
system specific sensitivity to a factory calibrated long-lived point source to calculate the system specific sensitivity to
the liquid radioisotope. A cross-calibration factor for correcting the injected dose of liquid radioisotope is a ratio of the
calculated system specific sensitivity to the liquid radioisotope and a measured liquid radioisotope sensitivity referenced
to the dose calibrator. The calculated system specific sensitivity to the liquid radioisotope is used in reconstruction of
the activity concentration, providing accurate activity concentration despite variability in the dose. The corrected dose
and activity concentration are used to quantify accurate uptake despite the use of class standards.

[0014] This approach provides global as well as local baselines by eliminating both camera and dose calibrator vari-
ability. Different quantitative measures for a patient at different times and/or with different functional imaging systems
are comparable. The quantitative evaluation is comparable across populations or between patients, assisting in diagnosis
and/or therapy for a given patient. Any changes over time are more likely due to change in function rather than detector
or dose variance.

[0015] Figure 1 shows one embodiment of a method for cross-calibration in quantitative single photon emission com-
puted tomography (SPECT) or positron emission tomography (PET). Other functional imaging may be used. For activity
concentration estimation or uptake calculation (e.g., specific uptake value calculation), the dose and detector sensitivity
are calibrated in a way removing variability due to both dose and detector. The examples below are provided for SPECT,
but may be used in PET or other functional imaging modality.

[0016] The method is applied for a given scan of a given patient. By applying the method to different scans of the
patient, the resulting quantities may be compared and have little to no variance due to differences in dose and detector.
The different scans use the same or different detectors and/or doses. Similarly, the quantities may be compared between
patients to establish norms or deviation from norm. Without the cross-calibration, comparison of activity concentration
or uptake over time, detectors, doses, and/or patients is subject to variance unrelated to the metabolic function of the
patient or patients.

[0017] Additional, different, or fewer acts may be performed. For example, acts 36-40 are not provided. As another
example, acts 42 and/or 44 are not provided. In other examples, acts related to positioning the patient, configuring the
SPECT scanner, and/or SPECT imaging are provided.

[0018] The acts are performed in the order shown or a different order. For example, act 36 is performed prior to act
34. As another example, act 42 is performed before act 40, 38, and/or 36. Acts 30 and 32 may be performed in any order.
[0019] In act 30, class standard sensitivities of the detector are obtained. The sensitivities are obtained by loading
from memory, transfer, and/or measurements. Averages of multiple independent measurements from a number of
different systems in the same class may be used.

[0020] For SPECT, the sensitivities are planar sensitivities of a gamma camera class. The detectors include photom-
ultiplier tubes or other photon detectors layered with a scintillation crystal. The photomultiplier tubes are arranged along
a rectangular or other grid to provide a two-dimensional planar array for detecting gamma radiation. Other types of
detectors may be used, such as a ring of detectors in PET.

[0021] Any class or grouping may be used, such as defining a class as a given construction (e.g., materials and array
configuration) with or without a specific collimator and/or scintillator crystals. For a given class, a number of different
gamma cameras are manufactured to be used in a respective number of different SPECT systems. Different types of
SPECT systems may use the same or different class of detectors.

[0022] The class of detectors has a class sensitivity to radiation sources. Different classes have different sensitivities.
Within a class, given detectors may have different sensitivities, but generally have similar sensitivities. For a class
sensitivity, the average sensitivity is calculated from measurements by any number (e.g., tens or hundreds) of members
of the class.

[0023] To determine the class standard sensitivity, a point or other source of gamma radiation is positioned at a fixed
distance (e.g., 20 cm) from the detectors. Counts of detected gamma photons from both the main photo peak(s) and
the scatter(s) are collected by the detectors. The time from the first count to a given number of counts is determined.
The sensitivity is the number of main photo peak(s) counts, after scatter correction, divided by the time and the dose of
the source. Other calculations of sensitivity may be used.

[0024] Class standard (CS) sensitivity, S| | (CS), is measured for a factory calibrated long-lived (LL) point source. Any
size point source may be used, such as 1 mm3. The long-lived or factory calibrated point source has a known dosage
that is precise. Any amount of precision or tolerance may be provided, such as being more precise (e.g., by a factor of
10) than of a dose of a lab provided liquid radiotracer.

[0025] Class standard sensitivity, S| g(CS), is also measured for a liquid radiotracer (LR). The liquid radiotracer is
encased in a sphere or other phantom to act as a point source. The detector sensitivity to the liquid radiotracer is
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measured by the various detectors and averaged. For determining a class standard, different batches of the radiotracer
may be provided at different times to measure with all members of the group of detectors of the testing class. Alternatively,
one batch is used for all of the class standard sensitivity measurements. Since the dose of the liquid radiotracer has
more variability or is less precise, the resulting class standard sensitivity for the liquid radiotracer may be less precise
than the class standard sensitivity for the long-lasting point source.

[0026] Any radiotracer may be used, such as 99Tc. The class standard sensitivity for the long-lived point source has
a dose that is close (e.g., within 10%) or the same as for the liquid radiotracer. The class standard sensitivities for the
liquid radiotracer are for the same radiotracer to be used for patient examination. For example, different class standard
sensitivities are obtained for different radiotracers. Alternatively, the class standard for the liquid radiotracer is a different
radiotracer than used for examining a patient.

[0027] In act 32, a system specific sensitivity, S| | (SS), of a detector to a long-lived point source is measured using
the detector, atimer, and processor. For a given SPECT system, the planar gamma camera is used to measure sensitivity.
The sensitivity of the specific SPECT system gamma camera of the class of cameras is measured.

[0028] The same or different long-lived point source used for determining the class standard is used. For example, a
technician periodically maintains or calibrates a given SPECT system at a medical institution. As part of the maintenance,
the system specific sensitivity to a long-lived point source provided and positioned by the technician is measured. This
is a different point source than used for the class standard measurements used by others at a testing lab, manufacturing
facility, or other medical institutions. In another example, the system specific sensitivity to the long-lived or factory
calibrated point source is measured after manufacture but before providing to the medical institution. The same point
source used for the class is used. Alternatively, a different point source with the same or similar (e.g., within 10%) dose
in Becquerel is used. Due to the factory calibration of the long-lived point source, the same calibration accuracy, inde-
pendent of the site dose calibrator, is provided. In yet other embodiments, the point source used has a difference in
energy greater than 10% from the point source used in the class standard measurements. Using a known dose provided
with the precision of factory calibration, the sensitivity of the gamma camera is measured with less variability as compared
to measurements from liquid radiotracers.

[0029] The same or different sensitivity measure is used for the system specific sensitivity as for the class standard.
For example, the time to reach a given number of counts with the dose known for the point source is used. The number
of counts used in both the class standard and system specific measurements is the same or different.

[0030] In act 34, a system specific sensitivity, S| g(SS), to a liquid radiotracer is calculated. Rather than measuring
the system specific sensitivity using the liquid radiotracer to be injected into a patient, a processor calculates the system
specific sensitivity. For SPECT, the system specific sensitivity is a planar sensitivity of a gamma camera. Placing the
radiotracer in a phantom or point source container may be avoided. Instead, the sensitivity of the specific detector is
calculated using various other information, such as the class standard sensitivity to a radiotracer with the same or similar
energy or dose in Becquerel.

[0031] The system specific sensitivity to the liquid radiotracer is calculated using the class standard sensitivities of the
detector class (e.g., type of planar gamma camera class) to the liquid radiotracer source and the long-lived source of
act 30. The system specific sensitivity of the detector (e.g., gamma camera) to the long-lived source measured in act
32 is also used in calculating the system specific sensitivity to the liquid tracer. In one embodiment, the system specific
sensitivity is calculated as a result of a (1) product of the class standard planar sensitivity to the liquid radiotracer source
with the system specific planar sensitivity to the long-lived source being (2) divided by the class standard planar sensitivity
to the long-lived source. This function is represented as:

SLR(SS) = (SLr(CS) X SLL(SS))/ SL(CS).

[0032] The ratio of the class standard sensitivities for liquid and long-lived sources is assumed to be the same as the
ratio of system specific sensitivities for liquid and long-lived sources. Since the precise system sensitivity to the long-
lived source is measured in act 32, the liquid radiotracer sensitivity is derived by the processor. Reliance of the dose
calibration accuracy for the liquid radiotracer is avoided. Other functions with or without constants or different mathematical
operations may be used. In an alternative embodiment, the system specific sensitivities for both the reference source
and the injected source is an independent calculation that does not use information from class standard sensitivity.

[0033] In act 36, a dose calibrator referenced liquid radiotracer sensitivity, S| r(XC), is measured and received. The
processor receives the dose value from user input, loading from memory, or network transfer. In one embodiment, the
dose calibrator referenced sensitivity is measured using a local dose calibrator and the gamma camera. For example,
the dose calibrator referenced liquid radiotracer sensitivity is measured as disclosed in U.S. Published Application No.
2014-0371580. A detector of a gamma camera is configured such that a radioactive point source is positioned within a
field of view at a fixed distance from the detector. A predetermined number of gamma photons emitted by the point
source and passed through a collimator are acquired. A system-specific planar sensitivity is computed for a combination
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of the collimator and detector using the number of gamma photons acquired, a time duration of the acquisition, and
precalibrated radioactivity data of the point source corrected for decay that occurred after a precalibration time. For
example, the measure performed in act 32 is used.

[0034] A deviation of the computed system-specific planar sensitivity from a class standard sensitivity value for a
combination of the radioactive point source, the collimator, and the detector is computed. A class standard sensitivity
value for a combination of a radiopharmaceutical, the collimator, and the detector is scaled by the computed deviation,
yielding a scaled system-specific sensitivity value for the radiopharmaceutical. Other approaches may be used, such
as measuring a ratio of observed counts to number of disintegrations in the radioactive source of a dose calibrator. This
measurement is received by the acquisition computer.

