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It &l EX[PONENSE 2l Nz SUOEI CIENO)
endotelial en'lugares delnjuna
=%
+ El proces%q de coagulacion dele serlecaliizadeyAlmitade
+ Equilibrio entre formacion de coagule y, actividad
anticoagulante



+ Foermacion dell ceagule defilrina

P\
+ Utlllza \

/= Superficies de membrana
— Factores de coagulacion

— Jones metalicos



Intrinsic
pathway




Clat tformation



Coagulation Cascade Initiated by Tissue Factor Release at the Site of Tissue Injury?

A Initiation
TF cornplexes with factor ¥lla E q
formed at the zite of tissue injury;
the zubzequent activation of factor X U El—h- N i
and factor IW generate small amounts
of thrombin

Cell in
injured
tissue

B Amplification
Thrombin activates platelets and
cofactars (Y, VII); coagulation factors and
cofactors assemble on surface of activated wl —-.-
[Mlla, Ya, IKa); multiple feedback loops A
arnplify the process

1r
-
-

ctivated platelet

C Propagation Fibrinogen
dzzembled zomnplexes continue zascade
on surface of activated platelets; the — l
prothrombinase comples converts

prothrombin ta theembin which then
converts fibrinogen to fibrin; this is
followed by clot stabilization

OUNCD

J

N

Activated platelets

tadapted from Ferguson, JJ, et al, Eur Heart J 1992 19(Suppl [):D&, Factors in squares are inactive forms,
whereas factors in circles are active enzymes ; PT= prothrombin Th = thrombin.
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IEIRESIS

+ Formacion, a partiifeeicomponeEftEsidelciISaAIUEREENIENIESA
rJer'rﬁacJ Riodfepiicielfetifziof) o)

Ul ESHAIUIMOIEES

+ Consecuencias;

— Isggemiaoinfarto
— Ed
2 Embollkamon

' Causalmportante de morhilidad y mertalidad



ARUCOACUISNIESHIEUUIEIES

+ Sistema Heparina-Antitiembing,

VA
=7

=
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AT Il

Proteoglycan (heparin)
or heparan

Membrane

(I E R R A T E N R A R T R X N ER R ET RN ET A RTET AL L L L L L L L R L L R LR R L

Endothelial cell



\/1a de la Protera @

+ Componentes;
— ProteinaC
— Proteina
— T rombomedulina

_ Receptor Endotelial parala Proteina G (EEER)

+ Progresion de fermacion del ¢o EL@]ﬂFJ = Iiromhemedulinasenes
Trombina.e Induce cambio enicontormacioni= aclivVaaiieiena C
pierde capacidad procoagulante

+ ProteinaC activada (APC) inastival (jpor proteolisis) aif=actones\VayVile)

También tiene efecto profibrinolitice (neutralizaial Inhikiderde/AchVa0or;

7gg|/e Plasminogeno tipol) vy anti-inflanmatorie.

+ Proteina S ayuda la accion de Proteina C. [Lafraceionilibreenlacirculacion
es laformaactiva. Lafraccion unidaala proteinatransportadolade C4ies
biol6gicamente Inactiva
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IMINECICNNEEIRCOEUHICR/AIINIIOISIS

i

Plasmiincgenoi(protelina sinteiizada eiiioaco) Cliclliciei e ipliesiie:

Se une a Elprnay/al Actuladeriisularae RIasmiinoe SN =AY
Conversion de Plasminogeno entklasmiie; eiziiie orJzerJTJ cAGUENOMPEE
la Eilbrina en multiplesiliuganes = libeiando Preducios detegadaciomeele
Fibrina (FDP), unoide los cuales es el Dimenoe; D

e

+ Plasminatambien degrada Fibrinogeno)y/ oiesacioreside coagiiacion
(mcluyenﬁbv VI, y XI11a)

* A bqaéon&entracmn puede Inhibir agregacion plagu

\ 7A€t|V|dad de Plasmina es regulada poer celulasendetell eJ&, JUEeroulcER
‘Activadores (tPA y uPA) e lnhibidoresdel Activador del Plasminegenc
(PAI-1y PAI-2)



Plasminogen

Fibrin Fibrin
degradation
products




Activators: Inhibitors:
Urokinase-type plasminogen activator . Plasminogen activator
Tissue-type plasminogen activator inhibitars (PAl-1 and

\ Pal-2)
+ —

Plasminogen ———— Plasmin

Inhibitors:

Alpha-1 antitrypsin

Alpha-Z-antiplasmin

Thrombin-activatable
fibrinolysis inhibitor

Fibrin degradation
products
(D-dimer, others)

