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A HEMOSTASIS
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A fibrinolizis rendszere Gatlé fehérjék —

termeészetes antikoagulansok




Fibrinolysis elsédleges célja a szervezetben képzodott vérrogok lebontasa.

Tobbszorosen szabalyozott, kontrolalt folyamat, normal esetben az
alvadék kialakulasahoz képest késleltetve jelentkezik.

Fibrinolitikus rendszer a hemostasis mellett szerepet jatszik a gyulladasos
folyamatokban, tumorfejlédésben €s metasztazis képzésben.

Az clsddleges endogén fibrinolitikus enzim a plazmin, mely inaktiv
prekurzorbdl, plazminogénbdl képzddik egy peptid kotés hasitasaval.
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A plazminogént a plazminogén aktivator aktivalja. A plazminogén a
fibrinszalak lizin oldallancaihoz kapcsolédva konformacio valtozas utan
valik hozzaférhetdve a plazminogén aktivatorok szamara. A proteolizis
soran a fibrinszalban addig nem exponalt lizin oldallancok valnak
hozzaferhetoveé, amelyekhez tovabbi plazminogénmolekuldk képesek
kotodni, €s ott helyben aktivalodni.

Természetes plazminogén aktivatorok:
* Szoveti tipust plazminogén aktivator
* Urokinaz tipusu plazminogén aktivator

A plazmin nem specifikus proteaz a fibrin mellett szamos egyéb plazma
proteint bont (pl.: alvadasi faktorok)

Plazminon kiviil szamos mas enzim is képes emészteni a fibrint, példaul az
elasztaz ¢s a katepszin G.




A fibrinolizis gatlasa:
* A plazminogén aktivator inhibitor gatolja a PA-t

* A plazmininhibitor (a2-antiplazmin), a fibrinolizis els6 szamu
szabalyzoja. A plazminnal egyiitt kotodik a fibrinszalakra, gatolja
a plazmin proteolitikus aktivitasat.

* Thrombinnal aktivalhaté fibrinolizisinhibitor: az aktivalt
inhibitor eltavolitja a fibrinrdl a lizin oldallancokat, és ezzel
megakadalyozza a plazminogén kotodését és aktivalasat. (az
alvadas kezdetén az intrinsic alvadasi uton felszabadul6 nagy
mennyiségi thrombin gatolja a finrinolysist)
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- Plazmin nem hasznalhato, mert természetes inhibitorok gatoljak hatasat
- Fibrinilyticumok a plazminogén = plazmin atlakulast katalizaljak

- Elso generacios:
- Streptokinaz
- Urokinaz
- Masodik (harmadik) generacios:
Alteplase
Reteplase
Tenecteplase
Anisstreplace (Anisoylated purified streptokinase activator complex)

- Fibrin specificitas:
- Fibrin specifikus anyagok: alteplaz, reteplaz, tenekteplaz (fibrin hianyaban

alig van plazminogén-kenverzié)

- Nem fibrin specifikus anyag: sztreptokinaz, urokinaz




- Streptococcusok termelik (Streptococcus beta-haemolyticus)

- Onmagaban nincs enzimatikus aktivitdsa, nem plazminogén aktivator,
hanem a szabadon keringé plazminogénnal (vagy plazminnal) komplexet
képez, ami a tovabbi plazminogén-plazmin atalakulast eredményez

- A szterptokinaz-plazminogén komplex nem specifikus proteaz, az V és VII
faktor atalakulast is katalizalja

- Nem fibrin specifikus, hatasat a fibrin jelenléte nem noveli

- Szisztémas lysist eredményez — nagyobb vérzésveszély

- Féléletido: (kettos) 18 perc (gyors), 83 perc (lassu)

- Mellékhatas: gyakran okoz lazreakciot, allergiat, hypotensiot (dozisfiiggo)

- 6 honapon beliil biztonsagosan nem adhato ujra, mert eros antigén, magas
antistreptococcus ellenanyag szint alakul ki

- Olcso, ezért — bar a legtobb mellékhatast, szovodményt okozhatja — a
fejlodo orszagokban még hasznaljak




