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Consider the two-compartment model proposed for the striatum. The 

components of this model -- the compartments, the input function and the three rate 

constants -- will first be examined in general, and a physical interpretation of the input 

function will be given. The physical meaning of the second compartment will then be 

discussed. The first compartment can then be understood in relation to the input 

function and the second compartment. This understanding, in tum, will allow for a 

strict definition of the rate constants. 

It is clear that the two compartments conespond to the presence of the 

radiolabel in the brain, specifically in striatal tissue. Although this "tissue" would be 

ideally composed of the endings of dopaminergic neurons alone, other neurones and 

glial cells are present in the region. The heterogeneity of striatal tissue at the cellular 

level matters little to the analysis, however, since averages are taken across regions of 

the order of cubic centimeters. The input function conesponds to the presence of the 

radiolabel in the plasma, in the form ofF-dopa and its metabolites; this function feeds 

the first compartment. K1 must then reflect the transport of the label out of the blood 

and into the first compartment; k2 must represent the reverse process. 

It has been shown that, of the metabolites of F-dopa, only OMFD enters the 

brain (Garnett and Nahmias, personal communication). K1 then represents the transport 

of F-dopa and OMFD out of the blood and into the first compartment, which must 
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include both of these labelled molecules. Because of the presence of both K1 and k2, 

the first compartment, by definition, equilibrates with the plasma. This implies that the 

first physical or metabolic step taken by labelled molecules which prevents equilibrium, 

that is, the first step into an irreversible compartment, must be assigned to k3 • This 

is neither mathematical wizardry nor clever rhetoric; it is a feature of the model, by 

definition. The first physiological process which effects either F-dopa or OMFD (or 

both), such that they can no longer equilibrate with labelled molecules in the plasma, 

can and must be assigned to k3 • 

Studies after the injection of OMFD have illustrated that this molecule comes 

into equilibrium with the plasma throughout the brain. OMFD, therefore, is confined 

to the first compartment. What process in the transport or metabolism of F-dopa, 

then, corresponds to the irreversible rate constant, k3? 

It has been shown that the distribution of radioactivity in the striatum Is 

correlated with blood flow for the first five minutes after injection, and thereafter 

correlated to endogenous catecholamine content (Home et al., 1984), that the half life 

of striatal fluorodopamine is at least sixty minutes (Firnau et al., 1987; Barrio et al., 

1990), and that the efflux of DOPAC and HVA (the metabolites of dopamine) is slow 

(Firnau et al., 1984). It has also been suggested that fluorodopamine in the striatum is 

associated with the vesicles (Diffley et al., 1983), and the striatal retention of 18F 

activity is reported to be reduced by the administration of inhibitors of vesicular storage 
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(Pate et al., 1990). In summary, there is substantial evidence to indicate that 

fluorodopamine formed in the neurons is not in equilibrium with labelled molecules in 

the blood. The decarboxylation of F-dopa in striatal neurons, which prevents F-dopa 

in the striatum from reaching equilibrium with plasma concentrations, must therefore 

be assigned to k3 • 

Since k3 represents the decarboxylation of F-dopa, the second compartment 

must represent the presence of fluorodopamine and its labelled metabolites 

(predominantly DOPAC and HV A) in striatal tissue. There is evidence to suggest that 

much of the fluorodopamine in this compartment is associated with stiiatal vesicles, 

however this is immaterial to the analysis. 

Having thus defined the input function and the second compartment, the 

physical meaning of the first compartment is directly derivable. Simply put, the first 

compartment corresponds to the presence of labelled molecules in striatal tissue which 

have left the blood and have not been decarboxylated within the neurons. This 

compartment will contain OMFD and F-dopa in striatal tissue, and may also include 

labelled molecules within the walls of the capillary endothelium, interposed between 

blood and brain. In a study of the blood-brain barrier, Hertler et al. (1966) 

demonstrated the presence of both monoamine oxidase and AADC in the capillary 

endothelial cells. Wade and Katzman (1975) observed fluorescence (due to L-dopa and 

