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Abstract

Objective: To review the current understanding of mechanisms involved in normal hemostasis and to
describe the changes associated with pro-inflammatory disease processes such as sepsis.

Data sources: Original research articles and scientific reviews.

Human data synthesis: Organ damage caused by sepsis is created in part by the interdependent relationship
between hemostasis and inflammation. Markers of coagulation have been found to have prognostic value in
human patients with sepsis and there are both experimental and clinical investigations of the therapeutic
potential of modulating the hemostatic system in sepsis. Improvement of 28-day all-cause mortality in severe
sepsis by treatment with recombinant human activated Protein C strongly supports the interdependence of
hemostasis and inflammation in the pathophysiology of sepsis.

Veterinary data synthesis: Publications reporting clinical evaluation of the hemostatic changes occurring in
septic dogs or cats are minimal. Experimental animal models of sepsis reveal significant similarity between
human and animal sepsis and may provide relevance to clinical veterinary medicine until prospective clinical
evaluations are published.

Conclusions: It is now apparent that inflammation and the coagulation system are intimately connected.
Understanding this relationship provides some insight into the pathogenesis of the hemostatic changes asso-
ciated with sepsis. This new updated view of hemostasis may lead to the development of novel therapeutic
approaches to sepsis and disseminated intravascular coagulation in veterinary medicine.

(J Vet Emerg Crit Care 2005; 15(2): 83–91)
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Introduction

Hemostasis is the process of forming a blood clot to seal

an injured vessel and the subsequent removal of this

clot when it no longer serves a useful purpose. The clot

prevents ongoing blood loss and also initiates tissue

repair.1,2 Successful hemostasis can be separated into
several phases, which include the formation of a plate-

let plug (primary hemostasis) and stabilization of the

platelet plug with cross-linked fibrin (secondary hem-

ostasis) followed by destruction of the clot by fibrin-

olysis.1

Secondary hemostasis requires the formation of the

key element thrombin and ultimately, fibrin from the

soluble pro-coagulant proteins. These serine proteases

circulate as zymogens and form thrombin through a
series of linked proteolytic enzyme reactions. Each re-

action consists of one serine protease activating a

downstream serine protease zymogen.2,3 A cascade is

thereby formed allowing both amplification and nu-

merous regulatory opportunities.

The traditional separation of secondary hemostasis

into the intrinsic and extrinsic pathways (Figure 1) has

been essential to our initial understanding of coagula-
tion as well as the evaluation of hemostatic abnormal-

ities. It was originally believed that the intrinsic

coagulation pathway was the most important initiator

of coagulation in health and disease.2,4 Several clinical

situations were identified that forced investigators to

question this original concept. For example, patients

with factor XII deficiency have little or no evidence of

clinical bleeding.5,6 Patients with factor VIII or IX de-
ficiency have a significant coagulopathy despite the

suggestion that an intact extrinsic pathway could

‘compensate’ for dysfunction of the intrinsic pathway.
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Patients with factor XI deficiency have a variable de-

gree of coagulopathy but it is never as severe as the
bleeding issues seen in factor VIII or IX deficient indi-

viduals.5,7 It is now widely accepted that the extrinsic

pathway is the most important initiator of in vivo co-

agulation and the extrinsic and intrinsic pathways can

no longer be considered as separate entities.

An updated view of secondary hemostasis outlines

the recently established interrelationship between the

intrinsic and extrinsic coagulation pathways, dividing
activation of coagulation into an initiation phase and a

propagation phase.3,6 This modern view of hemostasis

also characterizes anti-coagulant, fibrinolytic and anti-

fibrinolytic mechanisms and emphasizes that these

processes are as equally important to normal hem-

ostasis as are the pro-coagulant mechanisms (Table 1).

Hemostasis and Sepsis

Sepsis, defined as the systemic inflammatory response
to an infection, is associated with a high morbidity and

mortality rate in human medicine.8 An evaluation of

nearly 200,000 human septic patients in 1995 deter-

mined a mortality rate of 28.6%; this rate was 38.4% in

children and patients greater than 85 years of age.9

There is limited information available regarding the

morbidity and mortality of sepsis in veterinary medi-

cine. One recent article reported a 50% mortality rate in
a group of 20 dogs diagnosed with sepsis.10 Given the

few published reports available and the similarity of

this disease process with that seen in human medicine,

it is likely that the morbidity and mortality of sepsis is

also high in veterinary patients.10–12 Multiple organ

dysfunction syndrome (MODS) can develop in patients

with severe sepsis and is associated with increased

mortality rates in humans.9

Acute inflammation, as seen in association with sep-
sis, leads to systemic activation of the coagulation

