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New and Notable

Reaction Complexity of Flowing sky and Fogelson (2001) have Poised between states of flowing

Human Blood launched the first full simulation of liquid and solid clot, the stability of

. platelet activation, deposition, and blood is predicted to be balanced on
Scott L. Diamond o cell- and wall-dependent coagulationthe head of a pin (or, more literally, a
Department of Chemical Engineering, cascade activation during blood flow pin-prick). Increasing the tissue factor
Institute for Medicine and Engineering, . . .
University of Pennsylvania, over a tissue-factor-containing surface.surface density from 2 to 8 fmol/cm
Philadelphia, Pennsylvania 19104 USA By flowing isolated platelets, neu- (50 sitesim?) is predicted to cause a

) ~ trophils, or monocytes over defined 4- to 5-order of magnitude explosion in
The coagulation pathway of blood is 5ghesive ligands attached to surfacesthe local thrombin concentration at
an ancient mechanism to stop leaks ofy5ny aporatories have measured thehysiological shear rates. Given this
fluid from an organism. At sites of gnear gress dependency of transiensensitivity, a captured neutrophil or
damaged vascular endothelium, plates o sing/rolling or firm arrest. How- monocyte presenting only 100 active
lets and neutroph|I§ are captured fromever, these studies require eliminationtissue factor molecules on its surface
the flow strea_m while tissue fa.ct_o_r on ot thrombin, which activates platelets, may have important consequences in
the wall can bind factor.VIIato 'n't'ate as well as prevention of fibrin forma- sustaining the coagulation process (Pa-
a (l:lalscade fOf coagulatllt_)n rgacr'ilons or{ion, which stabilizes platelet deposits. labrica et al., 1992).
\Szr:i:rz sot:‘r Srcc?tf\’r(;?nst;jirtlmt% I?h:oiwgi?\r?_ The kinetics of th_e coagulation cascade_ Mechanisms of tissue factor inhibi-
The thrombin cleaves fibrinogen to an assembly on actlvate_d platelets (Manntion (platelet coverage versus tissue
active monomer that polymerizes to gt aI._, 1992) and multlcellule_lr aggrega—factor pathway inhibitor) were tested
form a fibrin meshwork. Physiologi- tion in shear flow (Laurenzi and Dia- through  the N Kuharsky—FogeI;on
cally, convection of oxygenated blood mond, 1999) have both been modeled;model..Hemoph|lla§ A and B prov!de
alleviates severe diffusion limitations however, these models cannot handlghe clinical experimental situation
that would otherwise exist in the ab- spatial gradients that occur during clot- wherein factors VIl and IX are defi-
sence of flow (i.e., blood clots would ting on the Wall._ ' ' cient. In. order to .simulate .impaired
cause heart attack and stroke). Despite To tackle. the intertwined bloche'm- coagulation after display of tlss.u'e fac-
more than a century of brilliant re- |stry,_cell biology, and transport bio- tor to factor _\_/III- or IX_-def|C|ent
search in blood biochemistry, plateletphys'cs' Kuha_rsky and Foge_lson as-b!ood, an add_ltlonal physical met_:ha-
and vascular wall biology, suspensionsu_med the existence of a thin, well- nism was requwed—plateletdepo_smon
rheology, and transport physics, theMixed Ie_lyer near the surface. 'I_'ransp_orlblockmg access of blood to the tissue
complexity of blood clotting under of species from who!g blood into this factqr on the ;urface. In fact, the model
flow has prevented quantitative and layer was then quantified by an overall predicted the increased bleeding sever-
predictive modeling. For example, Mass transfer coefficient, thereby elim-ity of hemophilia A over hemophilia
given non-anticoagulated whole blood inating the need to solve for spatially B. Importantly, the model passed an
of a defined genotype flowing at a dependent fluxes due to axial convec-additional test in that it predicted im-
fixed wall shear rate over a defined tion and radial dispersion. This insight- paired coagulation under flow for
reactive surface, it had been impossi-ful approach allowed the authors to blood with reduced platelet counts, as
ble to predict the instantaneous rate orsolve 59 ordinary differential equa- seen in thrombocytopenia. On the op-
final extent of platelet, neutrophil, and tions to simulate flowing human blood posite end of the spectrum of blood
fibrin deposition. In this issue, Kuhar- coagulating on a reactive wall via tis- performance, a future test of the model
sue factor initiation of the extrinsic will be its ability to predict the factor
pathway. The one catch is that the usev Leiden phenotype, a clotting dis-
Received for publication 17 January 2001 and in of this well-mixed layer embeds the order due to a mutated factor V that
final form 17 January 2001. flow physics into the reaction kinetics. is resistant to inactivation by activated
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through the fibrin to the tissue factor: and fragmentation all depend on pre-simulated in an appropriate fluid me-
Vlla complex at the surface. The au- vailing flow conditions. When the re- chanical context.

thors support a role for the intrinsic ceptor-ligand bond mechanics become

pathway (IXa-tenase) to continue better characterized, the single rate

thrombosis aftgr the first Iayer. of plate- constant for platelet deposition used INnREFERENCES
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