[0035] The lab providing the liquid radiotracer to inject into the patient provides dose, such as a value in Becquerel.
This dose is of the same type of liquid radiotracer used for the class standard sensitivity measurements, but may be of
a different type of radiotracer. The lab provides the dose value of the liquid radiotracer measured using the local dose
calibrator.

[0036] Inact38,across-calibration factor, F,, is determined. The cross-calibration factor accounts for both the detector
sensitivity and the dose or liquid radiotracer sensitivity. The dose calibrator referenced liquid radiotracer sensitivity,
S| r(XC), of the liquid radiotracer to be injected into the patient and the system specific planar sensitivity to the liquid
radiotracer are combined as a cross-calibration function. Both the calibration for the dose and the calibration for the
system specific detector are used. Other terms may be used.

[0037] In one embodiment, the cross-calibration factor is a ratio. The system specific planar sensitivity to the liquid
radiotracer is divided by the dose calibrator referenced liquid radiotracer sensitivity, as represented by:

Fxc = SLR(SS)/SLr(XC)

This function provides a ratio of measured to derived sensitivity. The cross-calibration value is a function of a system
specific sensitivity to a patient specific radiotracer calculated from the system specific sensitivity to the long-lived point
source and a dose calibrator referenced radiotracer sensitivity. Other functions may be used.

[0038] In act 40, a dose value is corrected by the processor. The dose value is of the liquid radiotracer to be injected
into the patient. The lab providing the radiotracer provides the dose, such as a value in Becquerel. The dose value is
used in calculating uptake from the activity concentration. Prior to such use, the dose value is corrected using the cross
calibration factor.

[0039] The dose value is corrected with the cross-calibration factor. Since the cross-calibration factor includes the
system specific sensitivity to the long-lived point source through the calculation of the system specific sensitivity to the
liquid radiotracer, the correction is a function of the system specific sensitivity of the factory calibrated, long-lived point
source. Correcting the injected dose by Fxc may result in accurate uptake values free of either camera specific or local
dose calibrator specific variations. Variations due to potentially asynchronous clocks between the camera system and
the dose calibrator may be removed by the correction.

[0040] For correction, the cross-calibration factor is used directly. For example, the dose value is multiplied by or with
the cross-calibration value. Other functions may be used. In alternative embodiments, the cross-calibration factor is used
to look-up a weight or other adjustment applied to the dose value. In either the direct or indirect sense, the injected dose
value for a radiotracer used in a patient is corrected with the cross-calibration value.

[0041] In act 42, the activity concentration is estimated. The activity concentration in a patient having received the
liquid radiotracer is determined as part of reconstruction by the functional imaging system. After ingesting or injecting
the radiotracer into the patient, the patient is positioned relative to the detector and/or the detector is positioned relative
to the patient. Emissions from the radiotracer within the patient are detected over time. To determine the locations within
the patient at which the emissions occurred, the detected emissions are reconstructed into an object space.

[0042] Forreconstruction, the activity concentration (e.g., quantitative SPECT) is reconstructed using a system matrix.
Distribution of emissions in a volume or image data is reconstructed from the detected emissions. The quantity or amount
of uptake for each location (e.g., voxel) is estimated as part of the reconstruction in computed tomography. The SPECT
imaging system estimates the activity concentration of an injected radiopharmaceutical or tracer for the different locations.
In quantitative SPECT, the goal is to estimate the activity concentration in kBg/ml of the tracer (i.e., isotope) that was
injected into and distributed within the patient.

[0043] The reconstruction is iterative and contains a model of the imaging formation physics as a pre-requisite of
quantitative reconstruction. The image formation model includes the detected data (e.g., counts), the system matrix,
isotope properties (e.g., corrected dose value), and biology. The system matrix represents mechanical properties of
system, but may include other information (e.g., injection time and patient weight as represented by SUV).

[0044] Reconstruction includes a projection operator that is able to simulate a given SPECT system or SPECT class.
Any now known or later developed reconstruction methods may be used, such as based on Maximum Likelihood Ex-
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pectation Maximization (ML-EM), Ordered Subset Expectation Maximization (OSEM), penalized weighted least squares
(PWLS), Maximum A Posteriori (MAP), multi-modal reconstruction, NNLS, or another approach.

[0045] The reconstruction uses the system matrix representing various aspects of the detection of the emissions,
including modeling the imaging physics. The imaging physics includes aspects of the SPECT system, such as calibration
of the SPECT system. The system matrix includes the detector sensitivity, such as the system specific sensitivity to the
liquid radiotracer used in the patient. The system specific sensitivity (e.g., gamma camera planar sensitivity in SPECT)
is used in the estimation of the activity concentration. The system specific sensitivity to the liquid radiotracer calculated
in act 34 is used. Accordingly, the estimation is a function of the class standard sensitivities of act 30 and the measured
system specific sensitivity to the calibrated or long-lived source of act 32. The corrected dose is included as part of the
system matrix or as a separate isotope data used in reconstruction.

[0046] Using S| r(SS) for activity concentration estimation by the reconstruction engine may produce activity concen-
trations that are accurate and free of or less responsive to camera specific or local dose calibrator specific variations.
The reconstructed activity concentrations may be free or be less responsive to asynchronous clocks between the camera
system and the dose calibrator.

[0047] In act 44, specific uptake values (SUVs) are calculated by the processor of the functional imaging system. The
activity concentration represents the amount of uptake at each location. This amount of uptake is a measure of emitted
radiation, so is not normalized for the radiation dose provided to the patient. As a result, comparing uptake from different
times may not be useful unless the same does is provided. By calculating the SUV, uptake normalized for dose is
provided, allowing comparison of different measures.

[0048] The SUV for each location or for some of the locations is calculated. The SUV is a function of the activity
concentration for that location and the corrected dose value from act 40. The activity concentration is divided by the
corrected injected dose value. Other functions may be used. For example, the SUV may be a function of the body mass
orother physical characteristic of the patient. The uptake magnitude represented in the activity concentration is normalized
for both dose and body mass.

[0049] Due to the cross-calibration, measurement of the system specific sensitivity to the calibrated, long-lived source,
and use of measurements from both the long-lived and liquid radiotracer sources, the SUV may be compared over time
or from different examinations. Different radiotracer dose and/or different detectors may be used. Where the different
examinations use the approach of Figure 1, the resulting difference in SUVs represents diagnostic or metabolic difference
rather than difference due to variance in detector or dose. Quantification in functional imaging, such as SPECT, provides
both accurate activity concentration and accurate SUVs.

[0050] Figure 2 shows a system 10 for cross-calibration in functional imaging. The system 10 includes an SPECT
scanner 10, a processor 12, a memory 14, and a display 16. The processor 12, memory 14, and/or display 16 are part
of the SPECT scanner 10 or are separate (e.g., a computer or workstation). Additional, different, or fewer components
may be provided. For example, the system is a computer without the SPECT scanner 10. As another example, user
input, patient bed, or other SPECT related devices are provided. Other parts of the system may include power supplies,
communications systems, and user interface systems. In yet another example, a PET scanner or other functional imaging
system is provided instead of the SPECT scanner 10.

[0051] The SPECT scanner 10 is a SPECT system. As a SPECT system, a detector 18 is provided. Other components
may be provided, such as collimator. Any now known or later developed SPECT scanner 10 may be used.

[0052] The detector 18 is a gamma camera connected with a gantry. The gamma camera is a planar photon detector,
such as having crystals or scintillators with photomultiplier tubes or other optical detector. The gantry rotates the gamma
camera about the patient. During scanning of a patient, emission events are detected with the camera at different
positions or angles relative to the patient. For sensitivity measurements from a point source 22 at a distance d from the
detector 18, the gamma camera may be stationary.

[0053] The SPECT scanner 10, using the detector 18, detects emissions from the point source 22 for measuring
system specific sensitivity. The point source 22 may be at any position in the 2D transverse direction, t, relative to the
detector 18, but is preferably centered. The emissions are measured with the point source 22 at any distance, d.
[0054] The point source 22 is a long-lived, factory calibrated point source. Any size point source may be used, such
asa 1 mm3 vessel, with the long-lived radioisotope. The dose of the point source 22 is known with any degree of accuracy.
The dose is measured at a factory with equipment having greater accuracy than used in labs providing liquid radiotracers.
Any now known or later developed point source may be used. The point source 22 is used as a calibration radiotracer
source. The long-lived point source 22 is for calibrating. The point source 22 is positioned relative to the detector 18 for
measuring detector or system specific sensitivity to the point source.

[0055] The SPECT scanner 10 may include a timer. The timer measures a period from activation of detection through
to reaching a number of counts. The emission events detected by the detector 18 are counted over time to calculate the
sensitivity. The SPECT scanner 10, using the processor 12 or another processor, is configured to measure the system
specific sensitivity of the detector 18 to the long-lived point source 22.

[0056] Forimaging uptake in a patient, the detector 18 detects emissions from the patient. The emissions occur from
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any location in a finite source (i.e., the patient). The radiotracer in the patient migrates to, connects with, or otherwise
concentrates at specific types of tissue or locations associated with specific biochemical reactions. As a result, a greater
number of emissions occur from locations of that type of tissue or reaction. For example, the radiotracer is designed to
link with locations of glucose uptake, fatty acid synthesis, or other metabolic process.

[0057] The SPECT scanner 10, using the processor 12 or another processor, is configured to reconstruct the imaged
volume by applying a system matrix to the detected data. Any reconstruction may be used to estimate the activity
concentration in the patient. The processor 12 is used to perform the reconstruction, or the SPECT scanner 10 has
another processor that performs the reconstruction. The SPECT scanner 10 accesses the detected emission events
from the memory 14 or buffers to reconstruct. The system matrix includes a system specific sensitivity for the liquid
radiotracer provided to the patient. This sensitivity is used for the reconstruction. The reconstruction also uses a dose
value for the radiotracer applied to the patient.