dopamine) in the capillary endothelium of rats' brains after an injection of L-dopa. It 
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can be therefore concluded that the capillary endothelial cells have the capacity to 

retard and regulate the influx of F-dopa to the striatum. This known physiology, 

however, does not alter the fact that the data will only support a two-compartment, 

three-parameter model, nor does it bear upon the arguments provided for the physical 

meaning of the second compartment. Since dopamine formed within the capillary walls 

has been found to disappear rapidly (Bertler et al., 1966), this decarboxylation does not 

represent an irreversible trapping of the tracer. The presence of labelled molecules 

within the cells of the capillary walls must therefore be included in the first 

compartment, which contains every transport or metabolic process undergone by 

labelled molecules after leaving the blood, except those which occur after the 

decarboxylation of F-dopa within the neurons. 

With the compartments defined in this way, K1 and k2 must measure the 

forward and reverse transport rates of the labelled molecules out of and into the 

plasma, while k3 is a measure of AADC activity within the neurons. Since AADC 

activity is correlated with tyrosine hydroxylase activity, k3 is a measure of endogenous 

dopamine formation. This would agree with the findings that k3 in Parkinsonian 

patients is low; the loss of nigrostriatal neurons has effected a net decrease in 

dopamine synthesis in this area. In patients taking neuroleptic medication, the 

increased firing rate of nigrostriatal neurons may cause an accelerated synthesis of 

dopamine (Seeman, 1989); this is in agreement with the findings that k3 is high for 

these patients. Finally, k3 has been found to be negligible for a non-dopaminergic 
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region of the brain, and after OMFD injection. These results each independently verify 

the physical meaning assigned to the compartments and rate constants of the model. 

It also clear from these considerations that in the cerebellum, a non­

dopaminergic region of the brain, the single compartment represents the presence ofF­

dopa and OMFD in cerebellar tissue. The rate constants K1 and k2 then measure the 

forward and reverse transport rates out of and into the plasma in this region. 

The influx constant for this system is highly correlated with measured k3 

values. Nevertheless, Ki does incorporate contributions of the other rate constants of 

the model (see Equation 17), which represent the rates of transport of L-dopa and 

OMFD across the blood-brain barrier. It is thus inarguably valuable to conduct the 

compartmental and graphical analyses independently, and to use the results of each to 

serve different clinical and research purposes. 

Suggestions for Further Work 

The ability of these analyses to reveal and quantify differences in the 

dopaminergic metabolism of individuals has been demonstrated in a small number of 

studies. Further clinical studies should be undertaken in order to investigate the 

response of the model to physiological perturbations and thus justify the physical 

meaning attributed to the various compartments and rate constants. 
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Although the clinical value of these analyses has been demonstrated, the major 

limitation of both methods is that OMFD is included in the reversible region. In both 

the graphical and compartmental analysis, this inclusion is mathematically valid. In 

order to compare results between subjects, however, the assumption must be made that 

the proportion of OMFD in the plasma is the same for different individuals. Recent 

studies have reported a large inter-subject variability in peripheral 0-methylation rates 

(Huang et al., 1991). While it is unlikely that the data will stand a correction for this 

effect (as evidenced by the fact that a two-compartment model gives the statistically 

best fit to the data), the exact influence of the 0-methylation rate should be further 

studied. 

To determine the effects of different 0-methylation rates in the periphery, 

simulation studies could be run, in which "true" rate constants for blood-brain barrier 

transport of OMFD and F-dopa, and for AADC activity are separately hypothesized. 

These could be used to calculate the impulse responses for both OMFD and F-dopa in 

the brain, assuming there is negligible 0-methylation within striatal tissue. A single 

blood curve could then be decomposed into a hypothetical sum of OMFD and F-dopa 

contributions; these separate curves could be used as inputs to the parallel models, and 

the resulting time-activity curves summed. This would produce a predicted time­

activity curve, which could be solved by compartmental and graphical analyses. The 

results of these analyses could then be compared for different ratios of OMFD and F-
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dopa in the blood. In this procedure, the physiology is fixed by the "true" rate 

constants, and differences in the calculated parameters are attributable only to different 

peripheral 0-methylation rates. 