- Eredetileg természetes anyag, vese parenchyma sejtek termelik (1500 |
vizelet sziikséges egy adag kivonasahoz), jelenleg szovetkulturakban, ill. E.
coli-val rekombinans technolégiaval allitjak elo

- Direkt enzimatikus hatassal rendelkezik, plazminogént plazminna hasitja

- Nem fibrin specifikus, hatasat a fibrin jelenléte nem noveli

- Szisztémas lysist eredményez — nagyobb vérzésveszély

- Féléletido: kb. 20 perc

- Ujra adhato, ha sziikséges; nem antigén, ritkan allergizal

- Indikacio: pulmonalis embolia, periférias intravascularis rogoldas,

elzarodott kaniil

- Inaktiv prekurzor, relative fibrin specifikus, a fibrinhez kotott
plazminogén aktivalja (nem a szabad plazminogén)




- Els6 rekombinans tPA, egyezik a természetes tPA-val

- Fibrin specifikus, elméletileg csak a fibrin felszinén hat - kisebb
vérzés veszély; gyakorlatilag van szisztémas hatasa is, ami vérzést
okozhat

- Féléletido: 4-6 perc

- Ujra adhato, ha sziikséges; nem antigén, szinte soha nem allergizal

- Legszélesebb indikacios korben alkalmazhaté fibrinolyticum:
STEMI, akut ischaemias stroke, magas kockazatia pulmonalis
embolia, elzarodott centralis vénas eszkoz




- Masodik generacios rekombinans tPA (harmadik generacios
fibrinolyticum)

- Szintetikus nem-glikozilalt delécios fehérje (527 helyett 355 aminosav)

- Gyorsabban hat az alteplaznal, kisebb a vérzésveszély

- Nem kotodik olyan erésen a fibrinhez, ezért jobban be tud hatolni a
thrombusba (nem csak a felszinen hat), mint az eredeti tPA/alteplaz

- Féléletid6 hosszabb: 13-16 perc, ezért bolusban alkalmazhato
- Ujra adhato, ha sziikséges; nem antigén, szinte soha nem allergizal

- Indikacio: ST elevacios AMI (2x10 E 30 perc idokozzel)




- Legujabb, befogadott rekombinans tPA, 527 aminosavbol all néhany
aminosav modositasaval

- Hatasmechanizmusa az alteplazhoz hasonlo

- Nagyobb a fibrin specificitiasa, ezért kevésbé okoz vérzést

- Féléletido: 20-130 perc, 1-szeri bolusban alkalmazhaté
- Ujra adhato, ha sziikséges; nem antigén, szinte soha nem allergizal

- Indikacié: STEMI (alteplazhoz képest non-inferioritas, kevesebb
major vérzés, Kisebb transzfazié igény, hasonlé intracranialis vérzés
arany)




(Anisoylated purified streptokinase activator complex APSAC)

- Sztreptokinaz — plazminogén komplex, ami nem igényel szabadon keringé
plazminogént,

- Antigén tulajdonsag

- Nem fibrin specifikus, nem kiilonbo6zteti meg a fibrinhez kotott és keringo
plazminogént, ezért szisztémas lysist okoz;

- Féléletido: 40-90 perc




- antifibrinolytikus aminosavak (lizinszarmazékok, a plasmin lizinkoté
helyét elfoglalva inaktivaljak):
- epszilon-aminocapronsav (EACA),
- tranexamsav
- aprotinin: szerin-proteaz gatlé, amely az alvadasi folyamatot is
gatolja (a plazmin ser-proteaz)
- P-aminomethylbenzoesav: plazminogén aktivatorokat gatolja




- Szisztémas
- STEMI,
- Pulmonalis embolia
- Stroke
- Reanimacio
- Lokalis alkalmazas
- periférias artérias thrombosis,
- proximalis mélyvéna thrombosis,
- centralis véna kantil/katéter

}l

Intravenous
Thrombolysis

Thrombolysis

Thrombolytic --
medications







- Szivizom necrosis (irreverzibilis karosodas) 20-60 perc alatt
NELEL]

- Cél: gyors recanalisatio/revascularisatio (lysis/PCI/CABG)
- 12 oran beliil

- 12-48 6raban: megfontolhato tiinetes betegnél, akinél nagy
myocardium érintett vagy hemodinamikai instabilitas van




