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Dynamic SPECT Curves
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Qualitative vs Quantitative

� Static SPECT - Qualitative
– Look at relative uptake (increased or reduced

when abnormal)

� Dynamic SPECT – Potentially Quantitative
– Absolute physiological parameter estimation

� Eg blood flow (ml/min/g), metabolic rate of glucose
(mmol/min/g)
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Compartment Model System
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General n-Compartments Model
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General Solution (No Inputs)
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l j are the eigenvalues of f, uij are the corresponding eigenvectors
ci are constants which can be determined form the initial
conditions

•No time dependent inputs
•Initial tracer concentrations in compartments



Plasma/Blood as Input i10(t)

Input i10(t) 
from plasma
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Organ of Interest

Excretion to blood,
bilary, urinary etc
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Comp 1

 Cell - Comp 2
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• Treat blood/plasma concentration as input to the organ of interest
• Solve compartment model for impulse of activity in blood/plasma
• Convolve solution with measured blood/plasma curve



Blood Flow Example

Myocardial 
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2-Compartment Model

    Ct (t ) ==== K1e
---- k2t ÄÄÄÄ Cp(t)

•Measure Ct(t) and Cp(t)
•Find K1 and k2

For freely diffusible tracer
•K1 = EF *  Flow
(EF is extraction fractions)

If Ct(t) and Cp(t) in same units (eg counts/min/ml) then
absolute flow in ml/min/ml
Note: K1 not true rate constant – units ml/min/ml
Affected by quantitative errors eg partial volume effects etc.



FDG Model

FDGFDG

in Plasmain Plasma

(C(Cpp* )* )

FDGFDG

in Tissuein Tissue

((CCee*)* )

2-FDG-6-P2-FDG-6-P

in Tissuein Tissue

(C(Cmm*)*)

KK 11**

kk22**

kk33**

kk44**

*  *  denotes concentrations and rate constants for  Fluoro-2-denotes concentrations and rate constants for  Fluoro-2-
deoxyglucose (FDG), rather  than glucosedeoxyglucose (FDG), rather  than glucose

•• FDG enters tissue and is phosphorylated into 2-FDG-6-FDG enters tissue and is phosphorylated into 2-FDG-6-
phosphate (2-FDG-6-P) with rate constant kphosphate (2-FDG-6-P) with rate constant k33* . k* . k44*  is*  is
dephosphorylationdephosphorylation rate. Chemical compartment! rate. Chemical compartment!

•• FDG-6-P does not take par t in rest of glycolyticFDG-6-P does not take par t in rest of glycolytic
metabolismmetabolism



FDG Model

� Fit model to FDG data (TTAC & FDG Plasma curve (Cp*))
� Calculate metabolic rate of glucose consumption (MRGlc) using

� Cp is endogenous glucose level in plasma
LC is lump constant which calibrates the difference in
transport & phosphorylation rates between FDG and glucose
(LC  not necessarily constant!!)

� K1*  no longer represents blood flow, as transport of FDG is not
limited by blood flow, but mainly by transport into tissue
(capillary permeability surface area product)

MRGlc =  
Cp

LC
K1

*k3
*

(k2
* ++++k3

* )



Model Fitting

Have dynamic tissue and IF data.
Need to fit model to it!



Model Fitting

� Even in simplest form, model equation is
non-linear (convolution with IF)

� Requires Non-Linear Least Square (NLLS)
fitting

� May be able to be linearised through
suitable transforms

    Ct (t ) ==== K1e
---- k2t ÄÄÄÄ Cp(t)



Fitting the Data

•• Use standard multi-dimensional optimisation routines toUse standard multi-dimensional optimisation routines to
iteratively fit model curve to measured dataiteratively fit model curve to measured data
–– Marquardt-Marquardt-LevenbergLevenberg (uses gradients and curvature matrix) (uses gradients and curvature matrix)

-> Fairly fast-> Fairly fast

–– Downhill simplex - no gradients required, robust but slowDownhill simplex - no gradients required, robust but slow

TTAC =  bbbb···· K1 ···· Aije
-llll i t ÄÄÄÄ Ca(t) +  aaaa ···· Ca(t)����



201Tl SPECT vs Microsphere MBF
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Neuronal Nicotinic Acetylcholine Receptor
Up-Regulation
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Graphical Plots