Another suggestion for further research is the independent measurement of the 

range of normal 0-methylation rates in humans. Further F-dopa studies should 

therefore be performed, and the blood samples should be analyzed for the contribution 

of the metabolites, especially OMFD. In this way, a range of values for study by the 

simulation analysis above can be established. 

Finally, the results of these further F-dopa studies, in which the time course of 

OMFD and F-dopa in the blood have been determined, might be used to determine 

whether a correction for OMFD in the brain should be made. The simplest 

compartmental model which includes the contribution of OMFD, that is, the addition 

of a reversible compartment in parallel with the first compartment of the striatal model, 

may be analyzed using the separate time courses of OMFD and F-dopa in the blood 

in parallel. The results of this analysis, which will include two additional parameters 

and some error in the blood decomposition, can be compared to results obtained for 

the same studies in the simpler model. The standard deviation of the rate constant 

which represents AADC activity in each case should be compared. In this way, the 

model which best determines this parameter, in a statistical sense, can be identified. 
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% 
% solve.m -- Compartmental Analysis Routine 
% 
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% Given an initial set of parameters, this routine computes 
% the impulse response of a given model, and convolves it with 
% the given input function. The result is compared to the 
% given output and the parameters altered until the predicted 
% and measured output match most closely. 
% 
% requires: 
% pet[n,2] --column of times and column of measured data from PT 
% blood[m,2] -- column of times and column of measured data from blood 
% param[p] -- row of initial estimates for parameters 
% model -- three character string, see "make coef.m" 
% tolerance precision required, usually between 0.01 and 0.0001 
% 
% produces: 
% brain est[n] -- column of points for best fit, at times in "pet" 
% param[p] -- solution parameters 
% chisquare,per diff -- measures of goodness of fit 
% y -- weighted-least sum of squares, for F-test 
% ki,int --slope and intercept of patlak plot, calculated from param 
% kil,intl --slope and intercept of logan plot, calculated from param 
% 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
global NCOMP 
global model 
global pet 
global blood lin 
global brain-est 
global times 
global step size 
global coef­
global cparam 
global k one 
% 
clear xO x xdot 
output = 1; 
% 
% 

% number of compartments % 
% string describing model % 
% measured data from tomograph % 
% blood curve, at equal time points % 
% estimated fit to pet data % 
% times at which fit is computed and compared % 
% space between each point in "times" % 
% coefficients of differential equations of model % 
% constrained parameter -- value does not change % 
% parameter by which blood curve is multiplied, K1 % 

% must be cleared for multiple runs % 
% output = 0 --> no output to screen from optimization 

% setup times for blood and pet data at equal intervals % 
step size= pet(2,1) - pet(1,1); 
times= [ pet(1,1) :step size:pet(length(pet),1) ]; 
ltim = length(times); -

if times(ltim) < pet(length(pet),1) 
times= [times times(ltim)+step size]; 
ltim = ltim+1; -

end 
bltimes = []; 
for i = 1:ltim 

if times(i) < blood(length(blood),1) 
bltimes = [ bltimes times(i) ]; 

end 
end 
% evaluate blood curve at equal time intervals % 
blood lin table1(blood,bltimes); 



% correct convolution if the first time is zero % 
if bltimes(l) == 0 

blood lin(l) =blood lin(l)/2; 
end - -
% optimize the function "cost.m" % 
min= fmins('cost' ,param,tolerance,output); 
% save the old parameters, set param to the optimized values % 
oldparam = param; 
param = min; 
% plot the results % 
plot(pet(:,l),brain est,pet(:,l),pet(:,2),'*') 
qtitle -
% calculate the graphical plots and intercepts % 
[ki,int] =make ki(min); 
[kil,intl] =make logan(min); 
% evaluate measures of goodness of fit % 
chi2 = chisquare(pet(:,2),brain est) 
per diff = pdiff(pet(:,l),pet(:;2),brain est) 
meas = pet; fit = brain est; -
y = wlss(meas,fit) -
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%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
% 
% cost.m -- calculate the cost function for the current params 
% 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
function y = cost(param) 
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% calculate the fitted curve for the current params % 
brain est= brainint(param); 
% Evaluate squared difference, % 
% weighted by time interval and 1/measured value. % 
% For ignoring initial points, set cost 1 to first point to evaluate. % 
cost 1 1; 
petend = length(pet); 
y = 0; 
if cost 1 < 2 

y = (pet(1,2) - ... 
brain_est(1))A2*(pet(2,1)-pet(1,1))*(1/pet(1,2)); 

end 
for i 

y 

end 

cost 1: (petend - 1) 
y + (pet(i,2) -brain est(i))A2 ... 