- 90 percen beliili PCI elonyosebb (superior) a fibrinolysishez képest, de
- 120 percen tul a PCI elonye eltiinik

- STREAM: 3 éran beliili panaszok esetén a ,,pre-hospital”
fibrinolysis (+6-24 éraban coron. vagy ,,rescue” PCI) ugyanolyan
hatékony volt, mint a PCI (NEiM, March 10,2013)

- PCI-t preferaljuk, de sok a logisztikai nehézség: késedelmes transzport,
késedelem az SBO-n, elokészités a katéteres laborban, nem mindenhol
érheto el 24 oraban a PCI (pl. USA akut ellato korhazak 36%-aban)
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STEMI
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Time to PCI
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Recommendations

Reperfusion therapy is indicated in all patients with symptoms of
ischaemia of €12 hours duration and persistent ST-segment elevation.

A primary PCl strategy is recommended over fibrinolysis within

indicated time frames.

If primary PCl cannot be performed timely after STEMI diagnosis,
fibrinolytic therapy is recommended within 12 hours of symptom
onset in patients without contra-indications.

ESC, 2017




Recommendations

When fibrinolysis is the reperfusion strategy, it is recommended

to initiate this treatment as soon as possible after STEMI diagnosis,
preferably in the prehospital setting.

A fibrin-specific agent (i.e. tenecteplase, alteplase, reteplase) is
recommended.

A half-dose of tenecteplase should be considered in patients
275 years of age.

Antiplatelet co-therapy with fibrinolysis
Oral or i.v. aspirin is indicated.
Clopidogrel is indicated in addition to aspirin.

DAPT (in the form of aspirin plus a P2Y,, inhibitor) is indicated for

up to 1 year in patients undergoing fibrinolysis and subsequent PCI.

Class | Level

ESC, 2017




Recommendations
Anticoagulation co-therapy with fibrinolysis

Anticoagulation is recommended in patients treated with lytics until
revascularization (if performed) or for the duration of hospital stay up
to 8 days. The anticoagulant can be:

* Enoxaparini.v. followed by s.c. (preferred over UFH).
» UFH given as a weight-adjusted i.v. bolus followed by infusion.

« In patients treated with streptokinase: fondaparinux i.v. bolus
followed by an s.c. dose 24 hours later.

Transfer after fibrinolysis

Transfer to a PCl-capable centre following fibrinolysis is indicated in all
patients immediately after fibrinolysis.

ESC, 2017




Recommendations
Interventions following fibrinolysis

Emergency angiography and PCl if indicated is recommended in
patients with heart failure/shock.

Rescue PCl is indicated immediately when fibrinolysis has failed
(< 50% ST-segment resolution at 60-90 min) or at any time in the
presence of haemodynamic or electrical instability, or worsening
ischaemia.

Angiography and PCl of the IRA, if indicated, is recommended
between2 and 24 hours after successful fibrinolysis.

Emergency angiography and PCl if needed is indicated in the case of
recurrent ischaemia or evidence of reocclusion after initial successful
fibrinolysis.

ESC

, 2017




m Initial treatment Specific contra-indications

Doses of fibrinolytic therapy

Previous treatment with
streptokinase or

30 min (up to 50 mg)
er 60 min (up to 35 mg)

Si

gle i.v. bolus:
mg (6000 1U) if <60 kg
mg (7000 1U)
mg (8000 IU) if 70 to <8
000 IU) if 80 o <
f 290 kg

=}
on
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Aspirin
followed by a maintenance dose of 75-100 mg/day

Clopidogrel Loading dose of 300 mg orally, followed by a maintenance dose of 75 mg/day.

In patients =75 years of age: loading dose of 75 mg, followed by a maintenan

In patients w gardles 2 5.c. doses

24 hours.

60 IU/kg i.v. bolus with a maximum of 4000 IU followed by an i.v. infusion of 12 IU/kg with a
maximum of 1000 IU/hour for 2448 hours. Target aPTT: 50-70 s or 1.5 to 2.0 times that of
control to be monitored at 3, 6, 12 and 24 hours.

