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BACKGROUND: BLOOD
COAGULATION CASCADE

® The cascade can be simplified as two separate
pathways, intrinsic and extrinsic, that work to
activate clotting factor Xa.

® Factor Xa transforms prothrombin into thrombin
and thrombin then turns fibrinogen into fibrin,
formalizing a clot. This is the body’s way of
preventing excessive bleeding.

® Unfractionated Heparin is an anticoagulant (input)
which already exists in our bodies but can also be
injected intravenously.

® Heparin advances antithrombin’s effect on various
clotting factors specifically factor Xa and
Thrombin (output) by inhibiting them from
activating and therefor inhibiting the blood
coagulation cascade.
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1\@ ASSUMPTIONS (

O Heparin 1. The scope of our biosystem is limited to the
v actions of Heparin and Antithrombin on Thrombin
Antithrombin . . - .
2. The concentrations of Antithrombin and Thrombin
nbin —= Thrombin =—— are much greater than of Heparin
‘ ‘ 3. Heparin is dosed at a steady rate after t=0

4. The conversion of Prothrombin to Thrombin is

Proxy for blood
coagulability negligible

5. The initial concentrations of Prothrombin and

Thrombin are the same
6. There is a 5 min time delay in the measurement
system



1\\; RELEVANT EQUATIONS IN COAGULATION CASCADE |

O . d[Prothrombin d[1]
) Aoretromiil — L — (b [Xa] + k_[lla] + k,[lla]” + k_[1a]")[1]]

\ d|Thrombin d[Ila : - . ) 2 ) 3.
Alwombin) _ A9 _ (p [Xa] + k[Ila] + k,[Ha]’ + k_[I1a] )[1I] — b [ATII][!Ia]

_, dla] _ d[1I
> S = —LL — b_[ATIII][I1a]

4) [Anti-Thrombin] = |ATIII]

5) S5 = k [lla] — b_+[H]




1\0 BIOSYSTEM TRANSFER FUNCTION

L =k [11a] — b+ [H]

= S:la(s) + a(0) = k la(s) — b_—H(s)

. b v

. Ia(s) z

: — :

= U(s) H(s) k(s—k )
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dt

v
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oD = FO X WD OPEN LOOP BODE
OL(s) = (de+1<p)xm PLOT

39,837.07 + 18,731.83

OL(s) =

813s-0.0122
Kd = —-550.54
Bode Diagram > <
_ Kp = —258.87
V=72
b=10.05
k=813
k3 = 1.5E-5

Frequency (rad/s)
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