*(pet(i+1,1) - pet(i-1,1))*(1/pet(i,2)); 

y = y + (pet(petend,2) -brain est(petend))A2 ... 
*(pet(petend,1) -pet( petend- 1,1))*(1/pet(petend,2)); 



%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
% 
% brainint.m -- evaluate the fitted curve for the given params 
% 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
function brain est= brainint(param) 
% make the coefficient matrix for the differential equations % 
coef =make coef(param); 
% set the Initial conditions for an impulse response % 
x0(1) = 1; 
for icomp = 2:NCOMP 

xO(icomp) = 0; 
end 
% integrate the diffyq with these initial conditions % 
[t,x] = ode45('diffyq' ,O,times(length(times)),xO); 
% sum the results for each compartment % 
xsum = x (:, 1); 
for icomp = 2:NCOMP 

xsum = xsum + x(:,icomp); 
end 
% evaluate the summed response at "times" % 
tab = [t xsum] ; 
xsum lin= tablel(tab,times); 
if times(1) == 0 

xsum lin(l) = xsum lin(l)/2; 
end - -
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% perform the convolution with the blood, multiply by Kl and step_size 
% 
brain est= conv(xsum lin,blood lin); 
brain-est = brain est*k one*step size; 
% evaluate the results of the convolution at the times given in "pet" 
% 
long times = [ O:length(brain est)-1 ]; 
tab2-= [ times(l)+(long times*step size)' brain_est]; 
brain_est = tablel(tab2;pet(:,l));-
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%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
% 
% make coef.m -- setup the coefficients for the differential equations 
% -Each model is denoted by a 3 character string. 
% The rate of change in the amount of material in comp't i, q_i(t) 
% is given by the sum over j of coef[i,j]*q_j(t). 
% 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
function coef = make_coef(param) 
p = param; 
k_one = p(1); 

% cerebellum, 1 compt, 
if model== 'cer' 

NCOMP = 1; 
k one = p (1); 
coef = [ -p(2) ]; 

end 

% cerebellum, 2 compt, 
if model== 'cr4' 

NCOMP = 2; 
k one= p(1); 

lk% 

4k % 

p (4) coef = [ -p(2)-p(3) 
p (3) -p ( 4) l; 

end 

% striatum, 2 compt, 3k % 
if model== 'str' 

NCOMP = 2; 
k one= p(l); 
coef = [ -p(2)-p(3) 0.0 

p(3) 0.0 ]; 
end 

% striatum, 2 compt, 4k % 
if model== 'st4' 

NCOMP = 2; 
k one= p(1); 
coef = [ -p(2)-p(3) 

p (3) 
end 

% striatum, 3 compt, 5k % 
if model== 'st5' 

NCOMP = 3; 
k one = p (1); 

0.0 
-p (4) 

coef [-p(2)-p(3) 
p (3) 
0.0 

p (4) 
-p(4)-p(5) 

p (5) 
end 

l ; 

0.0 
0.0 
0. 0 l; 



% blood, 3 compt, 6 k % 
if model == 'bld' 

NCOMP = 3; 
k one = cparam; 
coef = [ -p(l)-p(2)-p(4) 0.0 

p (2) 
p (4) 

end 

% blood, 2 compt, 3k % 
if model == 'bl3' 

NCOMP = 2; 
k one = cparam; 
coef = [ -p(l)-p(2) 

p (2) 
end 

0.0 
-p (3) l; 

-p (3) 
0.0 

0.0 
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0.0 
-p (5) l; 