2.5 mg i.v. bolus followed by a s.c of 2.5 mg once daily up to B days

ESC, 2017




Absolute

Previous intracranial haemorrhage or stroke of unknown origin at
anytime

Ischaemic stroke in the preceding 6 months

Central nervous system damage or neoplasms or arteriovenous
malformation

Recent major trauma/
month)

Gastrointestinal bleeding within the past mo

Known bleeding disorder (excluding menses)

Aortic dissection

Non-compressible punctures in the past 24 hours (e.g. liver biopsy,
lumbar puncture)

Relative
nt ischaemic attack in the preceding 6 m
Oral anticoagulant therapy
-PI'OgI‘I.‘mC‘{ or within | week postpartum
Refractory hypertension (SBP >180 mmHg and/or DBP >110 mmHg)
Advanced liver disease
Infective endocarditis
Active peptic ulcer

Prolonged or traumatic resuscitation

ESC, 2017







Tudéembolia - etiolégia
* alsoé végtag mélyvénas trombozis

kismedencei vénak, v. cava inferior

fels6 végtagi

jobb pitvari/kamra

Paradox embolia septumdefektus esetén

labszar vénainak trombozisa

iatrogén eredet (centralis vénas és pulmonalis katéterek)




Increased RV afterload®
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Death
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Early mortality risk Indicators of risk

Haemaodynamic Clinical parameters RV dysfunction on Elevated cardiac
instabilicy® of PE severity and/ TTE or CTPA® troponin levels®
or comorbidicy:
PESI class 1=V or
sPESI 2|

High {-l-)d {-I-)

Intermediate—high +e +
Intermediate
Intermediate—low =+ One (or none) positive

Assesment optional;

Low if assessed, negative

Table 4 Definition of haemodynamic instability, which delineates acute high-risk pulmonary embolism (one of the
following clinical manifestations at presentation)

(1) Cardiac arrest (2) Obstructive shock®® 7°

(3) Persistent hypotension
Need for cardiopulmonary Systolic BP < 90 mmHg or vasopressors require Systolic BP < 90 mmHg or systolic BP drop >40
resuscitation to achieve a BP >90 mmHg despite adequate mmHg, lasting longer than 15 min and not caused by
filling status new-onset arrhythmia, hypovolaemia, or sepsis
And

End-organ hypoperfusion (altered mental status; cold,

cammy sxin; olugur a/anunia; increased serum lactate)

ESC, 2019




PATIENT WITH ACUTE PE

"

Anticoagulate

Distinguish low- from intermediate-risk PE®

CHECK @ and ©:

| @ CLINICAL SIGNS OF PE SEVERITY, © RV DYSFUNCTION
OR SERIOUS COMORBIDITY? ONTTE OR CTPA?®

Yes: > PESI Class lI-IV or sPESI =1¢
HIGH RISK*® > Alternatively: =1 Hestia criterion of PE
severity or comorbidity fulfilled?

Dor® present Neither @ nor © present:

\d

No other reasons for
Perform troponin test' | hospitalization?®
Family or social support?s
Easy access to medical care!
Troponin positive Troponin negative I

+ RV dysfunctio y
RV dysfunction - »| not true Yes, all true

Reperfusion Monitoring;
treatment consider rescue HOSPITALIZE EARLY DISCHARGE

reperfusion, HOME TREATMENT
if deterioration




- Fibrinolysis indikacio: magas kockazata pulmonalis embélia sokkal
vagy hypotensioval

- Minél hamarabb, de tiinetes esetben akar a 14. napig

- Hasznalhato szerek:
(Actilyse, Activase)
- Sztreptokinaz (Streptase)
- Urokinaz (Rheotromb, Abbokinase)




Class* Level”

Recommendations

Recommendations Class® Level®
Initiation of anticoagulation
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Molecule
rtPA

Streptokinase

Urokinase

Regimen
100 mgover 2 h

0.6 mg/kg over 15 min (maximum dose 50 mg)’