system. This inflammation-induced coagulation can re-

sult in intravascular fibrin formation; this phenomenon

is called ‘disseminated intravascular coagulation

(DIC)’.13,14 DIC may cause thrombotic occlusion of

small blood vessels and it is believed to contribute to

the development of MODS.14,15 Persistent activation of

intravascular coagulation can lead to the consumption
of platelets and coagulation factors and a coagulopathy

may result.4,14 Just as acute inflammation can alter the

coagulation system, changes in the coagulation system

can also modify inflammatory pathways. More specif-

ically, increased activation of coagulation promotes

pro-inflammatory effects, including increased levels of

pro-inflammatory cytokines and leukocyte activation.

Similarly, activation of anti-coagulant processes tends
to have anti-inflammatory effects such as reduced cyto-

kine production and reduced leukocyte adhesion.16,17

This coagulation-dependent modulation of inflamma-

tion may play a significant role in the morbidity and

mortality of the septic patient.18,19

Initiation and Propagation

Tissue factor (TF), previously known as factor III of the
extrinsic pathway, is the most important initiator of

thrombin formation in both health and disease.7,20,21

Functionally active TF primarily exists as a transmem-

brane glycoprotein with both cytoplasmic and ex-

tracellular domains.22 Extravascular monocytes, ma-

crophages and fibroblasts express TF constitutively,

while intravascular leukocytes do not. There are high

levels of TF in the adventitia of blood vessels, fibrous
capsules of organs and the epithelium of the skin

and internal mucosal layers.23,24 This constitutive TF is

found in close proximity to the vascular space where it

is responsible for appropriate activation of coagulation

in response to an interruption to vascular integrity.7,23

Circulating TF has also been identified in healthy hu-

man volunteers.7,25 This TF is found on microparticles,

cell membrane fragments which arise from exocytotic
budding of cells.26 The source of circulating TF is hy-

pothesized to be activated endothelial cells or le-

ukocytes.25 This intravascular TF is ‘encrypted’ such

that it is functionally inactive. The role of ‘encrypted’

TF and the mechanisms behind its de-encryption are

yet to be discerned.27

Traditional Coagulation Pathway: 
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Figure 1: The traditional coagulation pathway.

Table 1: Endogenous pro-thrombotic and anti-thrombotic path-

ways

Pro-thrombotic systems Anti-thrombotic systems

Platelet activation Tissue factor pathway inhibitor

Coagulation cascade Anti-thrombin

Anti-fibrinolysis Protein C pathway

Fibrinolysis
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When exposed to blood, TF rapidly binds and acti-

vates FVII in the presence of calcium, forming a TF–

VIIa–Ca21 complex.27,23 This membrane bound com-

plex has 2 important functions: activation of FIX and

activation of FX; and represents the initiation phase of

the TF pathway (Figure 2).2,23 Factor Xa then leads to

the generation of thrombin via the common pathway
but because TF pathway inhibitor (TFPI) rapidly inac-

tivates both TF–FVIIa and FXa, only traces of thrombin

are produced from this initial reaction.22,6,23 Most of the

thrombin generated from TF activation is produced via

FIXa acting on the common pathway, the propagation

phase. This amplification is made possible by the ac-

tivation of FV and FVIII by the trace levels of thrombin

released in the initiation phase (Figure 3). Factors Va
and VIIIa have co-factor roles in coagulation; they sig-

nificantly enhance the function of factors Xa and IXa,

respectively.1 The propagation of thrombin via the in-

trinsic pathway is essential; without it, TF initiation

of coagulation would result in insufficient thrombin

formation.6,7

Pro-inflammatory mediators such as endotoxin,

tumor necrosis factor-a (TNF-a), lipoproteins and
growth factors can all stimulate TF expression on end-

othelial cells and circulating monocytes.23,24,28,29 The

induction of intravascular TF expression is a primary

mechanism of inflammation-induced coagulation acti-

vation. The potent pro-coagulant nature of TF has been

demonstrated experimentally where infusion of recom-

binant TF can initiate DIC.30 Blockade of TF activity

with neutralizing antibodies or TFPI administration
prevents mortality in a lethal primate model of endo-

toxin infusion.30,31 Induced TF expression plays an es-

sential role in numerous disease states including sepsis

and atherosclerosis and is an extremely important

link between the coagulation and inflammatory sys-

tems.32,33

TF has functions beyond coagulation. It has impor-

tant roles in both embryological and neoplastic angio-

genesis.34,35 The importance of TF to angiogenesis is
demonstrated by the in utero lethality of the TF knock-