~ diffyq.m -- the differential equations 
~ 
~ The notaion x' is interpreted by MATLAB as dx/dt. 
~ Note that x and xdot have NCOMP columns. 
~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
function xdot = diffyq(t,x) 
xdot zeros(NCOMP,1); 
xdot = coef*x' ; 

~~~~%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
~ 
~ chisquare.m -- evaluate chisquare goodness of fit 
~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~function 
chisquare(y1,y2) 
chi2 = 0; 
for i = 1:length(y1) 

if y2 (i) -= 0 
chi2 = chi2 + (y1(i) - y2(i))A2/y2(i); 

end 
end 

~~~~%~~~~%~%~~~~~~~~~~~%%%%%%%%~~~~~~~~~~~~~ 
~ 
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chi2 

~ pdiff.m --average percent diffence between fitted and measured points 
~ weighted by time interval 
~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~function 
pdiff(x,y,ytrue) 
pdiff = 0; 
xend = length(x); 
w(1) = (x(2)-x(1))/2; 
w(xend) = (x(xend) - x(xend-1))/2; 
for i = 2:xend-1 

w(i) = (x(i+1) - x(i-1)) /2; 
end 
for i = 1:xend 

if ytrue(i) -= 0 
pdiff = pdiff + w(i)*abs(y(i) - ytrue(i))/ytrue(i); 

end 
end 
pdiff = pdiff/(x(xend) - x(1)); 

pdiff 



%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
% 
% 
% 
% 

wlss.m -- evaluate weighted residual sum of squares 
weighted by time interval and 1/measured point 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
function y = wlss(meas,fit) 
measend = length(meas); 
y = 0; 
% 
% for including initial point 
% y (meas(1,2) - fit(1))A2*(meas(2,1)-meas(1,1))*(1/meas(1,2)); 
% 
for i 10: (measend - 1) 

y y + (meas(i,2) - fit(i))A2 ... 
*(meas(i+1,1) - meas(i-1,1))*(1/meas(i,2)); 

end 
y = y + (meas(measend,2) - fit(measend))A2 ... 
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*(meas(measend,1) - meas( measend- 1,1))*(1/meas(measend,2)); 



%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
% 
% make_ki.m -- calculate patlak slope and intercept from params 
% 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
function [ki,int] =make ki(param) 
% model== 'st5' % -
if (length(param)) == 5 

K [-param(2)-param(3) param(4) 
param(3) -param(4)-param(5) ]; 

Q param(1) 

G 0 
0 

Un = [ 1 

0 ] ; 
0 

param(S) ] ; 

1 ] ; 
end 
% model== 'st3' % 
if (length(param)) == 3 

K = [-param(2)-param(3) ]; 
Q = [ param(1)]; 
G = [ param(3) ]; 
Un = [ 1 ] ; 

end 
Kbp = 0; 
Vp = 0; 

ki = -Un'*G*(inv(K))*Q + Kbp 
int = -Un'*(K + G)*(inv(K)*inv(K))*Q + Vp 
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% patlak.m -- patlak plot of pet and blood data 
% 
% requires: 
% pet[n,2] --column of times and column of measured pet data 
% blood[n,2] -- column of times and column of measured blood data 
% 
% produces: 
% slope -- slope of Patlak plot 
% intercept -- ordinate intercept of Patlak plot 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
% setup Am and Cp and AmCptimes from pet and blood data % 
prep at 
% evaluate the points to be plotted % 
[xx,yy] = patlak_pts(Am,Cp,AmCptimes); 
% initialize the first set of [x,y] points % 
xshort = xx; yshort = yy; 
ktolerance = .01; 
deltak = 1.0; 
kold = 10; 
% loop until the change in the slope is less than the tolerance % 
for ishort= 2:length(xx) 
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% find the best straight line fit through the short set of [x,y] pts % 
k = polyfit(xshort,yshort,1); 
if k(1) -= 0 

deltak = abs(k(1) - kold)/abs(k(1)); 
end 
if deltak < ktolerance, break, end 
kold = k(l); 
% ignore the first point in the short set and try again % 
xshort = xx(ishort:length(xx)); 
yshort = yy(ishort:length(yy)); 

end 
% print results and plot % 
point 1 = length(xx) - length(xshort) 
slope-= k(1) 
intercept = k(2) 
fit= polyval(k,xx); 
xextrap = xx(1:ishort); 
fitextrap = fit(1:ishort); 
fitshort = fit(ishort-1:length(xx)); 
plot(xx,yy,'o' ,xshort,fitshort,'-' ,xextrap,fitextrap,'--') 