250 000 IU as a loading dose over 30 min, followed by

100 000 IU/h over 12—24 h

gimen: 1.5 million |U over 2 h
4400 IU/kg as a loadin
4400 IU/kg/h over 12

rated regimen: 3 million IU over 2 h

Contraindications to fibrinolysis

Absolute

History of haemorrhagic str of unknown o

Ischaemic stroke in previ
Central nervous system neoplasm

Major trauma, surgery, or head injury i

Active ble

Relative

Transient ischaemic attack in previous 6 months
Oral anticoagulation

Pregnancy or first post-partum week
Non-compressible puncture sites

Traumatic resuscitation

Refractory hypertension (systolic BP >180 mmHg)
Infective er ycaraitis

Active pepuc ulcer




AKUT ISCHAEMIAS STROKE (AIS)




Oligohaemic
area

Penumbra

prehospitalisan még biztonsaggal nem donthetd el a koreredet (ischaemia
vagy vérzes). Kizarolag intézményben elvégzett képalkoto diagnosztika
mutatja ki a veérzest, ami a definitiv terapiat alapvetden befolyasol;ja.

Az arra alkalmas betegek cllatasaban valodi siker az ""idéablakon'' beliil
megkezdett rekanalizacios kezeléssel érheto el.




aramlas

At

1 véra

Agy

+ 1h.

Penumbra

+ 3h.

Infarktkern

+ 12h.

+ 24h.




Iv. thrombolyis

« 3-4,5 oras idbablakkal Sterile watl

injection

* valamennyi tipusu (méret(l) érelzarédas esetén alkalmazhato

@) | Actilys

=/ | 50 mg

mechanikus thrombektomia

* agyi nagyérelzardédas esetén alkalmazhaté

e 6 oOras id6ablakkal

+ szelektalt betegcsoport esetén az idéablak kiterjeszthet6 (24 6raig)

A két modszer kombinacidja:

* lgazolt nagyérelzarddas esetéen kontraindikacié hianyaban el6zetes lysis, majd sikertelen
rekanalizacio esetén thrombectomia




- Szisztémas thrombolysis

- 3 oran beliil (4,5 orara
Kkiterjesztheto)

- Hasznalhato szer:

0,9 mg/kg 60
perc alatt (max. 90 mg),
amibol 10% az elsé 1
perchen

- 24 oran beliil kiegészito
terapia nem adhato

IV alteplase eligibility’

If within 3 hours of onset
* > 18 years of age
« Severe stroke
« Mild but disabling stroke
If 3-4.5 hours from onset,18-80 years of age,
without
= A history of both diabetes mellitus and prior
stroke
NIHSS score >25
Taking any OACs
Imaging evidence of ischemic injury involving
more than one third of the MCA territory
If BP can be lowered safely and
maintained < 185/110 mm Hg
With Blood glucose > 50 mg/dL
With mild to moderate early ischemic changes
on NCCT
With antiplatelet drug monotherapy or
combination therapy

With end stage renal disease with normal aPTT

Unclear time and/ or unwitnessed symptom onset
and in whom the time last known to be

at baseline state is >3 or 4.5 hours

Awoke with stroke with time last known to be

at baseline state >3 or 4.5 hours

CT reveals an acute intracranial hemorrhage

CT brain imaging exhibits extensive regions

of clear hypoattenuation

Prior ischemic stroke within 3 months

Recent severe head trauma within 3 months
Posttraumatic infarction that occurs during the
acute in-hospital phase

Intracranial/spinal surgery within the

prior 3 months

History of intracranial hemorrhage

Symptoms and signs most consistent

with an SAH

Structural GI malignancy

Gastrointestinal bleeding event within 21 days
Platelets <100 000/mm3

INR >1.7

aPTT >40s

PT>15s

Treatment dose of LMWH within the

previous 24 hours

Taking direct thrombin inhibitors or direct factor
Xa inhibitors appropriate coagulation activity
assays are normal or the patient has not received
a dose of these agents for >48 hours (assuming
normal renal metabolizing function)

Concurrent administration of antiplatelet agents
that inhibit the glycoprotein lib/llla receptor
outside a clinical trial

Symptoms consistent with infective endocarditis
Known or suspected to be associated with aortic
arch dissection

