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Input function: What is it and why is it needed?

Image courtesy of the Research Laboratory of Electronics at MIT.

http://en.wikipedia.org/wiki/MIT
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In PET:

The concept of a dynamical model:

Dynamical model in a nutshell

input functions u1(t), u2(t) system response x(t)

u1(t), u2(t), …, um(t)
system

(black box)
input(s) output(s)

x1(t), x2(t), …, xn(t)

System identification:
perturb the system with an input function, observe the system response
and try to infer the system parameters from the time series.
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In PET, the mathematical models are 
classified by their type of input in:
• plasma input models
• reference tissue input models

Input function: What is it and why is it needed?

input function u(t)

system response x(t)

All about modelling: next week’s educational seminar
Marie-Claude Asselin - Kinetic Models in PET

input 
function 

u(t)
system 

response x(t)

http://www.wmic.manchester.ac.uk/aboutus/events/petseminars/#08/03/07
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Life before PET

J. Clin. Invest. 27 (1948), 476–483.
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The dawn of PET in the 1970s
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PET input function explained
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Overview: plasma input function measurements
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Physics background: inorganic 
scintillation detectors
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Physics background: radiation detection
The measured count rate has to be corrected for:
• background (and crosstalk on the Automatic Gamma Counter)
• deadtime losses
• geometrical factors (volume effect)
• radioactive decay
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Analysis of the discrete samples
Whole blood 
and plasma 

activity 
concentration 
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scan start 
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Example: serotonin transporter
radioligand [11C]DASB study

Discrete Sampling protocol

no time
1 3 min
2 9 min
3 15 min
4 21 min
5 28 min
6 35 min
7 42 min
8 50 min
9 70 min
10 92 min

Eight 
samples 
selected 
for the 
determi-
nation of 
the 
parent 
fraction in 
plasma.

Activity concentrations shown in the plots 
are corrected for radioactive decay and 

were obtained in a healthy volunteer after 
a 529 MBq bolus injection.

Discrete samples

Generation of plasma input functions

28 min continuous measure-
ment of whole blood activity

Total activity concen-
tration of whole blood
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Generation of plasma input functions
Discrete samples

Subset of discrete samples

Total activity concen-
tration of plasma

Activity concentration due to 
unmetabolised parent 
compound in plasma

This is the input 
function used for 
the estimation of 
the model 
parameters.



A Pioneering Research Institute at The University of Manchester

Arterial cannulation – a risky procedure?
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Arterialised venous blood input 
function – an alternative?
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Arterialised venous blood input 
function – an alternative?
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Arterialised venous blood input 
function – an alternative?
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Some methods (e.g. the Patlak plot) use integral measurements of the 
activity concentration and are therefore less sensitive to the dispersion of 
the input function.

(for FDG)

Arterialised venous blood input 
function – an alternative?
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Image-derived input functions
Idea: derive the time course of the activity concentration in the arterial blood from a 
blood pool (e.g. left ventricle, aorta or other big blood vessels) in the reconstructed 
tomographic image.

Limitation: only the whole blood activity concentration can be derived. It is 
impossible to obtain plasma concentrations or parent fractions in plasma.

Problem: Subject and organ (e.g. heart) motion during the scan and the partial 
volume effect require additional efforts (such as a blood volume scan with [15O]CO or 
MR images of the brain) to recover the blood activity concentration.

Advantages: obviates the need for blood sampling, no cross-calibrated peripheral 
equipment required, reduced delay and dispersion of the input function.

Widely used in PET cardiology for tracers like [15O]water and [18F]FDG. 
Difficult to use in other parts of the body and for other tracers.
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Image-derived input functions

PCT= positron-emission computerized tomography
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Image-derived input functions

PCT= positron-emission computerized tomography

correction step
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Reference tissue input functions
Example: evaluation of striatal dopaminergic function with 6-

[18F]fluoro-L-DOPA (FDOPA)

CO MT

FDOPA

3-O-methyl-
FDOPA

3-O-methyl-
FDOPA

FDOPA FDA FDOPAC 
+ FHVAk3

Blood-brain barrier

Brain tissuePlasma

K1

k2
k4

K1

k2

CO MT

AADC

• Competition for the large neutral amino acid transporter large variability due 
to other amino acids in blood.

• Compartmental models with dual input functions: high technical effort for analysis 
of radiolabelled compounds in plasma, too many rate constants to estimate.

• Brain entering radiolabelled metabolite administration of COMT inhibitor to 
reduce peripheral metabolism.

Specific problems for the quantification of the FDOPA tissue signal relative 
to the plasma input:
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Reference tissue input functions

Solution: express the kinetics in the 
striatum not relative to the plasma input 
function – use instead the response in 
a reference tissue (occipital cortex or 
cerebellum) as “input function”.
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Research and future developments 
at the WMIC

• We have already got one of the best equipped PET 
blood and analytical chemistry laboratories worldwide 

USE IT !!!

• Robert is working on image-derived input functions for 
oncology applications in the body.

• The HRRT provides superior image resolution – in 
conjunction with the Vicra motion tracking system: 
revisit image-derived input functions in brain studies.

• Supervised cluster analysis approach to extract a 
reference tissue input function in [11C]PK11195 brain 
scans – collaboration with Imperial College London.
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An introduction to PET research and methods

Seminars will take place at 4pm at the Wolfson Molecular Imaging Centre
27 Palatine Road, Withington

17/01/07 Beyond diagnosis: 
Quantitative human imaging 
for better treatment 

25/01/07 Isotope production and 
targetry

01/02/07 PET principles, hardware 
and data acquisition

08/02/07 PET data reconstruction and 
corrections

15/02/07 Radiochemistry

22/02/07 Analytical chemistry

01/03/07 Input functions in PET

08/03/07 Kinetic models in PET

22/03/07 PET in psychiatry research

29/03/07 PET in oncology research

19/04/07 PET in drug development

26/04/07 PET in neuroscience research
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