%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
% 
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% prepat.m -- setup Am, Cp and AmCptimes for pet and blood studies % 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
Am = pet ( : , 2) ; 
AmCptimes = pet(:,1); 
Cp = table1(blood,AmCptimes); 
% correct for well-counter calibration if it hasn't been done yet % 
if Cp(2)/Am(2) > 1.0e+04 

Cp = Cp*9.381e-8; 
end 

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
% 
% 
% 

patlak_pts.m -- given Am, Cp, and the times, figure out the points 
to plot in a Patlak graphical analysis 

% 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
function [xx,yy] = patlak_pts(am,cp,t) 
cptotal = 0.0; 
clear xx yy; 
xx(1) = 0; 
yy (1) = 0; 
if cp (1) ~= 0 

XX ( 1) t ( 1) I 2 . 0; 
yy(1) = am(1)/cp(1); 

end 
for icp = 2:length(cp) 

cptotal = cptotal + (cp(icp)+cp(icp-1))*(t(icp)-t(icp-1))/2.0; 
if cp (icp) ~= 0 

yy(icp) am(icp)/cp(icp); 
xx(icp) = cptotal/cp(icp); 

end 
end 



%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
% 
% logan.m -- produce a logan plot f o r given pet and blood data 
% 
% requires: 
% pet[n,2] --column of times and column of measured pet data 
% blood[n,2] -- column of times and c o lumn of measured blood data 
% 
% produces: 
% slope -- slope of Logan plot 
% intercept -- ordinate intercept of Logan plot 
% 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
% evaluate Am, Cp and times from pet and blood data % 
prepat 
% evaluate [x,y] points from Am, Cp and times % 
[xx,yy] = logan_pts(Am,Cp,AmCptimes); 
% setup initial [x,y] points through which to fit straight line % 
xshort = xx; yshort = yy; 
deltak = 1.0; 
kold = 10; 
ktolerance = 0.001; 
% loop until the difference in slope is less than ktolerance % 
for ishort= 2:length(xx) 

k = polyfit(xshort,yshort,1); 
deltak = abs(k(1) - kold)/abs(k(1)); 
if deltak < ktolerance, break, end 
kold = k(1); 
xshort = xx(ishort:length(xx)); 
yshort = yy(ishort:length(yy)); 

end 
point 1 = length(xx) - length(xshort) 
slope-= k(1) 
intercept = k(2) 
fit= polyval(k,xx); 
plot(xx,yy,'o' ,xx,fit) 
qltitle 
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%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
% 
% logan_pts.m -- calculate [x,y] pts for logan graphical analysis 
% given Am, Cp and times 
% 
%~%%%%%~~%%%~%~~~~~~~~~~~~~~~~~~~~~~~~%~~~% 
function [xx,yy] =logan pts(am,cp,amtimes) 
cptotal = 0.0; -
amtotal = 0.0; 
clear xx yy; 
~ xx(1) = cp(1)/am(1); 
~ yy(1) = am(1)/am(1); 
for iam = 2:length(am) 

cptotal = cptotal + ... 
(cp(iam)+cp(iam-1))*(amtimes(iam)-amtimes(iam-1))/2.0; 

amtotal = amtotal + ... 
(am(iam)+am(iam-1))*(amtimes(iam)-amtimes(iam-1))/2.0; 

yy(iam-1) amtotal/am(iam); 
xx(iam-1) = cptotal/am(iam); 