[0058] The processor 12 is a general processor, digital signal processor, graphics processing unit, application specific
integrated circuit, field programmable gate array, digital circuit, analog circuit, combinations thereof, or other now known
or later developed device for processing emission information. The processor 12 is a single device, a plurality of devices,
or a network. For more than one device, parallel or sequential division of processing may be used. Different devices
making up the processor 12 may perform different functions, such as one processor (e.g., application specific integrated
circuit or field programmable gate array) for reconstructing and another for calculating a cross-calibration function and/or
system specific sensitivity to a radiotracer to be injected. In one embodiment, the processor 12 is a control processor
or other processor of SPECT scanner 10. In other embodiments, the processor 12 is part of a separate workstation or
computer.

[0059] The processor 12 operates pursuant to stored instructions to perform various acts described herein, such as
calculating of act 34, counting or controlling the counting and calculation of the system specific sensitivity to the point
source 22 for the measurement of act 32, receiving the dose calibrator sensitivity in act 36, determining the cross-
calibration factor of act 38, correcting the dose of act 40, estimating activity concentration of act 42, and/or calculating
uptake values of act 44. The processor 12 is configured by software and/or hardware to perform, control performance,
and/or receive data resulting from any or all of the acts of Figure 1.

[0060] In one embodiment, the processor 12 is configured to reduce variability due to dose and detector sensitivity of
uptake values and activity concentration output by the functional imaging system (e.g., the SPECT scanner 10) for a
patient. The processor 12 is configured to reduce variability as a function of a class standard sensitivity to a liquid
radiotracer source and a system specific sensitivity to the calibration radiotracer point source 22. The class standard
sensitivities to a liquid radiotracer and to a long-lived point source are loaded from memory 14 or received by transfer.
These sensitivities provide a ratio that may be used with the measured system specific sensitivity to a same or different
point source 22 for calculating, by the processor 12, the system specific sensitivity to the liquid radiotracer. Using dose
calibrator liquid radiotracer sensitivity, the processor 12 is configured to calculate a cross-calibration or dose correction
factor. The sensitivity is input to the processor 12 with user interface, loaded from memory 14, or transferred over a
network. The correction factor and calculated system specific sensitivity may reduce variability in reconstruction and/or
calculation of specific uptake values.

[0061] The processor 12 is configured to correct the input dose of the liquid radiotracer provided to the patient. The
correction factor is multiplied with the dose. Based on this corrected dose, the processor 12 is configured to calculate
SUVs. The SUV at one or more locations are calculated by normalizing the activity concentration with the corrected
dose. The resulting SUVs have less variability due to the system and/or dose, so more likely represent changes in
metabolic function of the patient.

[0062] The detected emission events, other functional information, or other scan data is stored in the memory 14. The
data is stored in any format. The memory 14 is a buffer, cache, RAM, removable media, hard drive, magnetic, optical,
database, or other now known or later developed memory. The memory 14 is a single device or group of two or more
devices. The memory 14 is part of SPECT scanner 10 or a remote workstation or database, such as a PACS memory.
[0063] The memory 14 may store data at different stages of processing, such as counts, time to reach a count, raw
data representing detected events without further processing, filtered or thresholded data prior to reconstruction, recon-
structed data, filtered reconstruction data, system matrix, projection data, thresholds, an image to be displayed, an
already displayed image, or other data. The memory 14 or a different memory stores class standard sensitivities loaded
into or provided to the SPECT scanner 10. The memory 14 or a different memory stores the cross-calibration factor
and/or any of the sensitivities. For processing, the data bypasses the memory 14, is temporarily stored in the memory
14, or is loaded from the memory 14.

[0064] The memory 14 is additionally or alternatively a non-transitory computer readable storage medium with process-
ing instructions. The memory 14 stores data representing instructions executable by the programmed processor 12. The
instructions forimplementing the processes, methods and/or techniques discussed herein are provided on non-transitory
computer-readable storage media or memories, such as a cache, buffer, RAM, removable media, hard drive or other
computer readable storage media. Computer readable storage media include various types of volatile and nonvolatile
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storage media. The functions, acts or tasks illustrated in the figures or described herein are executed in response to
one or more sets of instructions stored in or on computer readable storage media. The functions, acts or tasks are
independent of the particular type of instructions set, storage media, processor or processing strategy and may be
performed by software, hardware, integrated circuits, firmware, micro code and the like, operating alone orin combination.
Likewise, processing strategies may include multiprocessing, multitasking, parallel processing and the like. In one em-
bodiment, the instructions are stored on a removable media device for reading by local or remote systems. In other
embodiments, the instructions are stored in a remote location for transfer through a computer network or over telephone
lines. In yet other embodiments, the instructions are stored within a given computer, CPU, GPU, or system.

[0065] The display 16 is a CRT, LCD, plasma screen, projector, printer, or other output device for showing an image.
The display 16 displays an image of the reconstructed functional volume, such as showing activity concentration as a
function of location. The uptake function of the tissues of the patientis represented in the image. Multiplanarreconstruction,
3D rendering, or cross-section imaging may be used to generate the image from the voxels of the reconstructed volume.
Alternatively or additionally, any quantities derived by the processor 12 may be displayed, such as SUVs and/or change
in SUV. Other quantities may be determined, such as average SUV or activity concentration for a region, maximum
SUV, peak SUV in a predetermined unit volume, variance in activity concentration, or total SUV.

APPLICATION OF OR FRAMEWORK FOR CROSS-CALIBRATION

[0066] The cross-calibration of Figures 1 and 2 is implemented in any of various ways. Figures 3-11 show example
frameworks for implementing cross-calibration. These frameworks for calibration of a SPECT system can be used for
later dose correction in imaging a specific patient. Tables of sensitives and cross-calibration factors are generated for
unique combinations of well counter and other options. For use with a particular patient, the sensitivities and cross-
calibration factor for a given situation are loaded from the tables and used in dose correction and reconstruction.
[0067] Figure 3 shows one embodiment of a system for application of cross-calibration in functional imaging quanti-
fication. The system of Figure 3 is the system of Figure 2, but presented in a different context. The system implements
the framework, so is associated with various imaging options.

[0068] The functional imaging system is provided for use by an entity, such as research team, for a clinical study, by
hospital physicians, or other organization. In the embodiment shown, the functional imaging system is a SPECT system
10. This SPECT system 10 is at a facility, such as a research institute, clinical study location, or hospital.

[0069] The SPECT system 10 has one or more detectors 18, such as two detectors 18 (e.g., two planar gamma
cameras). Different detectors 18 may have different sensitivities and/or result in different cross-calibration factors. The
SPECT system 10 includes one or more collimators 21. Different collimators 21 may be used in different situations. The
different collimators 21 may result in different sensitivities of the detector 18. For a given scan, one collimator 21 may
be selected and used while other collimators 21 are not. The sensitivity and cross-calibration may be different for different
detectors and/or collimators.

[0070] The facility has one or more well counters 26 (e.g., dose calibrators). The well counters 26 measure the dose
to be provided to a patient. The assay sent for injection into a patient and/or the residual left after injection of the patient
may be measured. With multiple well counters 26 available, a given well counter is used to measure a given dose.
Different well counters 26 or the same well counter 26 may be used at different times. Due to age, design, and/or
manufacture, different well counters 26 may provide different dose values for a same dose. The sensitivity and cross-
calibration may be different for different well counters.

[0071] A plurality of isotope sources 22, 24 are provided. The isotope sources 22, 24 are liquid radiotracers, factory
calibration sources, or both. The different isotope sources 22, 24 use different isotopes, with corresponding different
energy windows. One or more of the isotope sources 22, 24 may include an isotope with multiple energy windows, such
as 2-8 energy windows. The sensitivity and cross-calibration may be different for different isotopes and/or energy windows.
[0072] Other options effecting sensitivity and/or cross-calibration may be available. For scanning a particular patient,
one of each option is selected and used. For calibration, different combinations of the available options may be used to
calibrate the SPECT scanner 10 for any given combination used for a patient.

[0073] The user interface 20 is the display 16 or other output and a user input device. Any user input device may be
used, such as a keyboard, mouse, track ball, track pad, touch screen, sliders, buttons, or knobs. Any user interface
arrangements may be used, such as drop down menus, text entry fields, selection boxes, tabs, menus, or other now
known or later developed user interface options for user interaction with the SPECT scanner 10. In one embodiment,
the user interface 20 is configured by software executed by the processor 12 for selection of one energy windows for a
photo-peak window and selection of another energy windows for a scatter window.

[0074] The processor 12 is a processor of the functional imaging system, but may be a processor of a separate
computer or server. In one embodiment, the framework for applying the cross-calibration is implemented by software,
hardware, or firmware on the SPECT scanner 10. By building the framework directly on a SPECT scanner 10, the
framework is directly deployed to clinical site. SPECT scanners 10 being used as research boxes, used for clinical
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operation, or other uses of quantitative SPECT provide the framework without having to port data to other systems and/or
without arranging for interaction between different systems.

[0075] The processor 12 is configured to determine a sensitivity responsive to a measure by the well counter 26. The
sensitivity is responsive to various options, such as detector 18, collimator 21, isotope, energy window, dose, and/or
well counter 26. Each unique combination of options may have a different sensitivity. For calibration, sensitivities are
determined for multiple different unique combinations.

[0076] The sensitivity is determined as discussed above for the cross-calibration. For example, acts 30, 32, and 34
of Figure 1 are performed. By repeating the acts for different combinations, a table of system-specific sensitivities are
calculated. The table includes the sensitivity linked to the combination of options.

[0077] The processor 12 is configured to determine a cross-calibration between two isotope sources 22, 24. The cross-
calibration factor is determined as discussed above for cross-calibration. For example, acts 30-38 of Figure 1 are per-
formed. The sensitivity as calculated is used to determine the cross-calibration factor, so the table of sensitivities may
be searched to provide the information for determining cross-calibration.