out mouse model.36 The role of TF in atherosclerosis

and cell metaplasia is currently an area of intense re-

search. As a receptor molecule in the cytokine family,

binding of the ligand, FVIIa, to TF alters the physiology

of the TF expressing cell. Proposed regulatory functions

of TF in the modulation of inflammation, cell prolifer-

ation and differentiation remain to be proven.37

Anti-Thrombotic Systems

TFPI

There are three pools of TFPI in the body: within mi-

crovasculature endothelial cells, stored in platelets,

and circulating bound to lipoproteins.2,38 The release

of TFPI from endothelial cells by both unfractionated

heparin (UFH) and low molecular weight heparin

(LMWH) may contribute to the efficacy of these
drugs.39

TFPI is an important endogenous anti-coagulant, in-

activating both FXa and the TF–VIIa complex.7,40 Ini-

tially, TFPI complexes with and inactivates FXa. The

TFPI–FXa complex then binds to the TF–FVIIa complex,

forming a tetramer and subsequently inactivating

TF–FVIIa.2

Plasma levels of TFPI antigen have been reported to
be low, normal or even elevated in septic patients.41–43

The specific role of TFPI in the development of DIC is

unknown. In sepsis and the acute respiratory distress

syndrome increases in plasma TF concentration with-

out a corresponding increase in TFPI concentration

have been reported.44,45
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Figure 2: Initiation phase of the tissue factor pathway leading

to the generation of trace levels of thrombin and activation of

factors V, VIII, IX and X.
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Figure 3: The propagation phase of the tissue factor pathway as

a consequence of activated factors V, VIII, IX and X, resulting in

the generation of thrombin.
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Administration of recombinant TFPI (rTFPI) in ani-

mal models of sepsis significantly reduces mortality.46–48

Despite these findings, a large phase III human clinical

trial of rTFPI in patients with severe sepsis failed to

reduce 28 day all-cause mortality and the risk of ad-

verse bleeding events was higher in treated patients.49

Additional investigations are underway to investigate
the therapeutic potential of rTFPI in the treatment of

severe sepsis.

Anti-thrombin

Anti-thrombin III, now known as anti-thrombin (AT), is

a potent serine protease inhibitor produced by the liver

and found in plasma and to a small extent, on the sur-

face of endothelial cells and platelets.50 Its anti-coagu-

lant strength is because of specific thrombin and FXa
inhibition. In addition, AT can effectively inhibit the

activity of factors VIIa, IXa, XIa, and XIIa. AT binds to

and inactivates its target coagulation factor. This AT-

factor complex is then removed by the reticuloendo-

thelial system and as a result, the more active AT is, the

faster it will be depleted.50,51

The AT molecule contains a heparin-binding domain.

Glycosaminoglycans (GAGs), including heparin, hepa-
ran sulfate and dermatan sulfate, contain repeating

pentasaccharide sequences, which bind to this heparin-

binding domain resulting in a conformational change

and activation of the AT molecule.52 This allosteric ac-

tivation of AT potentiates its enzymatic activity by

more than a 1000 times.50 Heparan sulfate and other

GAGs are found endogenously on endothelial cells of

the microvasculature and will bind to AT in the absence
of exogenously administered heparin.50,51

To potentiate the inhibition of thrombin, the heparin

molecule must be long enough to simultaneously attach

to both thrombin and AT. This requires a heparin mol-

ecule containing at least 18 pentasaccharide units. This

dual binding is not required for the inactivation of the

other serine proteases.51 UFH is a heterogenous mix of

molecules of varying molecular weights. A large pro-
portion of these molecules contain more than 18 pent-

asaccharide sequences and as such can effectively

mediate the AT inactivation of thrombin.52,53 In con-

trast, LMWH contains far fewer large molecules and as

a consequence it has a limited ability to mediate throm-

bin inactivation. LMWH retains the ability to inactivate

the other serine proteases, namely factor Xa.52,53 The

increased FXa versus thrombin inhibitory effect explains
how effective anti-coagulation with LMWH may not

result in observable changes in the traditional coagu-

lation tests such as the activated clotting time or acti-

vated partial thromboplastin time. In addition, at least

in people, LMWH has a longer half-life and has far

more predictable pharmacokinetics than UFH.52 As a

result, a constant rate infusion of intravenous (IV) UFH

in conjunction with continuous monitoring of coagula-

tion tests can be replaced with intermittent subcutane-

ous administration of LMWH with minimal, if any,

monitoring.53 LMWH was as effective and safe as UFH

in several clinical human trials.54,55 Increased frequency

of bleeding episodes is an adverse effect of LMWH ad-
ministration and limits the use of this drug in patients

