Multi-Constituent Simulation of Thrombus Deposition
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Appendix 1. Governing questions of chemical/biological species

Provided below are the full set of governing equations in expanded form. This model is an extension of our previous model

(Sorensen et al. +?). All the changes are denoted in boldface.

Unactivated resting PLTs in flow ([RP])

a[;?tP] + div(vy - [RP]) = div(Dp * V[RP]) — kapa[RP] — Kspa[RP] — Ky pa[RP] 1)

where v, is the velocity of the fluid (blood), Dp is the diffusivity of the platelets, k,,, and kg, are the platelets activation
rate due to agonists and shear stress, and k.4 is the deposition rate between [RP] and deposited platelets. The detail

definition of the k,.,4 in mathematical and numerical see Appendix 2.

Activated platelets in flow [AP]

d[AP]
ot

+ div(vy - [AP]) = div(Dp - V[AP]) + kgpa[RP] + Kspa[RP] — Kgpal[AP] @)

where kg4 is the deposition rate between [AP] and deposited platelets. The detail definition of the kg, in mathematical

and numerical see Appendix 2.

Deposited resting platelets [RPd]


mailto:antaki@cmu.edu

d[RP,]
at

=1- o)krpd[RP] - kapa[RPd] - kspa[RPd] - femb[RPd] (3)
where (1 — 8)k,,4[RP] is the percentage of [RP] activated by contact with biomaterial surfaces and formatted
thrombus, f.n.p is the cleaning rate of deposited platelets due to shear stress.

Deposited activated platelets [APd]

a[AP,]

at = ekrpd[RP] + kapd[AP] + kapa[RPd] + kspa[RPd] - (femb + fstb)[APd] (4)

where f g, is the stabilization rate parameter of [AP4], which convert deposited thrombus to be stabilized thrombus

which is harder to be cleaned by shear stress.

Deposited and stabilized platelets [APs]

d[AP,]
at = fstb [APd] (5)
PLT-released agonists (ADP) [a,,]
a[gir] + diV(vf . [apr]) = div(Dapr . V[apr])
(6)

+ 2 (kapa[RP] + Kypa[RP] + Kgpa[RP 4] + kgpa[RP 4] + 0k, pa[RP]) — k1 j[ap,]
where 4; is the amount of agonist j released per platelet and k; ; is the inhibition rate constant of agonist j; and j represents
ADRP for current specie. Therefore A;k,,,[RP] and 4;k,,,[RP,] are the ADP releasing attributed to the activation of
unactivated platelets due to agonist, 4;k,,,[RP] and 4;k,,[RP 4] are the ADP releasing attributed to the activation of
unactivated platelets due to shear stress and 4;0k,,4[RP] represents the ADP releasing attributed to the platelets

activation due to contact. k, j[a,] is the inhibition rate of ADP.

PLT-synthesized agonists (TxA2) [ap;]

a[aps]
ot

+ div(vf . [aps]) = div(DapS . V[aps]) + 5, ([AP] + [AP4]) — Ky [aps] 7
where s,,; is the rate constant of synthesis of the agonist j; and j represents TxA, for current specie. Therefore s,,;,[AP] and
sp;j[AP 4] represent the rate of synthesis of TxAzdue to activated platelets in flow and deposited activated platelets. k, ; -

[aps] is the inhibition rate of TxA..



Prothrombin [PT]

orPT] | .
—5+ div(vy - [PT]) = div(Dpr - VIPT]) = e[PTI($ae (LAP] + [APa]) + ¢, ([RP] + [RPa)) ®)

where ¢ is the unit conversion which is from NIH units to SI units, ¢,; and ¢, are the thrombin generation rate constant on
the surface of activated platelets and unactivated resting platelets. Therefore ¢,.[AP] and ¢,..[RP] are the thrombin generation
rate due to activated and resting platelets in flow, while ¢, [AP4] and ¢,..[RP,] are the thrombin generation rate due to

deposited activated and unactivated platelets.
Thrombin [TB]

]
[aTtB] + div(vy - [TB]) = div(Drp * V[TB]) + [PT](¢a ([AP] + [AP,]) + ¢, ([RP] + [RP,])) — T - [TB] ©)

where T is the Griffith’s template model for the kinetics of the heparin-catalyzed inactivation of thrombin by ATIII. Therefore

' - [TB] is the inactivation rate of thrombin by ATIII.
ATIII [AT]

6[(;4tT] + div(vf . [AT]) = div(Dyy - V[AT]) — T - €[TB] (10

where T - ¢[TB] is the consumption rate of ATIII due to inactivation of thrombin.

Appendix 2. Mathematical and Numerical Considerations for Deposition Rates Krpd and Kapd.

Provided below are mathematical and numerical considerations about the two terms in equations (1) — (4) above, that
represent the rate of deposition to the surface of the thrombus by unactivated resting platelets (k,,q) and activated
platelets (kq,4) in the free stream. Referring to the finite volume schematic depicted in Figure S1, the k., 4 of the finite-

volume-cell 5 is calculated as

kipa = div(kpdfﬁ’)km (11)
where kra is a constant, 7 is the normal to the finite-volume-face, and f refers to the faces shared by adjacent cells 2, 4,
6 and 8. Assuming that thrombus tends to grow layer by layer, when the volume fraction of the deposited platelets of a
finite-volume cell ¢ is greater than a critical value ¢ (for example, 0.74, which is the maximum packing fraction for

spheres), this cell is able to influence the neighbor cells. Therefore



[AP4]f

o7 P>
kpas = PLT pqx ‘ (12)
0,9 <o,
where S:d]f represents the percentage of the area occupied by deposited activated platelets at that mesh face. This rule

max

does not apply to the boundary faces.
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Figure S1 Schematic of cells and faces of a mesh.
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