    

Patlak Plot
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Graphical Plots
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Issues with Dynamic SPECT

� Long total dynamic scan time for slow tracers

� Rotation speed of gamma camera
– Inconsistent projections

� Low sensitivity of SPECT
� Quantitative SPECT

– Attenuation, scatter, partial volume effect correction

� Data volume and reconstruction time



Total Dynamic Study Time
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Rotation Speed Limitations

� Multi-detector Gamma Camera
– Complete SPECT in 5-10 sec possible on triple head

camera

� Infusion of tracer over several minutes rather than
bolus injection
– Limits rate of change of tracer and hence reduces

temporal sampling requirements

� Techniques which do not require fast dynamics



Autoradiographic Technique

� Name from autoradiographic techniques
performed in animal study
– Inject animal with tracer (eg 14C deoxyglucose)
– Measure tracer concentration in blood/plasma over time
– Sacrifice animal and take thin section through eg brain
– Expose autoradiographic plate to get quantitative image

of tracer in the thin section
– Estimate parameter of interest from assumed model and

measured data (IF over time, single tissue time point)



ARG Equation for Blood Flow
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• Not linear equation, NLLS would make it slow - Table

Look up method

• Need to assume values for extraction fraction, EF and
partition coefficient, l .

• Input function measurement from 0 to T2 required.



Extension of ARG for > 1 parameter

� 2 parameters – need two static SPECT
studies at optimised times post inject (TLU)
Iida H et al. (1994) Quantitative mapping of regional cerebral blood flow using
Iodine-123-IMP and SPECT. J Nucl Med; 35: 2019-2030

� n parameters – n SPECT studies, times can
be determined by Optimum Image
Sampling Schedule (OISS)
(Lau C-H et al. (1998) Optimized acquisition time and imaging sampling for
dynamic SPECT of Tl-201. IEEE Trans Med Imag; 17: 334-343)



Dynamic Reconstruction from Slow
Rotating SPECT

� 1 or 2 slowly rotating SPECT studies
� Reconstruct dynamic frames with timing

equal to timing of the projections
– Information for 1 time frame effectively from

one projection (single head) or 2/3 projections
(dual/triple head)

– Highly underdetermined problem – unknowns
approximately 100 times > number of equations

– Heavy use of constraints and assumptions



Dynamic Reconstruction from Slow
Rotating SPECT
� Initially assumed exponential (monotonic)

clearance of tracer to simplify problem
– Unrealistic, ignores tracer uptake, clearance not mono

exponential
� Extended method to include tracer uptake and

clearance
– Achievable for 2 or 3 detector systems, not for single
– Long reconstruction times (20 hrs/slice on Ultra Sparc

60)
(Farncombe T et al. The incorporation of organ uptake into dynamic SPECT (dSPECT) image
reconstruction. IEEE Trans Nucl Sci, 48:2001, 3-9
Sitek A et al. Reconstruction of dynamic renal tomographic data acquired by slow rotation. J
Nucl Med 42:2001, 1704-1712)



Dynamic Reconstruction from Slow
Rotating SPECT

Sitek A et al. Reconstruction of dynamic renal tomographic data acquired by slow rotation. J Nucl Med
42:2001, 1704-1712)



Application of Dynamic SPECT

� Absolute physiological quantitation (global),
quantitation of change (eg nicotinic tracer)

� Fast tracers (eg teboroxime)
� Investigation of novel tracers
� Development/validation of simplified methods

(ARG, TLU, OISS etc)
� Lung deposition and clearance
� Response to intervention (eg brain blood flow

response to Diamox, MBF to adenosine)



Split Dose Measurement

� Model formulation
for  none-zero
radioactivity at t=0,
Ci(t=0) 0 and Ca(t=0)
0 .

� Background
estimation from
previous scans with
minimal enhancement
of statistical noise

Iida, H. et al, Modeling strategy for background compensation in repeat cerebral blood flow quantitation with diffusible tracers
Nuclear Science Symposium Conference Record, 2000 IEEE , Volume: 3 , 15-20 Oct. 2000 Page(s): 18/34 -18/39 vol.3



Dual Table ARG









Competing Modalities

� PET

� CT
� MRI
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