at risk.52,53 There have been some investigations into

the use of LMWH in veterinary medicine. There are

reports of effective dosing of dalteparin sodiuma in

dogs and horses, and there has been one investigation

of dalteparin administration to cats.56–59 There have

been numerous trials of several different types of

LMWH in experimental animals.60–62 Each type of
LMWH is unique in the composition of the heparin

molecules and subsequently they have quite variable

pharmacokinetics and biological properties.63 As a re-

sult, dosing information cannot be translated from one

LMWH to another.

Thrombin and FXa are both pro-inflammatory in na-

ture with wide ranging effects including increased

cytokine release, leukocyte chemotaxis, and increased
adhesion molecule expression.4 Hence, inhibition of

thrombin and FXa by AT has significant anti-inflam-

matory consequences. In recent years, AT has also been

found to have anti-inflammatory actions that are inde-

pendent of its anti-coagulant activity.50,51 AT modulates

the interaction between endothelial cells and leukocytes

by reducing leukocyte activation and adhesion. AT-

stimulated prostacyclin release from endothelial cells
reduces platelet aggregation and decreases pro-inflam-

matory cytokine production.50,64,65 AT also directly in-

hibits interleukin-6 (IL-6) release and TF expression of

endothelial cells.66 These anti-inflammatory effects

rely on AT binding to endothelial cells of the micro-

vasculature via GAGs and are virtually abolished by

the administration of heparin.51,67,68 This creates a di-

lemma for the clinician treating a patient with heparin
in order to maximize the anti-coagulant effects of AT, in

doing so, the potentially important anti-inflammatory

effects of AT may be lost.50,51

Both septic humans and animals have been shown to

have diminished plasma concentrations of AT and in

human patients, the magnitude of this reduction has

been correlated with the severity of illness and surviv-

al.10,32,69,70 AT therapy in animal models of sepsis is
beneficial.71,72 Despite this benefit, the phase III human

clinical trial of the administration of AT concentrate to

patients with severe sepsis found no effect on all-cause

28-day mortality.73 There was some evidence of benefi-

cial effects in a subgroup of patients that were not

receiving concomitant heparin therapy, although this

finding should be interpreted with caution as this trial
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was not designed for such subgroup analysis.73 Based on

this evidence AT administration was not recommended

in the treatment of severe sepsis and septic shock in the

latest surviving sepsis campaign guidelines.74

Protein C (PC) pathway

PC and its co-factor, protein S, are vitamin K-dependent

plasma proteins synthesized by the liver. The PC anti-
coagulant pathway results in the inactivation of factors

Va and VIIIa, enhanced thrombin inactivation, and has

direct anti-inflammatory activity.1 PC requires activa-

tion by thrombomodulin (TM), an endothelial cell

membrane protein. TM binds thrombin, preventing it

from continuing to activate coagulation factors, plate-

lets and endothelial cells.75 Thrombin bound to TM is

more rapidly inactivated by inhibitors such as AT, than
free thrombin. The TM–thrombin complex is approxi-

mately 1000 times more effective at activating PC than

TM alone.76 The endothelial cell PC receptor (EPCR)

binds PC and concentrates it around the TM–thrombin

complex on the surface of the endothelial cell, enhanc-

ing PC activation approximately 20-fold.77 Once acti-

vated, PC dissociates from the EPCR, binds to protein S,

and this complex inactivates FVa and FVIIIa.78,79

The complex interactions involved in PC activation

are an essential aspect of normal hemostasis. The mi-

crovasculature has a very large endothelial cell surface

area; as a result, almost all thrombin which escapes

from local sites of coagulation into the systemic circu-

lation will be rapidly bound by TM, enhancing throm-

bin inactivation and potentiating PC activation.17 At the

local level, factors Va and VIIIa are vital in the prop-
agation phase of TF-mediated coagulation; their inac-

tivation by activated PC (aPC) is a potent AT

mechanism.6 PC activation is largely dependent on

the TM–thrombin interaction. This is an intriguing de-

sign because thrombin, one of the most pro-coagulant

substances in the body, also participates in the forma-

tion of a primary anti-coagulant substance. This physio-

logic design is sometimes referred to as the ‘thrombin
paradox’.80 The significance of the PC pathway is dem-