[0078] The cross-calibration is responsive to various options, such as the well counter 26 used, the isotopes, the
energy windows of the isotopes, the detector 18, and/or the collimator 21. The cross-calibration, being a function of the
sensitivity, is specific to the well counter 26. A different well counter 26 used to measure dose may have a different
cross-calibration factor. Each unique combination of options may have a different cross-calibration factor. For calibration,
cross-calibrations are determined for multiple different unique combinations.

[0079] The processor 12 is configured to search a table of cross-calibrations. When being used to scan a particular
patient, the unique combination of options for that scan is identified, such as by controlling the SPECT scanner 10 and/or
inputting selections on the user interface 20. Based on the unique combination of options (e.g., well counter 26 used to
measure dose), the cross-calibration is found in the table of cross-calibrations. The processor 12 uses the cross-calibration
to correct a patient dose measured by the well counter 26. Based on the selection of the well counter 26, the patient
dose measured by the well counter 26 is corrected.

[0080] The correction uses the calibration factor. For example, the processor 12 performs act 40 of Figure 1. Using
the calibration table for cross-calibration factors, the correction appropriate for a given arrangement of the SPECT
scanner 10, well counter 26, and isotope is performed.

[0081] In another embodiment, the sensitivity for the combination or arrangement being used for a patient is located
from the table of sensitivities. The estimation of the activity concentration of act 42 of Figure 1 is performed using the
looked-up sensitivity. Where the isotope has multiple energy windows, the sensitivity and/or cross-calibration are deter-
mined specific to the photo-peak and scatter windows selected from those multiple energy windows.

[0082] The memory 14 includes instructions for the processor 12 and/or the SPECT scanner 10. The memory 14
includes instructions, as discussed above for Figure 2, for application of cross-calibration in the SPECT system.
[0083] Alternatively or additionally, the memory 14 includes input values from the user interface 20 and/or stores the
sensitivity and cross-calibration tables generated by the processor 12. The various unique combinations, such as all or
a sub-set of possible unique combinations, and corresponding determined sensitivities and/or cross-calibrations are
stored. The different combinations are linked with one or more well counters 26. The well counter 26 is one of the options
for the unique combinations.

[0084] Figure 4 shows one embodiment of a method for application of cross-calibration for a quantitative SPECT
system. The method implements a framework provided by the SPECT system, such as by software executed by a
processor or processors of a SPECT scanner. The executed instructions perform various tasks, including computing
the system sensitivities for a given isotope and collimator, derive the cross-calibration factors for specified well counter(s)
using pairs of isotopes, and correct the injected dose in quantitative applications by applying the system specific cross-
calibration factors. Each of these tasks is operated as a separate module, but may be combined or further separated.
[0085] Additional, different, or fewer acts may be provided. For example, act 56 is not provided where the isotopes
have one energy window. As another example, acts 62, 64, and 42 are not provided where the method is for populating
the tables as part of calibration. In yet another example, acts 50-60 are not provided where the method is for using the
sensitivity and/or cross-calibration tables in acts 62, 64, and 42 without calibrating to populate the tables.

[0086] The acts are performed in the order described below, numerical order, or another order. For example, acts 50,
52, and 54 are performed in any order.

[0087] The method is performed by the system of Figure 3 or a different system. For example, the user interface is
used to input the source isotopes in act 52, the well counter selection of act 50, selection of energy windows of act 56,
and other options for calibration. The processor performs acts 54, 58, and 60 with information from the well counter,
SPECT scanner (e.g., detector using a given collimator), isotope information from the memory, and/or information for
other options. Different devices or components may be used to perform different acts.

[0088] As discussed above, the SPECT system is provided at a facility. The SPECT system includes one or more
detectors configured to operate with different collimators to detect emissions from different liquid radiotracers with different
injected dosages measured by different well counters. The SPECT system at a given facility is provided with different

1"



10

15

20

25

30

35

40

45

50

55

EP 3 532 803 B9

options for collimators, isotopes, energy windows, and/or well counters available at the facility.

[0089] Different liquid radiotracers and corresponding isotopes used in the radiotracers may be used with the SPECT
system. Similarly, different factory calibration sources and corresponding isotopes used in the factory calibration sources
may be used with the SPECT system.

[0090] The available isotopes may be standard isotopes. For example, the FDA approves particular isotopes. These
isotopes are standardized, such as being available with assigned code values following the DICOM standard. The
isotopes and their characteristics (e.g., energy window(s) and half-lives) are known and used in many facilities. Some
or all of the available isotopes may not be standardized. For example, LU177 is standard in Europe, but not standard
in the US (e.g., not approved). Experimental, research, or clinical study facilities may use non-standard isotopes. A user
defines the isotopes and their characteristics. This custom isotope information may be saved in or imported to a database
and/or added to a list of available isotopes.

[0091] For creation of the sensitivity and/or cross-calibration tables, various information is received. The available
options provided at the facility are input. A sub-set of available options may be input in other embodiments. The particular
ones of the options for any given combination are selected to populate the sensitivity and cross-calibration tables for
that combination. Alternatively, the technician enters each given combination for calibration.

[0092] In act 50, the user interface receives input identifying at least one well counter. The well counter is used to
determine a dose used for calculating the sensitivity, such as determining dose of a calibrated source and/or a liquid
radiotracer source. Different well counters may be used for measuring different sources. Similarly, different well counters
may be used for measuring an assay (i.e., dose provided for injection) and residual doses (i.e., dose not injected or
remaining after injection). For calibration, there may be on residual dose as the well counter measures the assay, which
is used as a point source without injection. The well counter(s) and corresponding dose information are input for cross-
calibration.

[0093] In act 52, the user interface receives input of an identity of one or more radioactive sources. The sources are
identified. Alternatively, the isotopes used in the sources are identified. For creating the tables, a factory calibration
source or isotope and a liquid radiotracer source or isotope are input.

[0094] Figure 5 shows one example display for a user interface for inputting the isotope, dose and well counter
information. In this example, the isotope is input with identification of the collimator at 74. The isotope and collimators
are selected from a drop down. The dose for the liquid radiotracer is input in a text field at 72. Different units may be
assigned using a drop down selection. At 70, the well counter used to measure the input dose is selected from a drop
down. Different tabs, sections, and/or selections may be provided for different isotopes and/or doses.

[0095] Other types of input and/or dose information to be input may be used, such as selecting a dose as an assay
or residual dose. Other user interface arrangements may be provided.

[0096] The right side of Figure 5 also shows two projection images of acquisition by the SPECT scanner for the
radiotracer source as a point source and dose input. Two images are provided with two different counts using two
detectors. More or fewer detectors and corresponding images may be provided. In alternative embodiments, the images
of the point source and/or corresponding counts are not provided on the display.

[0097] In act 54, the processor searches for characteristics of the identified radioactive sources. The framework rec-
ognizes any isotopes proper for medical imaging. One or more lists or types of isotope information are searched. In one
embodiment, a standardized list of sources is searched. This is the first search, but may be performed in parallel or after
other searches. The standardized list includes code values following a standard, such as the DICOM standard. The
standard is based on a multi-party or industry agreement and/or based on government approval. For example, the
DICOM standard is an industry standard that includes code values for isotopes approved by the FDA.

[0098] Another list is also searched or is searched if the input isotope is not in the standardized list. A SPECT scanner
may be used for clinical study, research, or other purposes that result in use of an isotope not included in the standard-
ization. This custom list is of un-standardized radioactive sources. If the isotope is not yet standardized, a customer pre-
set list is searched.

[0099] The custom listis created by pre-defining any strings for a particular isotope. Figure 6 shows an example with
five custom isotopes. The strings are alphanumeric text that may be used as labels for the isotope. In the example of
Figure 6, three different labels are entered for each isotope, but more or fewer labels or strings may be used for one,
some, or all of the isotopes. This list is created as a new isotope is used and/or is created prior to searching. The list is
configurable (e.g., which isotopes to include, what strings, to use, and what characteristics to link to each isotope). The
user may add any strings for a particular isotope that DICOM has not yet standardized.

[0100] The custom list is searched separately from the standard list. Alternatively, the lists are combined so that the
common list is searched for the identified isotope.

[0101] Once the isotope is found in the list, the characteristics of the isotope are identified. The list includes or links
to one or more characteristics. For example, the half-life and energy windows for the isotope are included. For none,
one, or more isotopes, the characteristics include a plurality of energy windows. A given isotope may have more than
one energy peak, so multiple energy windows exist for that radioactive source. Additional, different, or fewer character-
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istics may be included.

[0102] In act 56, the user interface receives user selection of energy windows for the radioactive sources. Where the
isotope has only one energy window, the selection may be automatic by the processor. Where the isotope has more
than one energy window, the selection may be automatic to one of the windows as a default. The processor selected
window is displayed to the user as well as other options.

[0103] Alternatively, the available windows for the isotope are displayed on the user interface for selection by the user.
Any display format or selection function may be used. Where multiple energy windows are available, one window may
be selected as a main, primary, or photo-peak energy window, and another window may be selected as a scatter window.
The framework allows cross-calibration for any combinations of the main energy window and the scatter windows. This
is useful for two isotopes that have multiple energy windows. The located isotope characteristics are used to populate
and display a list of energy windows or other representation of the energy distribution for the isotope.

[0104] Figure 7 shows one example user interface display for receiving user selection of energy windows. The user
can select which range shall be the main photo peak and which range(s) shall be the scatter(s). In Figure 7, two lists of
energy distribution (e.g., energy windows) are displayed, one for a reference isotope source (e.g., reference liquid
radiotracer isotope) and the other for a current isotope source to be calibrated (e.g., for scanning a patient). Where the
energy distributions are provided for calibration, there may be only one list or isotope energy distribution and/or an energy
distribution may be provided for the factory calibration source. In the example of Figure 7, the reference isotope source
is selenium 75 where the primary window range is selected as (121, 148) kev, and the two scatter windows are selected
as (148,175) kev and (94,121) kev from the list of six energy windows. The energy distribution for the current isotope
source to be calibrated is for lutetium 177, which has five energy windows with one selected for the primary and one for
the scatter. In this example, the user selects the first and the second energy ranges as the main and scatter windows
for cross calibration, respectively. Other user interfaces for manual or user-based selection of energy windows may be
provided.

