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Appendix - Solution to Model Equations

The evolution of the ASL signal must be split into two parts, before
(S;) and after (S,) the excitation pulse, to account for the different re-
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laxation times in these two regimes. In the first regime, the equations
are split into three parts, i.e. before, during, and after the arrival of the
bolus of labeled signal in the voxel. For S,, not only is the time at exci-
tation relevant, but also the echo time. To take this into account, three
cases are outlined again depending on the passage of the bolus at exci-
tation, and each case is split into parts to account for the fact that the
bolus is still passing through during the readout.
Before excitation:

Fort < A:
Sp=Scsr=0 (A1)
ForA<t<A+71
S0 = 2aM0le,b[e_A/T1b/ (1 _ e_("A)/T{b/) (A2)
Sicsp(t) = 2aMyfe /T [TlcsF(l — e =W/ Mesr)
- TI,CSF(I — e B Miesr )] (A3)
ForA+r<t:
Sy = zaMOle’b[e—A/Twe—("A)/T{m (e’/T{b/ - 1) (Ad)
Sicsp®) = 2aM0fe_A/T1bl [TICSFe_(’_A)/TICSF (eT/TlcSF — 1)
_ TI’CSFe’(”A)/T{CSF (eT/Tl/CSF - 1)] (AS)
L/ D SRS S (A6)
Ty, T Th-csr
1 1 1
= + (A7)
Tlegr  Tiesr To-csr
After excitation:
For this section,
t=0+TE (A8)
O=71t+w (A9)
L, R S S (A10)
T,  Tw  Tyocsr
1 1 1
= + (A11)
Tyegr  Tocsr Touocsr
3 cases are based on time at excitation time 6.
Case1: 0 < A
ForTE<A-0:
Soyn(TE) = S)csp(TE)=0 (A12)
ForA-0<TE<A+71-6:
Sop(T E) = 2aMy f T, e/ T TE/Tan (1 — =T E-2+0/T3y ) (A13)

Sresp(TE) = ZaMOfe’A/lel e~ TE/Toy [TZCSF (1 — o~ (TE-A+0)/TycsF )

_T (1 _ e—(TE—A+9)/T2’CSF )]

2CSF (Al4)

For A+ -0 <TE:

Sop(TE) = 2aMy [T}y e~/ Tt ¢~ E/ Tt o= TE=A+0)/T;, (e’/ Ton — 1) (A15)

SZCSF(TE) = zaMofe_A/T””e_TE/TM [TZCSFe_(TE_AH;)/TZCSr (eT/Tzcsr — 1)

_ TZICSFe—(TE-Aw)/TZ/CSF (er/Tl’CSF _ 1)] (A16)
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Case2: A<O0<db6+1
ForO<TE<A+7-0:

Son(TE) = Sy (0)e” E/ Mo 4 2a My £ T}, &=/ Tt =T E/Ton (1 — o TE/ Tz'b,)
(A17)

S,csp(TE) = Slbl(g)(l — e_TE/Tb/—CSF)e_TE/TZCSF + SICSF(G)e_TE/TZCSF

+2a M, fe /T g=TE/ Ty [T2CSF (1- e’TE/TZCSF)

g (1= )
For A + 1 -0 <TE:
Sow(TE) = Sy(@)~TE/ T + 2aMy T, o=/ o= /T~ TE/ Ty
% (2<A+r—e>/r2’,,, - 1) (A19)

Sycsp(TE) = 81,(0)(1 — e TE/Mo=csr) e~ TE/Mesr 4§, g p (@)™ E/T2esF

+ ZaMofe_A/T“’/ e~ TE/Tap [TZCSFQ_TE/TZCSF (e(A+T—9)/T2CSF - 1)

~Tegpe” Mesr (0 Tesr 1)) (A20)
Case3:6+17<6
Syp(TE) = Sy (0)e™ "/ o (A21)

Srcsr(TE) = Sy,(0)(1 - e_TE/TM—>CSF)e_TE/TZCSF + Sicsp@)e TE/ Mesr

(A22)
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