onstrated by the severe and often fatal thrombosis

(purpura fulminans) manifested in individuals with an

inherited PC deficiency.81

The aPC pathway has significant anti-inflammatory

actions, indirectly by the inactivation of thrombin by

TM and the inhibition of further thrombin generation,

as well as directly.78 The EPCR has cell signaling
functions and experimentally blocking the interaction

between PC and EPCR has pro-inflammatory and

pro-coagulant consequences.78 Soluble EPCR can be

released from the endothelium in disease states such as

sepsis and interferes with leukocyte–endothelium ad-

herence.82 aPC has anti-apoptotic effects on endothelial

cells via binding to EPCR and the subsequent initiation

of cell signaling.83 aPC inhibits TNF release, nuclear

factor-kB activation, leukocyte adhesion, and TF ex-

pression.84,85 The signaling pathways responsible for

these actions of aPC are yet to be elucidated.78,79 In

addition to these anti-inflammatory actions, aPC im-

proves fibrinolysis in disease states by inhibition of
plasminogen activator inhibitor-1 (PAI-1), an important

mediator of impaired fibrinolysis.86,87

Numerous human studies have documented that PC

is consistently depleted in sepsis.13,70,88,89 In a report of

20 septic dogs with naturally occurring sepsis, PC ac-

tivity was significantly lower than controls. No rela-

tionship between PC levels and outcome could be

determined.10 A study evaluating 34 septic foals also
reported a significant decrease in PC activity in com-

parison with controls.69 PC deficiency is inversely cor-

related with mortality rate in human patients with

severe sepsis.19,70,88 Depletion of PC during sepsis is

thought to be the combined result of degradation by

neutrophil elastases, consumption by increased pro-co-

agulant processes, inadequate hepatic biosynthesis, and

possible acquired vitamin K deficiencies.76,79 The
PROWESS trial, a phase III human clinical trial of re-

combinant aPC (Drotrecogin alfab) administration to

patients with severe sepsis, resulted in a 6.1% absolute

reduction in 28 days, all-cause mortality and a 19.4%

reduction in the relative risk of death.18 There was an

increased risk of serious bleeding found in the treated

group, although serious bleeding occurred primarily in

patients predisposed to hemorrhage (gastrointestinal
ulceration, prolonged bleeding times, low platelet

counts). Administration of aPC reduced the activation

of thrombin and decreased inflammation, as deter-

mined by significant decreases in serum IL-6 con-

centrations in the treated patients.18 aPC is the first

pharmacological agent proven to reduce mortality in

severe sepsis. Administration of aPC was associated

with a reduction in relative risk of death in patients
regardless of the presence of an aPC deficiency prior to

therapy. This result, in addition to the reduction in IL-6

levels, led to the conclusion that the effectiveness of

aPC administration in septic patients is a consequence

of its anti-inflammatory properties as much, if not more

than its anti-coagulant properties.13,19,90 It serves as yet

another example of the intimate relationship between

the inflammatory and coagulation systems. The human
recombinant aPC product has marked species specifity

and requires a 15–20-fold higher dose in dogs to

achieve a similar level of anti-coagulation in compar-

ison with human subjects.91 In addition, drotrecogin

alfa is rapidly eliminated in dogs and is antigenic in

non-human species including primates and cannot be

re-administered in animals for fear of anaphylaxis.c
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Fibrinolysis

The goal of the coagulation cascade is the formation of
the stable fibrin clot to achieve hemostasis. Thrombin

rapidly catalyses the conversion of fibrinogen to fibrin,

the fibrin monomers then spontaneously associate to

produce an initial clot. Under the influence of FXIIIa,

covalent cross-links form between adjacent fibrin mol-

ecules, forming the final, stabilized clot.92 Factor XIII is

found both in plasma and in the cytoplasm of platelets

and is activated by thrombin, a reaction that is accel-
erated by the presence of fibrin itself.93