[0105] Inacts 58 and 60, tables of sensitivities and cross-calibration factors are generated. These tables are generated
during calibration of the SPECT system at the facility. Calibration prior to installation at the facility may be used. Once
at the facility, the SPECT system is calibrated on a periodic basis. For example, monthly, bi-monthly, semi-annually, or
after a given number of uses, the SPECT system is calibrated by a technician.

[0106] Using software, firmware, and/or hardware of the SPECT scanner, the SPECT scanner is calibrated for use.
The calibration function, including the user interface for receiving information in acts 50, 52, and 56, is integrated into
or built directly in the SPECT scanner. A program module is used by the technician to generate the tables.

[0107] The system-specific sensitivity for the SPECT system and the cross-calibration factor relating radioactive sourc-
es are determined and saved in the tables. While two tables are shown, one table or a network of interrelated tables
may be used.

[0108] As discussed above for Figures 1 and 2, the sensitivity and cross-calibration factor are determined based on
various options, including characteristics of the isotopes. Other options effect the sensitivity and/or cross-calibration
factor. Each sensitivity and cross-calibration factor are determined for a given combination of options. For example, the
sensitivity and cross-calibration factor are determined for a specific one of two or three well counters, a specific one of
four collimators, a specific one of two detectors, two particular isotopes out of many, and specific energy windows (e.g.,
both primary and scatter) in combination.

[0109] To generate the table, different combinations are used. Any number of unique combinations of options may be
used. A system-specific sensitivity and cross-calibration factor are determined for each of a plurality of different option
combinations. The technician may select a sub-set of unique combinations to use or may generate the tables to cover
all possible combinations. For example, the dose level may be restricted to a few common doses and the closest dose
combination is used for a given patient. As another example, sensitivity and/or cross-calibration factor are not determined
for any combinations including a particular isotope, energy window, and/or collimator, such as where that particular one
is not used or scheduled to be used.

[0110] The generated tables provide sensitivities and/or cross-calibration factors for a plurality of different combinations
of options. For example, sensitivities and cross-calibration factors are generated for each of a plurality of different well
counters with the other options being the same or different (e.g., collimator #1 used for both). For each well counter,
sensitivities and cross-calibration factors are generated for each of a plurality of combinations of specific ones of energy
windows, collimators, detectors, isotopes, and/or other options.

[0111] In act58, the processor generates a sensitivity table of system-specific planar sensitivities. As discussed above
in Figure 1 for act 34, system-specific planar sensitivities are generated from class planar sensitivities to the isotopes
and a factory calibration source and system specific planar sensitivity to a factory calibration source.

[0112] Referring to Figure 8, the QsCalibration activity or software process calculates system sensitivities for a given
isotope and collimator. The well counter and other option information are input with images or scan data used to calculate
the sensitivity. The results are saved in a table with the option information, such as the isotope, energy range, collimator,
detector, dose of the liquid radiotracer, and the well counter used to measure the dose. The sensitivity table is generated
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to include one system specific planar sensitivity for each unique combination of isotope, energy of isotope, collimator,
detector, dose, and/or well counter. Where one of the isotopes includes multiple energy windows, the option information
includes the main energy window and/or scatter energy window used to generate the sensitivity.

[0113] Figure 9 shows an example user interface display showing scan image or data used to calculate sensitivity for
two detectors. The sensitivity, class standard sensitivity, deviation from the class standard, and ratio with class standard
are provided. Additional, different, or less information may be provided, such as displaying just the system-specific planar
camera sensitivities for each of the combinations of options calibrated by the technician. In another embodiment, the
sensitivity table is displayed as the table is created or after creation. Alternatively, the sensitivities are not displayed.
[0114] For sensitivity measurement, the sensitivity (S) is measured for the combinations of the isotope (i), the energy
(including scatters) of the isotope (e), the collimator (c) used, the detector (d), and the dose (a). To emphasis these
dependencies, the sensitivity is written in functional notation as S = f(i, e, ¢, d, o). As shown in the Figure 8, the static
projection images (typically a point source, see Figure 9) are used to compute the sensitivity and store the result in a
sensitivity table. The options include user selection of a particular well counter from a list of available well counters
specific to the clinical site.

[0115] Inone embodiment, the sensitivity s =f(i, e, ¢, d, a) is calculated as follows. C, = the total counts of the projection
image in the photo peak energy window, Cg = the total counts of in the scatter energy window(s), A, = injected dose in
MBgq, T4/, = the half-life of the isotope in seconds, A = In (2)/ T4, T = acquisition duration in seconds, A = [A,/ (AT)](1
- exp{-AT}), and then S = (Cp - 0.5C,) /(AT)(cps/MBq). Other calculations may be used. The calculation is repeated for
different unique combinations of the options to populate the table.

[0116] In act 60, the processor generates the cross-calibration table of cross-calibration factors. Cross-calibration
factors are generated for each unique combination of isotope, collimator, energy of the isotope, detector, and/or well
counter. Other combinations of options may be used. To derive the cross-calibration factors for each well counter in the
well counter list, the output is saved in the cross-calibration table.

[0117] Figure 10 shows an example where the inputs include the options, such as the well counters, the SPECT scan
data for the isotopes, and the sensitivity table. Other inputs may be used. The QsCalibration process or program module
integrated in the SPECT scanner performs the cross-calibration calculation.

[0118] Asshownin Figure 1, to create the cross-calibration table, the information from the sensitivity table is accessed
or used. The cross-calibration factors are a function of the system specific planar sensitivities. The sensitivity calculation
for a given combination of options is run first, and then the cross-calibration factor is calculated. The sensitivity is looked-
up from the sensitivity table to calculate the cross-calibration factor. This process is repeated for each unique combination
of options. Alternatively, the sensitivity table is populated for various combinations, and then the cross-calibration table
is generated for the various combinations.

[0119] Toemphasize the dependence of the cross-calibration factor ¢ on the various options, such as the well counter,
the two isotopes, and the collimator, the cross-calibration factor is provided in functional notation as ¢ = g(w, ip, ig. €a,
ep, C), where w is a well counter, iy, ig denote two isotopes A, and B, with energy e, and eg, respectively, and ¢ denotes
the collimator.

[0120] Figure 11 shows an example user interface display for the technician. The user interface is for inputting infor-
mation to generate the cross-calibration for populating the table and/or for displaying the results of the cross-calibration
calculation. In this example, the sensitivities for two detectors in the unique combinations (w, i, ig, €a, €g, and c) are
loaded and displayed. The output is the cross-calibration factor for each of the detectors. The cross-calibration factors
are saved in the cross-calibration table with the option information (e.g., the specific well counter identifier, the two
isotopes and their emission energies, and the collimator used). The resulting system specific cross-calibration table is
then available for use in actual patient acquisition to correct the injected dose.

[0121] To compute the cross-calibration factor, act 38 of Figure 1 is performed. In one example, the isotope i, is the
precision cross calibration reference source (e.g., factory calibration source), and isotope ig is the variable clinical
application source (e.g., liquid radiotracer). The factory defaultis a set of pre-determined class standard measurements,
while system specific is measurement done on each specific system in a particular clinical site. The cross calibration
factor ¢ = g(w, ia, ig, €a, €, C) is calculated as follows. For k=1,2, denote, ASf,ky = the factory default sensitivity for
isotope i5 with energy e,, for detector k, gSg . = the factory default sensitivity for isotope ig with energy eg for detector
K, ASm Kk = the system specific sensitivity for isotope ip with energy e, for detector k, and gSy, i, = the system specific
sensitivity for isotope ig with energy eg for detector k. The calculation forms the following ratio for each detector: rk =
(BSmk AStk) / (ASmkBStK), k =1, 2. The cross-calibration factor is the average of these ratios over the two detectors,
¢ = (rq + ry) /2. Other computations for the cross-calibration factor may be used, including maintaining separate cross-
calibration factors for the two detectors.

[0122] Referring again to Figure 4, the populated tables created during calibration are available for use with the SPECT
scanner for scanning objects, such as patients. The tables are stored in a memory that is part of or accessible to the
SPECT scanner. The SPECT scannerimplements software or programming to access the tables, scan the object, correct
for dose, and reconstruct the object from the scan. The module or process MiQC in the example of Figure 4 is integrated
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with the SPECT scanner and performs the dose correction. To apply one of the cross-calibrations to a specific application,
such as a tomo acquisition, the activity MiQC is instantiated. Activity concentration estimation, reconstruction, uptake
calculation or other quantitative SPECT imaging is likewise performed by the SPECT scanner using the corrected dose
information and sensitivity.

[0123] Inact,the SPECT scanner, processor, and/or user interface receive identities of options to be used for scanning
the object. For example, the identities for a particular one or more of the well counters used to measure the dose are
received. One well counter for both or two well counters are identified for measuring the assay dose and the residual
dose to determine the injected does. The given collimator, detector or detectors, dose, and isotope used for scanning
the object are identified. Any sub-set or all of the options discussed herein are identified. The identification is through
user input, sensing, or loading from memory. For example, the user inputs a dose 72, isotope and collimator 74, and
well counter 70 as shown in Figure 5.

[0124] For identifying the options, any of the user interfaces used for calibration are provided for the object scan. For
example, the user interfaces of Figures 5, 7, and 11 are used. Different arrangements or user interface displays may
be used due to the difference between calibrating and use to scan the object of interest. The isotope may be identified
by text entry and/or selection from a drop down list. The drop down list or searching based on the text entry uses the
standardized list of isotopes and/or a database of user-defined isotopes not included in the standardized list. The search
functionality discussed above is used to identify characteristics of the isotope used to scan the object. Where multiple
energy windows are available for the isotope of the liquid radiotracer, the user may select the main, primary, or photo-
peak energy window and the scatter energy window.

