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Modelling in DCE-MRI 

Paul Tofts 

Modelling of DCE (Dynamic Contrast-Enhanced) image data in MRI has enabled physiological characteristics of 
tumours and other lesions to be measured, as an aid to monitoring disease progress and treatment response. 
A contrast agent (CA; e.g. Gd-DTPA) is injected intravenously as a short bolus, and the subsequent 
enhancement in tissue signal in a T1-weighted imaging sequence is measured. The widely-used one-
compartment ‘Tofts model’ was first used in Multiple Sclerosis[1], was extended to include a vascular 
compartment[2], taken up by the cancer imaging community[3,4], and analysed in some detail to find its limits 
of validity[5,6].  

The extracted (fitted) tissue parameters (transfer coefficient K
trans

, extra-vascular extracellular space EES ve, 
rate constant kep (kep=K

trans
/ve) and plasma volume vp) are sensitive to some of the fixed parameters (tissue 

native T1, called T10, and relaxivity r1 (change in 1/T1 per unit volume of CA)[3]. 

Quantification in medical imaging represents a paradigm shift[7]. Complex equipment can be used as a 
scientific instrument to make measurements (rather than to visualise in a qualitative way). To be an effective 
biomarker, a quantity should be i) biologically relevant ii) accurate (i.e. true) iii) reproducible (measured from 
repeated within-subject imaging). A perfect imager is one which contributes insignificant variance compared to 
the biological variance.  

Recently these principles of modelling and quantification have been applied to the measurement of kidney 
function and vascularity[8]. The model takes account of the large vascular bed, and PC spreadsheet 
implementation is convenient. In healthy volunteers, values agree with those published using other methods. 
Reproducibility is acceptable (8-17%). 

A crucial constraint to the model is to restrict time to the uptake portion, which in a large ROI lasts at least 90s. 
By avoiding efflux, the simplified model with a reduced number of free parameters has improved variance. 
ROI’s larger than the nominal kidney outline enabled total filtration to be measured, unaffected by partial 
volume errors (the Object Strength approach[9]. 

Sensitivity analysis shows how fitted parameters are affected by the values of fixed parameters. T10, r1, MRI flip 
angle and haematocrit Hct are influential. Small vessels have reduced Hct compared to arteries (~24% vs. 42%) 
(the Fahraeus effect[10]).  Thus measurements of blood volume and perfusion are uncertain, whilst plasma 
measurements are unaffected (since the CA resides in plasma; also in CT). 

From these experiences in DCE-MRI a number of principles for modelling in a quantification procedure are 
clear: 

1. relate the model to the known tissue physiology 
2. use the simplest possible model that fits the data 
3. ensure the fit is independent of starting values (use constraints)  
4. identify the influential fixed parameters (related to the instrument, CA and tissue) and measure the 
sensitivity of the fitted parameters to these. 
5. use repeated imaging (if possible) to estimate measurement variance 
6. use phantoms (if possible) to measure accuracy[11] 
7. output goodness-of-fit parameters (e.g. rms residual) and exclude fit failures 
 8. estimate (if possible) fitted parameter variance from Hessian (beware parameter covariance). 

 

More material is on the websites qmri.org and www.paul-tofts-phd.org.uk  (including pdf’s of references) 

 

(498 words) 

http://qmri.org/
http://www.paul-tofts-phd.org.uk/


2 
 

 

References 

 

 1.  Tofts PS, Kermode AG. Measurement of the blood-brain barrier permeability and leakage space using dynamic MR imaging. 1. 
Fundamental concepts. Magn Reson Med 1991; 17(2):357-367. 

 2.  Tofts PS. Modeling tracer kinetics in dynamic Gd-DTPA MR imaging. J Magn Reson Imaging 1997; 7(1):91-101. 

 3.  Tofts PS, Berkowitz B, Schnall MD. Quantitative analysis of dynamic Gd-DTPA enhancement in breast tumors using a permeability 
model. Magn Reson Med 1995; 33(4):564-568. 

 4.  Leach MO, Brindle KM, Evelhoch JL, Griffiths JR, Horsman MR, Jackson A, Jayson GC, Judson IR, Knopp MV, Maxwell RJ, McIntyre 
D, Padhani AR, Price P, Rathbone R, Rustin GJ, Tofts PS, Tozer GM, Vennart W, Waterton JC, Williams SR, Workman P. The 
assessment of antiangiogenic and antivascular therapies in early-stage clinical trials using magnetic resonance imaging: issues and 
recommendations. Br J Cancer 2005; 92(9):1599-1610. 

 5.  Sourbron SP, Buckley DL. On the scope and interpretation of the Tofts models for DCE-MRI. Magn Reson Med 2011; 66(3):735-
745. 

 6.  Sourbron SP, Buckley DL. Tracer kinetic modelling in MRI: estimating perfusion and capillary permeability. Phys Med Biol 2012; 
57(2):R1-R33. 

 7.  Tofts PS. Quantitative MRI of the brain: measuring changes caused by disease. New York: Wiley, 2003. 

 8.  Tofts PS, Cutajar M, Mendichovszky IA, Peters AM, Gordon I. Precise measurement of renal filtration and vascular parameters 
using a two-compartment model for dynamic contrast-enhanced MRI of the kidney gives realistic normal values. European 
Radiology 2012; (in press 2012). 

 9.  Tofts PS, Silver NC, Barker GJ, Gass A. Object strength - an accurate measure for small objects that is insensitive to partial volume 
effects. MAGMA 2005; 18(3):162-169. 

 10.  Goldsmith HL, Cokelet GR, Gaehtgens P. Robin Fahraeus: evolution of his concepts in cardiovascular physiology. Am J Physiol 1989; 
257(3 Pt 2):H1005-H1015. 

 11.  Tofts PS, Collins DJ. Multicentre imaging measurements for oncology and in the brain. British Journal Cancer 2012. 
 

 