Fibrinolysis is the process of removal of intravascular

fibrin clots and is an essential component of normal

hemostasis. Plasminogen is cleaved by a plasminogen

activator to form the enzyme plasmin, which subse-

quently digests the fibrin mesh.1 The 2 physiologic

plasminogen activators are tissue plasminogen activa-

tor (tPA) and urokinase (uPA). Release of tPA from
endothelial cells occurs in response to direct cell injury

or following stimulation by thrombin. Urokinase is

found in numerous cell types of the body and may have

a greater role in extra-vascular fibrinolysis.86,92

Impairment of fibrinolysis has a prothrombotic ef-

fect. The hemostatic dysfunction associated with sep-

sis is characterized by both increased pro-coagulant

processes and reduced fibrinolysis which can result
in widespread microvascular thrombosis.14,94 PAI-1 is

the primary physiologic inhibitor of tPA and uPA. This

inhibitor of fibrinolysis is elevated in some human sep-

tic patients and both PAI-1 concentration and acti-

vity has been correlated with outcome in some

studies.89,95,96

Thrombin-activatable fibrinolysis inhibitor (TAFI), a

plasma protein activated by high levels of thrombin or

by thrombin–TM complexes, attenuates the conversion

of plasminogen to plasmin. Plasmin can also activate

TAFI, a negative feedback mechanism, this process is

further stimulated by heparin.97,98 When thrombin is

bound to TM, activation of TAFI, and hence, inhibition
of fibrinolysis is increased 1250 times.92 Inflammatory

processes such as sepsis are associated with increased

oxidative damage. Oxidation of TM impairs its ability

to activate PC but it retains its ability to activate TAFI.

The result is the loss of the anti-coagulant effects of PC

in the face of ongoing TAFI-mediated anti-fibrinolytic

actions.92 This may further contribute to the prothrom-

botic coagulopathy associated with sepsis.

Summary of Hemostasis and Sepsis

Clinically, sepsis is a challenging disease process to

treat successfully. Hemostatic abnormalities, collectively

known as DIC, are commonly found in patients with

severe sepsis. DIC produces a prothrombotic state, but

because of consumption of coagulation factors and

platelets, a unique situation can develop where a patient

can have both thrombotic and hemorrhagic tendencies.
In veterinary medicine, there remains a limited ability to

recognize a prothrombotic state and the primary indi-

cation of the presence of DIC is the identification of a

coagulopathy. As a result, DIC is often considered clin-

ically as a bleeding disorder. Conceptually, DIC should

be considered a prothrombotic process, reflecting the

hemostatic system’s response to a pro-inflammatory

Table 2: Summary table; components of the hemostatic system and their general role in coagulation and inflammation.

Name Coagulation effects

Inflammatory

effects

Sepsis-

associated

changes

TF, Tissue factor Pro-coagulant Pro-inflammatory Elevated

Initiation of coagulation

TFPI, Tissue factor pathway inhibitor Anti-coagulant Anti-inflammatory Variable

Inhibition of FXa and TF–VIIa complex

AT, Anti-thrombin Anti-coagulant Anti-inflammatory Reduced

Inhibition of thrombin, Xa, VIIa, IXa, XIa, XIIa

PC, Protein C Anti-coagulant Anti-inflammatory Reduced

Inhibition of FVa, FVIIIa

Reduced fibrinolysis

TM, Thrombomodulin Anti-coagulant Anti-inflammatory Reduced

Inhibits thrombin, activation of protein C

and activates TAFI

EPCR, Endothelial cell protein C receptor Anti-coagulant activation of protein C Anti-inflammatory Reduced

PAI-1, Plasminogen activator inhibitor 1 Inhibits fibrinolysis No known role Elevated

Inhibits plasminogen

TAFI, Thrombin activatable fibrinolysis inhibitor Inhibits fibrinolysis No known role Variable

Reduces plasminogen activity
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state. Important pro-coagulant changes in sepsis include

the intravascular expression of TF in combination with

a generalized reduction in endogenous anti-coagulant

pathways (TFPI, AT, aPC). This overall pro-coagulant

tendency is further aggravated by impaired fibrinolysis

because of increased levels of PAI-1 and uninhibited

activity of TAFI, the end result being widespread mi-
crovascular thrombosis (Table 2).

Conclusions and Future Directions

It is now apparent that the normal hemostatic response

involves the interaction of multiple complex processes.

Inflammation and the coagulation system are intimate-

ly connected; activation of one of these systems will

invariably impact the activity of the other. Understand-

ing this relationship provides some insight into the

pathogenesis of the hemostatic changes seen during

inflammatory disease processes such as sepsis. This
new updated view of hemostasis has led to the devel-

opment of novel therapeutic approaches to sepsis and

DIC. In veterinary medicine, the challenge will be to

determine which of these therapeutic options are ben-

eficial as well as financially justifiable in our patient

population.

Footnotes
a Fragmin, Pharmacia & Upjohn Company, Kalamazoo, MI.
b Xigris, Eli Lilly & Company, Indianapolis, IN.
c Personal communication with Eli Lilly & Company.
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