[0125] In act 64, the processor or the SPECT scanner calculates a dose correction. To calculate the dose correction,
the cross-calibration factor or factors used for the assay and residual doses are loaded from the cross-calibration table.
The received identities of the options are used to look-up the cross-calibration factors from the table. For example, the
primary and scatter energy windows, well counter, collimator, detector, isotope, and dose are used to find the cross-
calibration factor for this combination of options.

[0126] Inthe example of Figure 4, the MiQC activity searches the cross calibration table to find the right cross calibration
factors, and uses these factors to modify the assay and residue doses, respectively. The search may not locate a cross-
calibration factor for the specific combination of options used for the object. A priority of ranking of options (same well
counter but different collimator), interpolation, selection of closest neighbor, fuzzy logic, and/or other criterion may be
used to select a cross-calibration factor based on the combination of options.

[0127] The corrected doses are recorded in a file and can be used reconstruction to generate quantitative images.
Alternatively, the corrected doses are used without recording in a file. In yet another alternative, a difference between
the corrected assay dose and the corrected residual dose is found to provide an injected dose for the object.

[0128] For example, the proper cross-calibration factor from the cross calibration table is found and used to correct
the dose. The corrected dose is output. As shown in Figure 11, as the data is loaded, most of the fields are automatically
filled. The well counters that the site has are displayed in the two drop down lists. After user has selected the right well
counters used for assayed dose and residual dose measurement, respectively, the corresponding detector sensitivities
and the cross calibration factors are populated from the tables. The actual dose correction is performed after the user
has entered the dose and clicked a continue button.

[0129] To correct the assay and/or residual dose, act 40 of Figure 1 is performed. For example, the dose correction
is calculated as follows. Denote o, = the assayed dose measurement based on the well count reading, a, = the residual
dose measurement based on the well count reading, T,5; = the time lags (minutes) from assay measurement to injection,
Tizr, = the time lags (minutes) from injection to residual measurement, Ty, = the half-life of the isotope, ¢, = the cross
calibration factor for assay well counter, and ¢, = the cross calibration factor for residual well counter. The injected dose
is modified from a, to B, by B, = (ai/9,) exp{-In(2)/T4,5}, and the residual dose is modified from o, to B, by B, =
(o /9, )exp{In(2)/T4,2}. Then, the corrected injected dose B is simply the difference: § = B, - B,. Without the correction, the
injected dose would be a, - o,.

[0130] In act 42, the processor or SPECT scanner estimates activity concentration in a patient having the isotope at
the corrected dose measured by the well counter. The activity concentration is estimated from a scan by the SPECT
system using the detector, collimator, and/or other options in a combination that is used to look-up the cross-calibration
factor. The estimation is performed by reconstruction. The reconstruction incorporates a model of the SPECT scanner.
The combination of options is used to look-up the system-specific planar sensitivity, which is included in the model for
reconstruction. The activity concentration is estimated using the dose corrected with the dose correction factor or factors
and using the system-specific sensitivity for the combination used to scan the object.

[0131] In act 44, an image of the activity concentration is generated as discussed above for Figure 1. The activity
concentration is used for imaging, or uptake values are calculated from the activity concentration and used for imaging.
A quantitative SPECT image is generated based on the system-specific sensitivity and the cross-calibration factors
looked-up from the tables.

[0132] While the invention has been described above by reference to various embodiments, it should be understood
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that many changes and modifications can be made without departing from the scope of the invention. It is therefore
intended that the foregoing detailed description be regarded as illustrative rather than limiting, and that it be understood
that it is the following claims that are intended to define the scope of this invention.

Claims

1. Amethodforapplication of cross-calibration for a quantitative single photon emission computed tomography (SPECT)
system, the method comprising:

providing the SPECT system (10) at a facility, with the SPECT system (10) having one or more detectors (18)
configured to operate with different collimators (21) to detect emissions from liquid radiotracers with injected
dosages measured by well counters (26), the liquid radiotracers comprising isotopes;

generating (58) a first table of system specific planar sensitivities, the first table including one of the system
specific planar sensitivities for each unique combination of isotope, energy of isotope, collimator (21), detector
(18), and well counter (26);

generating (60) a second table of cross-calibration factors, the second table including one of the cross-calibration
factors for each unique combination of isotope, collimator (21), energy of the isotope, detector (18), and well
counter (26), the cross-calibration factors being a function of the system specific planar sensitivities;

receiving (62) identities of a first one of the well counters (26) used for a patient, a first one of the collimators
(21) used for the patient, a first one of the detectors (18) used for the patient, a first one of the doses used for
the patient, and a first one of the isotopes used for the patient;

calculating (64) a dose correction with a first one of the cross-calibration factors selected based on the identities;
estimating (42) the activity concentration in a patient having the first isotope at the first dose measured by the
first well counter (26), the activity concentration estimated in a scan by the SPECT system (10) using the first
detector (18) and first collimator (21) and estimated as a function of the calculated dose correction; and
generating (44) an image of the activity concentration.

2. The method of claim 1 wherein providing the SPECT system comprises providing the SPECT system (10) with the
different collimators (21), isotopes and well counters (26) available at the facility, in particular wherein generating
(58, 60) the first and second tables comprises generating during a periodic calibration for the SPECT system (10)
at the facility.

3. The method of claim 1 wherein generating (58) the first table comprises generating (58) the first table with the system
specific planar sensitivities from class planar sensitivities to the isotopes and a factory calibration source and system
specific planar sensitivity to a factory calibration source.

4. The method of claim 1 wherein for at least the first isotope, a plurality of main energy windows, scatter energy
windows, or both occur, and wherein generating (58) the first table comprises generating (58) with the energies of
the isotope selected from the main energy windows, scatter energy windows, or both, in particular, wherein receiving
identities (62) comprises receiving (62) user input of a first one of the main energy windows and a first one of the
scatter energy windows, and wherein calculating (64) the dose correction comprises calculating (64) with the first
cross-calibration factor selected based on the first main energy window and the first scatter energy window.

5. The method of claim 1 wherein generating (58, 60) the first and second tables comprises identifying the isotopes
from a standardized list and from a database of user-defined ones of the isotopes not included in the standardized
list, in particular wherein receiving identities (62) comprises receiving (62) the identity of the first isotope, and further
comprising searching (54) the standardized list and the database of user-defined isotopes.

6. The method of claim 1 wherein calculating (64) the dose correction comprises calculating (64) from a difference
between an assay dose and a residual dose, the assay dose corrected as a function of the first cross-calibration
factors and the residual dose corrected as a function of a second cross-calibration factor, or wherein calculating
(64) the dose correction comprises calculating (64) by look-up in the second table.

7. The method of claim 1 wherein generating (60) the second table comprises generating (60) the second table with
look-up from the first table or wherein the generating (58, 60) of the first and second tables is performed using a
first module during calibration and the calculating a dose correction and estimating (42) the activity concentration
are performed using a second module during a SPECT scan, the first and second module integrated in the SPECT
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system (10).

The method of claim 1 wherein estimating (42) the activity concentration comprises estimating (42) the activity
concentration from the first dose as corrected by the dose correction and a first one of the system specific planar
sensitivities.

A non-transitory computer readable storage medium having stored therein data representing instructions executable
by a programmed processor (12) for application of cross-calibration in a single photon emission computed tomog-
raphy (SPECT) system, the storage medium comprising instructions for:

receiving (52) input of identity of first and second radioactive sources;

searching (54) for characteristics of the first and second radioactive sources from a standardized list of sources
and from a custom list of un-standardized sources;

determining (58, 60) system-specific sensitivity for the SPECT system (10) and a cross-calibration factor relating
to the radioactive sources, the determining being based on the characteristics; and

generating (44) a quantitative SPECT image as a function of the system-specific sensitivity and the cross-
calibration factor; and

receiving (50) input of identity of at least one well counter (26) used to determine dose for the first radioactive
source, and wherein determining (58, 60) the system-specific sensitivity and the cross-calibration factor com-
prises determining (58, 60) based on the at least one well counter (26).

The non-transitory computer readable storage medium of claim 9 wherein the characteristics comprise a plurality
of energy windows for at least the first radioactive source;

further comprising receiving (56) user selection of a first of the energy windows as a photo-peak energy window
and of a second of the energy windows as a scatter window; and

wherein determining (58, 60) the system-specific sensitivity and the cross-calibration factor is based on the first
and second energy windows.

A system for application of cross-calibration in functional imaging quantification, the system comprising:

a functional imaging system (10) with a detector (18);

a well counter (26);

a first isotope source (22);

a second isotope source (24);

a processor (12) configured to

determine a sensitivity for the detector (18), the sensitivity responsive to a measure by the well counter (26),
and to determine a cross-calibration between the first and second isotope sources (22, 24) as a function of the
sensitivity, the cross-calibration being specific to the well counter (26),

search a table of cross-calibrations including the cross-calibration based on a selection of the well counter (26)
and to correct a patient dose measured by the well counter (26), the correction being a function of the cross-
calibration; and

amemory (14) configured to store the sensitivity and the cross-calibration in tables linked to the well counter (26).

The system of claim 11 wherein the functional imaging system (10) comprises a single photon emission computed
tomography system, wherein the detector (18) comprises a planar gamma camera, and wherein the processor (12)
comprises a processor (12) of the functional imaging system.

The system of claim 11 wherein the first isotope source (22) has a plurality of energy windows, further comprising
a user interface (20) configured for selection of a first of the energy windows for a photo-peak window and selection
of a second of the energy windows for a scatter window, and wherein the sensitivity and cross-calibration are
determined specific to the photo-peak and scatter windows.

Patentanspriiche

1.