end 
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%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
%" 
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%" sens.m -- calculate the mean and standard deviation for each of the 
%" compartmental and graphical parameters 
%" 
%" requires: 
%" all the requirements of solve, patlak and logan 
%" noise -- fractional expression of percent noise to add, e.g. 0.05 
%" number -- number of iterations to run, e.g. 50 
%" 
%" produces: 
%" average[p] --average parameters (k's) 
%" deviation[p] -- standard deviation of each parameter 
%" kcbar[2] average patlak slope and intercept, computed from k's 
%" kcdev[2] standard deviation of above 
%" kgbar[2] average patlak slope and intercept, graphical 
%" kgdev[2] standard deviation of above 
%" 
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% 
global step size 
global model 
global NCOMP 
global pet 
global coef 
global times 
global blood lin 
global brain-est 
global cparam 
global k one 
clear mins kcs pdiffs chis kgs; 
count = 1; 
%" set the random number generator to a normal distribution %" 
rand('normal') 
%" 
%" 
%" 
%" 

set alpha such that, on average, the sqrt of the total counts 
(the counts x the time interval), times alpha, gives "noise" percent 

for i = 2:length(pet) 
time(i) = pet(i,1) - pet(i-1,1); 

end 
time(1) = time(2); 
time = time*60; 
alpha= noise*sqrt(mean(brain est)*mean(time)); 
brainsave = brain_est; -
petsave = pet; 
%" add random noise to each point in pet data %" 
for inurn= 1:number 

inurn 
for j = 1:length(brain est) 

pet(j,2) = brainsave(j) + 
rand(1)*alpha*sqrt(brainsave(j)/time(j)); 

end 
%" usually perform one of patlak or logan analysis % 

patlak; 
%" logan; 
%" disregard results of graphical analyses if point 1 is too far along % 

if point 1 <= length(Am)/2 
kgs(count, :) = k; 



count = count + 1; 
end 

% save all the results % 
kmin = fmins('cost' ,param,tolerance,O); 
mins(inum, :) = kmin; 
[kcs(inum,l), kcs(inum,2)] =make ki(kmin); 

% [kcs(inum,l), kcs(inum,2)] = make-logan(kmin); 
pdiffs(inum) = pdiff(pet(:,l),pet(:,2),brainsave); 
chis(inum) = chisquare(brain est,brainsave); 

end -
pet = petsave; 
brain est = brainsave; 
% calculate and print means and standard deviations % 
average = mean(mins) 
deviation = std(mins) 
kcbar mean(kcs) 
kcdev std(kcs) 
kgbar mean(kgs) 
kgdev std(kgs) 
mean pdiff = mean(pdiffs) 
mean-chi2 = mean(chis) 
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% covariance.m -- determine the standard deviations of the parameters 
% using the covariance and the sensitivity matrix 

% requires: that solve or once be run once before this r outine is called 

% produces: deltap[p] --the estimated standard deviation of each param 

%%%%%%%%%%%%%%%%%%%%% %%%%%%%%%%%%%%%%%%%%%% 
% clear and reset initial values and useful constants % 
clear rlparams S W deltap; 
peps= .01; 
dp = cost (min) ; 
petend = length(pet); 
% create the (diagonal) weighting matrix % 
W(1,1) = pet(2,1) - pet(1,1); 
for iw = 2:petend-1 

W(iw,iw) = pet(iw+1,1) - pet(iw-1,1); 
end 
W(petend,petend) = pet(petend,1) - pet(petend- 1,1); 
% only evaluate for parameters that are non-zero % 
rlparams = find(param-=0.0); 
nparam = length(rlparams); 
save_param = param; 
save est = brain est; 
% compute the difference in the fitted curve at each point, 
% for an epsilon change in the parameter % 
for iparam = 1:nparam 

param = save_param; 
param(rlparams(iparam)) = param(rlparams(iparam))*(1 +peps); 
brain est= brainint(param); 
S(:,iparam) (brain est save est)/(param(iparam) 

save param(iparam)); -
end -
param = save_param; 
brain est = save est; 
% compute the information matrix % 
M = S'*W*S; 
ssq = dp/(petend- nparam); 
% compute the estimated standard deviations of the parameters % 
for iparam = 1:nparam 

deltap(iparam) = sqrt(ssq/ M(iparam,iparam)); 
end 
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