¥
Fibrin ———»

The fibrinolytic pathway Flasminogen, the precursor molecule to
plasmin, binds fibrin and one of the two plasminogen activators. This
ternary complex leads to conversion of the proenzyme plasminogen to
active, protealytic plasmin. Plasmin cleaves the polymerized fibrin
strand at multiple sites and releases fibrin degradation products
(FOPs). One of the major FOPs is D-dimer, which consists of two D
dormains from adjacent fibrin monomers that have been crosslinked by
activated factor X111, Flasmin has broad substrate specificity and,
inaddition to fibrin, cleaves fibrinogen and a variety of plasma
proteins and clotting factors, Diagram supplied by Gregory ¥H Lip, MD.
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THE BLOOD

ABNORMALITIES OF ©

BLOOD FLOW

ABNORMALITIES OF

-------------------

ABNOAMALITIES OF
VESSEL WALL

ARTERIAL
THROMBOSIS

Cualitative
plateial
abmnormalities

Platglest — 3
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Turbulanog —

o ¥

Hyperiension —

Atbemsaclernsis —

&

VEMNOUS
THROMEOSIS

LE R L L S IR NN ER LN,

Thrombocytogis ———

Hyperviscosity ———=

e E e m m m mm m  m m

. fEnomal
fibrninogens
| Doflelent

fibrnohysls
Deficiency ot

Draficient

clearance ———

F

+— Sipsis

Fs
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Veanous

hypotania {pregnancy)

o Laflicsant
fibrinalysis

Hypercoagulability
+ 4
Activation of coagul

ty



Anormalidad Vascular

+ T'romboesis Arterial:

— Habitualmente dafio)vasculas OIEVI0) COMOIATENBESEENOSIS

— Inicia.con adhesioniplagu e il 2l SORIESUPERICIENESCHIE
anormal; Y fermacioniPoesEr e denideicEs 2gUEESY
fibrina, proceso poten ‘rrr PO IMECACOESITIE I OS IO
pIéqI;gtas ~> Mayor: agregacion plaguetarial

+ Trombosis Venosa:
= Pared vascular usuaimente histelogicamentenorimal:
- Factores extravascul ares son Importantes enfiisiopaiologe

(excepto en casos de traumaveneso direclo; G:eniermedad
Venosa)



ARCKHMelCEC ENNEINIUYORE ENERSEIUIE

(

+ TromboesistArEraIE
— nicialmente eeurie encondicienes aesileraiorenleiguela
Impoertancia de VAN esieiiica paral aiadhnesioie e aeuEies;
— Tromioes semn muy similanesal esiteenes NEMoSECoSHeHTIEIES

— Hipertension, turbulie ] rr\/JJJ\J(L.CI pPUECERICONLIIBUIIRER
uertasformasdetromb i)

+ Trormbosis \Venosa:

— Se’d iolla.en condiiciones de flujol ento; alniente oo
rétardo del flujo
. Grandes cantidades de fibrina con gran canticac adeles
leucocitos y plaguetas disperses en desorden
Alteracion de mecanismos gue remueven factores de'coagul acion
activados

aes; Con



Srziffe Y%&wre S Varias|ConeICIBHES:
CAD’t omboesis; enf. Valvular ardiiacal Vascllitis; enisauteimunes;
Homoc:| Inemiia; tabaguisme; hiperipidemia

A= Actlvau on plaguetariaa consecuenciia delinteraceon conipared
- vascular enferma



NENLaA00; EleVacionue diVersosiiactonesIEHinogEn oS
, 2| dIVErSaSsIconaliciONESHINCIUY UG EIIElcZOAUSOIE
ACO.
Eilbrinogene; V., v VIl soni reactantesideliase aaudal
Elevacion de VWE
Fibri ﬁ‘(a\l SIS anormal
— Acti,v’aéi 0n de coagulacion parece ser mas limperianie enilenaesis
‘ venosa ue niveles elevados de factores = expresion desliE= 190
A= eStlmU|OSfIS|O|OQICOS induccion a cedlaendotelial por sisiancias
~ (Interleukina-1, TNF, Homocistef n&ﬁlﬁqoxin AlGUNOS cdEnoEs
pueden expresar TF, y otros pueden activar aXx



+ Deficiencieidefactiores antilfenmiBouces
— Deficienciade AntitromiamziiiN(1/850/17/2000/25000)
— Delicienciade ProtelinaC (1/200/2'500)
— Deéficienciade Preteina’s
— Presencia de Factor V- Leiden (ResisienciaalaRietenaie) Siaws
— Defl cj enciade Trrombemoedulina?