Verfahren zur Anwendung einer Kreuzkalibrierung fuir ein quantitatives Einzelphotonen-Emissions-Computertomo-
graphiesystem (SPECT), wobei das Verfahren umfasst:

17



10

15

20

25

30

35

40

45

50

55

EP 3 532 803 B9

Bereitstellen des SPECT-Systems (10) in einer Einrichtung, wobei das SPECT-System (10) einen oder mehrere
Detektoren (18) aufweist, die so konfiguriert sind, dass sie mit verschiedenen Kollimatoren (21) arbeiten, um
Emissionen von flissigen Radiotracern mit injizierten Dosen, die von Bohrlochzahlern (26) gemessen werden,
zu erfassen, wobei die flissigen Radiotracer Isotope umfassen;

Erzeugen (58) einer ersten Tabelle von systemspezifischen planaren Empfindlichkeiten, wobei die erste Tabelle
eine der systemspezifischen planaren Empfindlichkeiten fir jede einzelne Kombination von Isotop, Energie des
Isotops, Kollimator (21), Detektor (18) und Bohrlochzahler (26) enthalt;

Erzeugen (60) einer zweiten Tabelle von Kreuzkalibrierungsfaktoren, wobei die zweite Tabelle einen der Kreuz-
kalibrierungsfaktoren fiir jede einzelne Kombination von Isotop, Kollimator (21), Energie des Isotops, Detektor
(18) und Bohrlochzahler (26) enthalt, wobei die Kreuzkalibrierungsfaktoren eine Funktion der systemspezifi-
schen planaren Empfindlichkeiten sind;

Empfangen (62) von Identitdten eines ersten der fiir einen Patienten verwendeten Bohrlochzahler (26), eines
ersten der fiir den Patienten verwendeten Kollimatoren (21), eines ersten der fur den Patienten verwendeten
Detektoren (18), einer ersten der fiir den Patienten verwendeten Dosen und eines ersten der fir den Patienten
verwendeten Isotope;

Berechnen (64) einer Dosiskorrektur mit einem ersten der auf der Grundlage der Identitaten ausgewahlten
Kreuzkalibrierungsfaktoren;

Schatzen (42) der Aktivitdtskonzentration in einem Patienten, der das erste Isotop bei der vom ersten Bohr-
lochzahler (26) gemessenen ersten Dosis hat, wobei die Aktivitdtskonzentration in einem Scan durch das
SPECT-System (10) unter Verwendung des ersten Detektors (18) und des ersten Kollimators (21) geschatzt
und als eine Funktion der berechneten Dosiskorrektur geschatzt wird; und

Erzeugung (44) eines Bildes der Aktivitatskonzentration.

Verfahren nach Anspruch 1, wobei das Bereitstellen des SPECT-Systems das Bereitstellen des SPECT-Systems
(10) mit den verschiedenen Kollimatoren (21), Isotopen und Bohrlochzahlern (26), die in der Einrichtung verfligbar
sind, umfasst, insbesondere wobei das Erzeugen (58, 60) der ersten und zweiten Tabellen das Erzeugen wahrend
einer periodischen Kalibrierung fiir das SPECT-System (10) in der Einrichtung umfasst.

Verfahren nach Anspruch 1, wobei das Erzeugen (58) der ersten Tabelle das Erzeugen (58) der ersten Tabelle mit
den systemspezifischen planaren Empfindlichkeiten aus den planaren Klassenempfindlichkeiten fiir die Isotope und
eine Werkskalibrierungsquelle und der systemspezifischen planaren Empfindlichkeit fir eine Werkskalibrierungs-
quelle umfasst.

Verfahren nach Anspruch 1, wobei fiir mindestens das erste Isotop eine Vielzahl von Hauptenergiefenstern, Streu-
energiefenstern oder beidem auftreten kann, und wobei das Erzeugen (58) der ersten Tabelle das Erzeugen (58)
mit den Energien des Isotops umfasst, die insbesondere aus den Hauptenergiefenstern, Streuenergiefenstern oder
beidem ausgewahlt sind, wobei das Empfangen von ldentitaten (62) das Empfangen (62) einer Benutzereingabe
eines ersten der Hauptenergiefenster und eines ersten der Streuenergiefenster umfasst, und wobei das Berechnen
(64) der Dosiskorrektur das Berechnen (64) mit dem ersten Kreuzkalibrierungsfaktor umfasst, der basierend auf
dem ersten Hauptenergiefenster und dem ersten Streuenergiefenster ausgewahlt wird.

Verfahren nach Anspruch 1, wobei das Erzeugen (58, 60) der ersten und der zweiten Tabelle das Identifizieren der
Isotope aus einer standardisierten Liste und aus einer Datenbank von benutzerdefinierten Isotopen, die nicht in der
standardisierten Liste enthalten sind, umfasst, insbesondere wobei das Empfangen von Identitaten (62) das Emp-
fangen (62) der Identitat des ersten Isotops umfasst, und ferner das Durchsuchen (54) der standardisierten Liste
und der Datenbank von benutzerdefinierten Isotopen umfasst.

Verfahren nach Anspruch 1, wobei die Berechnung (64) der Dosiskorrektur die Berechnung (64) aus einer Differenz
zwischen einer Assay-Dosis und einer Restdosis umfasst, wobei die Assay-Dosis als eine Funktion der ersten
Kreuzkalibrierungsfaktoren und die Restdosis als eine Funktion eines zweiten Kreuzkalibrierungsfaktors korrigiert
wird,

oder wobei die Berechnung (64) der Dosiskorrektur die Berechnung (64) durch Nachschlagen in der zweiten Tabelle
umfasst.

Verfahren nach Anspruch 1, wobei das Erzeugen (60) der zweiten Tabelle das Erzeugen (60) der zweiten Tabelle
mit Nachschlagen aus der ersten Tabelle umfasst oder wobei das Erzeugen (58, 60) der ersten und der zweiten
Tabelle unter Verwendung eines ersten Moduls wahrend der Kalibrierung durchgefiihrt wird und das Berechnen
einer Dosiskorrektur und das Schéatzen (42) der Aktivitatskonzentration unter Verwendung eines zweiten Moduls
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wahrend eines SPECT-Scans durchgefiihrt werden, wobei das erste und das zweite Modul in das SPECT-System
(10) integriert sind.

Verfahren nach Anspruch 1, wobei das Schatzen (42) der Aktivitdtskonzentration das Schatzen (42) der Aktivitats-
konzentration aus der ersten Dosis, korrigiert durch die Dosiskorrektur und eine erste der systemspezifischen pla-
naren Empfindlichkeiten, umfasst.

Nicht-transitorisches, computerlesbares Speichermedium, in dem Daten gespeichert sind, die Befehle aufweisen,
die von einem programmierten Prozessor (12) zur Anwendung der Kreuzkalibrierung in einem Einzelphotonen-
Emissions-Computertomographiesystem (SPECT) ausgefiihrt werden kdnnen, wobei das Speichermedium Befehle
fur Folgendes umfasst:

Empfangen (52) der Identitat der ersten und zweiten radioaktiven Quelle;

Suchen (54) nach Merkmalen der ersten und zweiten radioaktiven Quellen aus einer standardisierten Liste von
Quellen und aus einer benutzerdefinierten Liste von nicht standardisierten Quellen;

Bestimmen (58, 60) der systemspezifischen Empfindlichkeit fiir das SPECT-System (10) und eines auf die
radioaktiven Quellen bezogenen Kreuzkalibrierungsfaktors, wobei das Bestimmen auf den Merkmalen basiert;
und

Erzeugen (44) eines quantitativen SPECT-Bildes in Abhangigkeit von der systemspezifischen Empfindlichkeit
und dem Kreuzkalibrierungsfaktor; und

Empfangen (50) der Eingabe der Identitat von mindestens einem Bohrlochzahler (26), der zur Bestimmung der
Dosis fiir die erste radioaktive Quelle verwendet wird, und wobei das Bestimmen (58, 60) der systemspezifischen
Empfindlichkeit und des Kreuzkalibrierungsfaktors das Bestimmen (58, 60) auf der Grundlage des mindestens
einen Bohrlochzahlers (26) umfasst.

Nicht-transitorisches computerlesbares Speichermedium nach Anspruch 9, wobei die Merkmale eine Vielzahl von
Energiefenstern fliir mindestens die erste radioaktive Quelle umfassen;

ferner das Empfangen (56) der Benutzerauswahl eines ersten der Energiefenster als ein Photo-Peak-Energie-
fenster und eines zweiten der Energiefenster als ein Streufenster; und

wobei die Bestimmung (58, 60) der systemspezifischen Empfindlichkeit und des Kreuzkalibrierungsfaktors auf
dem ersten und zweiten Energiefenster basiert.

System zur Anwendung der Kreuzkalibrierung bei der Quantifizierung der funktionellen Bildgebung, wobei das
System Folgendes umfasst:

ein funktionelles Bildgebungssystem (10) mit einem Detektor (18);

einen Bohrlochzahler (26);

eine erste Isotopenquelle (22);

eine zweite Isotopenquelle (24);

einen Prozessor (12), der konfiguriert ist

eine Empfindlichkeit fir den Detektor (18) zu bestimmen, wobei die Empfindlichkeit auf eine Messung durch
den Bohrlochzahler (26) reagiert, und eine Kreuzkalibrierung zwischen der ersten und der zweiten Isotopen-
quelle (22, 24) als Funktion der Empfindlichkeit zu bestimmen, wobei die Kreuzkalibrierung spezifisch fir den
Bohrlochzahler (26) ist,

Durchsuchen einer Tabelle von Kreuzkalibrierungen einschlief3lich der Kreuzkalibrierung auf der Grundlage
einer Auswahl des Bohrlochzahlers (26) und zum Korrigieren einer von dem Bohrlochzahler (26) gemessenen
Patientendosis, wobei die Korrektur eine Funktion der Kreuzkalibrierung ist; und

einen Speicher (14), der so konfiguriert ist, dass er die Empfindlichkeit und die Kreuzkalibrierung in Tabellen
speichert, die mit dem Bohrlochzahler (26) verbunden sind.