Intra-axial intracranial neoplasm




If within 3 hours of onset
* Mild non-disabling symptoms
If 3-4.5 hours from onset
80 years of age
Taking warfarin and with an INR <1.7
Both prior stroke and diabetes mellitus
Mild stroke
NIHSS > 25
Pre-existing disability (MRS = 2)
Pre-existing dementia
Moderate to severe ischemic stroke with early
improvement but remain moderately impaired
and potentially disabled
Seizure at the time of onset, if evidence
suggests that residual impairments are
secondary to stroke
Initial blood glucose levels <50 or >400 mg/dL

with persistent deficits after glucose control

Clinical history of potential bleeding diathesis or

coagulopathy

History of warfarin use and an INR <1.7 and/or
aPT<15s

Lumbar dural puncture in the preceding 7 days
Arterial puncture of a noncompressible blood
vessel in the 7 days

Recent major trauma (within 14 days) not
involving the head

Major surgery in the preceding 14 days
Genitourinary bleeding or gastrointestinal
bleeding within previous 21 days

Women who are menstruating and do not have

a history of menorrhagia

Women with recent or active history of
menorrhagia without clinically significant anemia
or hypotension

Recent or active vaginal bleeding causing
clinically significant anemia (after emergency
consultation with a gynecologist)

Extracranial cervical arterial dissection
Intracranial arterial dissection

Unruptured and unsecured intracranial aneurysm
Unruptured and untreated intracranial

vascular malformation

CMBs demonstrated on MRI (risk of ICH higher
is burden of CMBs >10)

Extra-axial intracranial neoplasm

Concurrent acute Mi

Ml in the past 3 months

Acute pericarditis

Major AIS likely to produce severe disability
and known left atrial or ventricular thrombus
Major AIS likely to produce severe disability
and cardiac myxoma or papillary fibroelastoma
AIS due to complications of cardiac or cerebral
angiographic procedures

Systemic malignancy and >6 month

life expectancy in the absence of other
contraindications

Pregnancy

Early postpartum period (<14 days after delivery)
History of diabetic hemorrhagic retinopathy

or other hemorrhagic ophthalmic conditions
Sickle cell disease

Illicit drug use

Stroke mimics




Procedures for Deep vein thrombosis

0 | ——Catheter

[+ Catheter A

| releasing 1/ |\ !
medication

‘| ‘7\ Balloon

Clot

Thrombolysis Angioplasty Inferior Vena
Cava Filter




Szisztémas thrombolysis altalaban nem javasolt: bar a thrombolyis hatékony,
de a vérzésveszéllyel szamolni kell kiillonosen a hosszu ideju lysis miatt (vesd
ossze: a MVT onmagaban nem veszélyezteti kozvetleniil az életet)

Indikacio: extenziv proximalis MVT — iliofemoralis vagy felso végtagi, 14 napon
beliil

Katéter vezérelt thrombolysis (CDT) vagy endovascularis ultrahanggal
gyorsitott thrombolysis javasolt

Szisztémas thrombolysis végezhet6 extenziv MVT-ban 14 napon beliil, jo
funkcionalis allapot, 1 évet meghalado tulélés, alacsony vérzéses riziko esetén,
ha CDT nem érheto el

Hasznalhato szerek:
Alteplaz: CDT infazié 0,5-1 mg/h 12-24 éran at (valtozé adagolasi modok)
Urokinaz: szisztémasan 4400 E/kg bolus, 4400 E/kg/h 1-3 napig, lokalisan
250000 E bolus, majd 500 E/kg/h, sz.e. 2000 E/kg/h-ig emelheto

Sztreptokinaz: 250000-E-belus;-majd-100000-E/h-1-3-napig
Reteplaz: (bar nem befogadott) CDT 1 E/h 18-36 oraig




- Katéter vezérelt thrombolysis (CDT), percutan mechanikus thrombus
extractio thrombolyissel vagy anelkiil, mitéti thrombectomia, bypass

- Végtagot/életet akutan veszélyezteto allapotban embolectomiat kell
végezni, nem lysist

- Végtagot/életet akutan nem veszélyezteto 14 napon beliili artérias
thrombosis esetén

- Hasznalhato szerek:
- Alteplaz
- Urokinaz
- Reteplaz
- Tenekteplaz

- Sztreptokinaz




- Hasznalhato szer:

- Urokinaz

- Sztreptokinaz
- Reteplaz

- Tenekteplaz
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