+ Altera/u oh de Factoeres de Coagulacion
A= M utacion G20210A de Protrombina

=

— Actividad elevadade VIII, vVWE, VI, X, X
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jonRdelaERHnelss
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CEMial

— Deficienciiade Plasmiinegeno
_ Deficienciadet-PA
— Exceso de actividad de RPAl-1

e

> R

. Derecto?getabénco

z

L8 T -
— Homoci steinemia (Homocistinur
1 o

A

=
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Enfermedad Mecanismo Herencia Prevalencia (%) Clinica
Anormalidad de Factores activados
Factor V de Leiden Factor V resistente a inactivacion por APC AD 20a60 TE venoso
Deficiencia de Proteina C Falla para inactivar Vay Vlla AD 5a6 TE venoso
Ma de Pr Falla para inactivar Vay Vlla AD 5a6 TE venoso
Trombomodulina Falla para generar APC AD 5 Trombosis venosa, IM
- /'Falla para inhibir Trombina, Xa, y otros AD la2 TE venoso, resistencia a
R Heparina
Anermalidad de zimdgenos. -
_/ﬂ%()n de nivel de Protrombina AD 5a10 TEvenoso
m rmal, resistente a fibrinolisis AD la2 Trombosis venosa > arterial
AD ? TE venoso
AD TE arterial y venoso
1/335000 NV TE arterial y venosa, ATS
25% de Trecurr  acelerada

10% de 1° episodio
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EStid0eS GENSIPERCOAUIINIIEAEPAEEUIIE6S

MUIGS HHOMIOYENCOSIOIESIAU0S

Edadlavanzade
Inmovilizacion
Trauma

Obesidad

— VI af e p\)l ongado
| — Embarazo
- — Uso de Estrogenos




N

L eucemia aguda N F\ b\
Sickle cdl = eI
— \/3sculiitis

Disfung oniplaguetaria

: _ . — Viateral ow,él o)
— Enf. Mielopraliferativa
— HPNX
+ Cancer
+ Sepsis itopenicipor Heperiz!

+ Estrogenos + Sindrome Apnea-Sueno



3
mm




HIPERCOAGULABILIDAD EN
CIRUGIA CARDIACA

2RAIVIARIA

- CardIOPatl ‘

- Tratamiento
Cardiovascular



HIPERCOAGULABILIDAD EN
CIRUGIA CARDIACA

DACIENTE MAYOR DE 40 2

1

r



HIPERCOAGULABILIDAD
PRIMARIA EN CIRUGIA CARDIACA

+ CONGENITA:
Deficiencia derAnticeagulantestINatw;

1]

(>

o
>)

Q)]

ADQUIRIDAS NO CARDIACAS:

Por t%é{ornos fiSiopatologIces ageENes
Cardiopatias:

E{(ﬁbarazb, puerperio, tte hermoenal
S. Antifosfelipido, Cancer, Colagenepatias:

|

Qh)



HIPERCOAGULABILIDAD ™~
SECUNDARIA EN CIRUGIA
CARDIACA

CONGENITA:
Poliglobulias;
ADQUIRIDAS:
Protesis cardiacas
Arrit‘fn‘ias
_'Hiperagregacion plaguetariz

Cardiomiopatia dilatada
Postoperatorio cardievascular



HIPERCOAGULABILIDAD ™~
SECUNDARIA EN CIRUGIA
CARDIACA

> DIVERSOS




2 fequirements 1ol PIeee o)



IS WIth' prreexistinelannemealiiestor
s willlmost often iave eitheran
Inherited disorder oif coaotiatien eiran
acquired disorder stemming firem-thiern
cardiac lesion o, Fei seiiiglerg AN deln

»dru“gs\



1. Drug ingestion y p
/ /Ql\irargica
2. Circulacion extracorpore
3. Hypothermia
4. Anemia
5. Heparinizacion transoperatoria
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NEST COMMmMonR CatiSENol;
ias| celfollzle