System nach Anspruch 11, wobei das funktionelle Bildgebungssystem (10) ein Einzelphotonen-Emissions-Compu-
tertomographiesystem umfasst, wobei der Detektor (18) eine planare Gammakamera umfasst, und wobei der Pro-
zessor (12) einen Prozessor (12) des funktionellen Bildgebungssystems umfasst.

System nach Anspruch 11, wobei die erste Isotopenquelle (22) eine Vielzahl von Energiefenstern aufweist, ferner

mit einer Benutzerschnittstelle (20), die fiir die Auswahl eines ersten der Energiefenster fiir ein Photo-Peak-Fenster
und die Auswahl eines zweiten der Energiefenster fiir ein Streufenster konfiguriert ist, und wobei die Empfindlichkeit
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und die Kreuzkalibrierung spezifisch fir die Photo-Peak- und Streufenster bestimmt werden.

Revendications

Procédé d’application d’un étalonnage croisé pour un systeme de tomographie informatisée a émission de photons
unique (SPECT) quantitative, le procédé comprenant :

fournir le systéme SPECT (10) a une installation, le systeme SPECT (10) ayant un ou plusieurs détecteurs (18)
configurés pour fonctionner avec différents collimateurs (21) pour détecter les émissions de radiotraceurs liqui-
des avec des dosages injectés mesurés par des compteurs de puits (26), les radiotraceurs liquides comprenant
des isotopes ;

générer (58) un premier tableau de sensibilités planes spécifiques au systeme, le premier tableau comprenant
une des sensibilités planes spécifiques au systéeme pour chaque combinaison unique d’isotope, d’énergie d’iso-
tope, de collimateur (21), de détecteur (18) et de compteur de puits (26) ;

générer (60) une seconde table de facteurs d’étalonnage croisé, la seconde table comprenant 'un des facteurs
d’étalonnage croisé pour chaque combinaison unique d’isotope, de collimateur (21), d’énergie de l'isotope, de
détecteur (18) et de compteur de puits (26), les facteurs d’étalonnage croisé étant une fonction des sensibilités
planes spécifiques au systeme ;

recevoir (62) des identités d’'un premier des compteurs de puits (26) utilisés pour un patient, d’'un premier des
collimateurs (21) utilisés pour le patient, d’'un premier des détecteurs (18) utilisés pour le patient, d’'une premiéere
des doses utilisées pour le patient, et d’'un premier des isotopes utilisés pour le patient ;

calculer (64) une correction de dose avec un premier des facteurs d’étalonnage croisé sélectionné sur la base
des identités ;

I'estimation (42) de la concentration d’activité chez un patient ayant le premier isotope a la premiere dose
mesurée par le premier compteur de puits (26), la concentration d’activité estimée dans un balayage par le
systéme SPECT (10) utilisant le premier détecteur (18) et le premier collimateur (21) et estimée en fonction de
la correction de dose calculée ; et

générer (44) une image de la concentration d’'activité.

Procédé selon la revendication 1, dans lequel la fourniture du systeme SPECT comprend la fourniture du systéme
SPECT (10) avec les différents collimateurs (21), isotopes et compteurs de puits (26) disponibles dans I'installation,
en particulier dans lequel la génération (58, 60) des premier et second tableaux comprend la génération pendant
un étalonnage périodique du systeme SPECT (10) dans l'installation.

Procédé selon la revendication 1, dans lequel la génération (58) du premier tableau comprend la génération (58)
du premier tableau avec les sensibilités planaires spécifiques au systéme a partir des sensibilités planaires de
classe aux isotopes et a une source d’'étalonnage d’usine et de la sensibilité planaire spécifique au systeme a une
source d’étalonnage d’'usine.

Procédé selon la revendication 1, dans lequel, pour au moins le premier isotope, une pluralité de fenétres d’énergie
principale, de fenétres d’énergie de diffusion, ou les deux, se produisent, et dans lequel la génération (58) du premier
tableau comprend la génération (58) avec les énergies de I'isotope sélectionnées parmi les fenétres d’énergie
principale, les fenétres d’énergie de diffusion, ou les deux, en particulier, dans lequel la réception d’identités (62)
comprend la réception (62) d’'une entrée utilisateur d’'une premiere des fenétres d’énergie principale etd’'une premiére
des fenétres d’énergie de diffusion, et dans lequel le calcul (64) de la correction de dose comprend le calcul (64)
avec le premier facteur d’étalonnage croisé sélectionné sur la base de la premiere fenétre d’énergie principale et
de la premiére fenétre d’énergie de diffusion.

Procédé selon la revendication 1, dans lequel la génération (58, 60) des premier et second tableaux comprend
I'identification des isotopes a partir d’'une liste normalisée et d’'une base de données d’isotopes définis par I'utilisateur
qui ne sont pas inclus dans la liste normalisée, en particulier dans lequel la réception d’identités (62) comprend la
réception (62) de 'identité du premier isotope, et comprenant en outre la recherche (54) dans la liste normalisée et
la base de données d’isotopes définis par I'utilisateur.

Procédé selon la revendication 1, dans lequel le calcul (64) de la correction de dose comprend le calcul (64), a partir

d’'une différence entre une dose de dosage et une dose résiduelle, de la dose de dosage corrigée en fonction des
premiers facteurs d’étalonnage croisé et de la dose résiduelle corrigée en fonction d’un second facteur d’étalonnage
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croisé,
oudans lequel le calcul (64) de la correction de dose comprend le calcul (64) par consultation dans le second tableau.

Procédé selon la revendication 1, dans lequel la génération (60) de la seconde table comprend la génération (60)
de la seconde table par consultation a partir de la premiére table ou dans lequel la génération (58, 60) des premiére
et seconde tableaux est effectuée en utilisant un premier module pendant I'étalonnage et le calcul d’'une correction
de dose et I'estimation (42) de la concentration d’activité sont effectués en utilisant un second module pendant un
balayage SPECT, les premier et second modules étant intégrés dans le systeme SPECT (10).

Procédé selon la revendication 1, dans lequel I'estimation (42) de la concentration d’activité comprend I'estimation
(42) de la concentration d’activité a partir de la premiere dose telle que corrigée par la correction de dose et une
premiere des sensibilités planes spécifiques au systéme.

Support de stockage non transitoire lisible par ordinateur dans lequel sont stockées des données représentant des
instructions exécutables par un processeur programmé (12) pour I'application d’'un étalonnage croisé dans un
systéme de tomographie informatisée a émission de photons unique (SPECT), le support de stockage comprenant
des instructions pour :

recevoir (52) I'entrée de l'identité des premiere et deuxiéme sources radioactives ;

larecherche (54) de caractéristiques des premiére et seconde sources radioactives a partir d’une liste normalisée
de sources et d’'une liste personnalisée de sources non normalisées ;

déterminer (58, 60) une sensibilité spécifique au systéme pour le systéme SPECT (10) etun facteur d’étalonnage
croisé relatif aux sources radioactives, la détermination étant basée sur les caractéristiques ; et

générer (44) une image SPECT quantitative en fonction de la sensibilité spécifique du systeme et du facteur
d’étalonnage croisé ; et

recevoir (50) une entrée d’identité d’au moins un compteur de puits (26) utilisé pour déterminer la dose pour la
premiére source radioactive, et dans lequel la détermination (58, 60) de la sensibilité spécifique au systéeme et
du facteur d’étalonnage croisé comprend la détermination (58, 60) sur la base du au moins un compteur de
puits (26).

Support de stockage lisible par ordinateur non-transitoire de la revendication 9, dans lequel les caractéristiques
comprennent une pluralité de fenétres d’énergie pour au moins la premiéere source radioactive ;

comprenant en outre la réception (56) d’'une sélection par I'utilisateur d’'une premiere des fenétres d’énergie en
tant que fenétre d’énergie de photocréte et d'une seconde des fenétres d’énergie en tant que fenétre de
dispersion ; et

dans lequel la détermination (58, 60) de la sensibilité spécifique au systéme et du facteur d’étalonnage croisé
est basée sur les premiere et seconde fenétres d’énergie.

Systeme pour I'application de I'étalonnage croisé dans la quantification de I'imagerie fonctionnelle, le systeme
comprenant :

un systeme d’'imagerie fonctionnelle (10) avec un détecteur (18) ;

un compteur de puits (26) ;

une premiere source d’isotopes (22) ;

une deuxieme source d’isotopes (24) ;

un processeur (12) configuré pour

déterminer une sensibilité pour le détecteur (18), la sensibilité étant sensible a une mesure par le compteur de
puits (26), et déterminer un étalonnage croisé entre les premiére et seconde sources d’isotopes (22, 24) en
fonction de la sensibilité, I'étalonnage croisé étant spécifique au compteur de puits (26),

rechercher une table d’étalonnages croisés comprenant I’étalonnage croisé basé sur une sélection du compteur
de puits (26) et pour corriger une dose de patient mesurée par le compteur de puits (26), la correction étant
une fonction de I'étalonnage croisé ; et

une mémoire (14) configurée pour stocker la sensibilité et I'étalonnage croisé dans des tables liées au compteur
de puits (26).

Systeme selon la revendication 11 dans lequel le systéme d’'imagerie fonctionnelle (10) comprend un systeme de
tomographie informatisée a émission de photons unique (SPECT), dans lequel le détecteur (18) comprend une
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gamma-cameéra planaire, et dans lequel le processeur (12) comprend un processeur (12) du systéme d’imagerie
fonctionnelle.

Systeme selon larevendication 11, danslequel la premiére source d’isotope (22) a une pluralité de fenétres d’énergie,
comprenant en outre une interface utilisateur (20) configurée pour la sélection d’'une premiére des fenétres d’énergie
pour une fenétre de pic photo et la sélection d’une seconde des fenétres d’énergie pour une fenétre de diffusion,
et dans lequel la sensibilité et I'étalonnage croisé sont déterminés de maniére spécifique aux fenétres de photocréte
et de diffusion.
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