JoS
Heparin lottint | 4-6 hrs  +++
Coumadin bition of synthesis of

factors I, VI, X and XI

1

RN
"
\



Elect o Drugs

LRNGRPIALEIELS

/- day/s s
Clopidogre 7 day/s ==t
Blogueadores llia/iliz
N,SA,JB\S D days ++

Dipiridamole 1-2 days
Ca-channel blockers  1-2 days =+
Quinidine 2-4 days Varanle



|
' Fibrinogen levels fall

7\

- Increasing EDP interfere wit}pl
the coagulation cascade

TX: Cryoprecipitate and Amicar




Hepatic Eail

> w Factor deficit 2

.
»al

Septic endocarditis,
dissection, cancer




Initiall Events

Interaction of foreign surfiaces; and gases Wit slend
Intracardiac suction devices (most imjpoltant)
Turbuleni?\/é‘\laminar filow

Undergerfyée areas of the circuit

Frothing, high'shear rate

Membrane vs bubble oxygenators

Contact of blood with air, open soft tissues, bene and: fat



Platelet Dynamics

Platelet numer falls by SOYewWithimMiEsSEs
minutes of CE
3-5 days

'\

=

5" andl dees nNek neEmalzen o)

V& ,
o Hem\qdllutlon
- Platelet sequestration

Microemboli formation



FTfects of CPB on

Specific proteins ri
L%vg)liof ATP falls

Number of receptors fo \Wﬁd HornegeEn
- falls 1

Final phase ofi platelet hemostasi

retraction - Is impaired



LES| nEULrallization ot emnisiNoN
2o00FTold
f-platelet binding
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alrC estion #o

2
—

LIS theE origin: ol pretamine?

(=

EFishi (salmonj) spern

E. Australian pretamine



CPB Conduct

Protamine
Increases pulmonany vascularesiStane
Causes systemic vasodiatation

Causes myocardial depression
“Anaphylaxis - severe systemic nypotensiony
pulmonary edema, hypoxia

v - more common in diabetics who tred
NPHinsulin, postvasectomy, allergy-te

fish products and previous exposure to
protamine
Rebound anticoagulation phenomene

(b

‘

)



PB Conduct
PEeric oe@'u, ACJURNCTS 10! HEMESTASISTane
Blood Conservation

Aprotinin

Potent inl JJroﬂr}r'pHmrem AUSHIRNIITS
contact activation off coagulatien cascade

'\ Inhibits conversion of plasminegen: torplasmin
) \Preserves platelet adiesion and aggregation

/

e

1 1

7\

- Problems: - anaphylaxis

- renal impailrment

- Induction of prothremboiic stat
- reexposure not recommended

C
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INg IS too mtic
24-7rs Vs, >200/[iEx 2
Nts goi Dack to the OR

Hepatitis develeps in up 7% of patienis
Hepatitis C - 85-90%, B -1

Less than 2% of HIV cases are from
transfusions

Now only 0.25% of doenor pool Is poesitive



foIf slignificant prolongation
/, \of the ACT or aPTT int

period

High concentration ofi FD

Administration of additionall protar
FEP is not particularly effective



/ 5 - 3 2 .

tial" DIagnoesis; ol EXCESSIVENSIES
2[la and olm"rele't gy Sitnetion

5SS thian 75,000 callsS ol

(D

Ip)e)

sufficiently low
Bleeding time Is not reli



[alf DIagnosISroit EXCESSIVENSIECHING
Pathoelogic Eibrmolysis
Cani be recognized ntracperativelywnen 19lcoee
clotsi in the field; hut thanrcletsfguickiyayse
Postoperatively it manifiests oy generalized
bleeding tendency with derangemeni:oiail
laboratory parameters

>R

Amicar, Aprotinin, cCryoprecipitat



A.-Anaphylaxis

B. !\fé\etropenia
C. ‘Anemia

/ D Thrombocytopenla
E. Clotting factor V and VIII deficie




JJﬂmos's of Excessive Bleeding

Velume

jf;’edquent abnermality.
Fackors V' and VIII deficiency. |
MOoSt common cause



[S can provideruseitiNniomnmietLion
S| O flulas; contamineFaimean

proteins (e.g.serum albumin) are usually;
Y \ forbldden

\

Bloodless surgery.

Perioperative mortality is about 7°



;) Patienit enrimarm oIJrJ S,

Take actions specific

bleeding diathesis



es directed age]nsr Nepann=-PEA comipliex

> “Hallmark ofi the diagnosis is thrombocyiopenie:
ring heparn therapy that reselves: ai
withdrawal
ASA and Dextran can reduce heparin-mediated
platelet aggregation

21N NE9 i




turer lireneds
Pha "Jfrrﬁog] al C JfJFrOJ OIf HEMOSIasIS

ol

:)



e \S\ Anticoagulation for

)\ Maintain for 3 mont
—o- ASA faor life advised

A

Complicating Conditions

% in mitral pesition

—a
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