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Patofyziologie PE a uloha farmakoterapie

* Mechanismus hemodynamického kolapsu:

* Obstrukce plicniho rfecisté - zvyseni plicni cévni rezistence

e Akutni narast afterloadu pravé komory - dilatace PK, septalni shift, | plnéni LK,

J srdecniho vydeje
* Hypotenze, sSok, selhani PK

* Role vazokonstrikce a V/Q mismatch:

* Uvolnéni tromboxanu, serotoninu, endotelin( = plicni vazokonstrikce

* Zhorseni ventilacné—perfuzniho pomeéru - hypoxémie, hyperventilace

* Cile farmakoterapie:

e Antikoagulace: zabranit rustu trombu a novym

embolizacim

e Reperfuzni lécba (trombolyza): rychle snizeni
bstrukce plicniho cévniho recisté — snizeni

afterloadu PK
* Podptirna lécba: oxygenoterapie,

vazopresory/inotropika, lécba arytmii
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Selhani pravé komory — podpurna lécba

Tabulka 9 - Lécba selhani pravé komory u PE s vysokym rizikem

Strategie Vlastnosti a pouziti Upozornéni
Optimalizace volemie

Opatrné doplnéni volumu fyziologickym Zvazte u pacientl s normalnim nebo nizkym Doplnéni volumu muze vést k dalsi distenzi

nebo Ringerovym roztokem <500 ml za centralnim zilnim tlakem (napf. pro moznou PK, zhorseni plnéni LK a redukci srde¢niho
15-30 min konkomitantni hypovolemii). vydeje.
Vazopresory a inotropika
Noradrenalin, 0,2-1,0 ug/kg/min? Zvysuje inotropii PK a systémovy krevni tlak, Nadmeérna vazokonstrikce muze zhorsit
podporuje pozitivhi komorové interakce tkanovou perfuzi.
a obnovuje pozitivni gradient koronarni
perfuze.
Dobutamin, 2-20 pg/kg/min Zvysuje inotropii PK, snizuje plnici tlaky. Muze zhorsit arteridlni hypotenzi pfi

samostatném pouziti (bez vazopresora).
Muze zpUsobit nebo zhorsit arytmie.

Mechanicka obéhova podpora

VA ECMO/extrakorporalni podpora Rychla kratkodoba podpora obéhu Komplikace pfi dlouhodobém pouziti
kombinovana s oxygenatorem (> 5-10 dni) zahrnuji krvaceni a infekce;
pokud neni pouzita v kombinaci
s chirurgickou embolektomii, nema klinicky
piinos; vyzaduje zkuseny tym.

LK - leva komora srdecni; PK - prava komora srdecni; VA ECMO - venoarterialni extrakorporalni membranova oxygenace.
2 Adrenalin se pouziva pfi srdeCni zastave.

Rokyta R et al. Cor Vasa 2020; 62:154-182
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Akutni selhani pravé komory — podpurna lécba

* Akutni selhani PK s nizkym CO - hlavni pfi¢ina umrti u nemocnych s high-risk PE

 Optimalizace preloadu (tekutinova lécba)

* Prinizkém centrdlnim zilnim tlaku (CVP) Ize zkusit maly tekutinovy bolus < 500 mL - muze zvysit
srdecCni index

* Riziko: nadmerné zatizeni PK - dilatace PK, pokles srdec¢niho vydeje

* Agresivni volumoterapie neni prospésnd, muze zhorsit funkci PK - cilend volumoterapie jen pfi nizkém
TK a soucasné nizkych plnicich tlacich

 Hodnoceni volumového statusu (US, CVP) - pri znamkach vysokého CVP - dalsi tekutiny nepodavat

* Priznamkach objemového pretizeni a dysfunkce PK zvazit i.v. klickové diuretikum

McGuire WC et al. Chest. 2024 Dec;166(6):1532-545
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@ E S C European Heart Journal: Acute Cardiovascular Care (2022) 11, 2-9 ORIGINAL SCIENTIFIC PAPER
European Society doi:10.1093/ehjacc/zuab082 Thromboembolic diseases

Diuretika o

Diuretic vs. placebo in intermediate-risk acute

* jednorazovy bolus furosemidu (80 mg i.v.) u normotenznich pacientd s pulmonary embolism: a randomized
intermediate-risk PE (RV dysfunkce + sPESI >1)

clinical trial
* multicentricka, dvojité zaslepena RCT; n =276
* Primarni endpoint (24 h): absence oligoanurie + normalizace vSech
polozek sPESI (TF <110/min, TKs >100 mmHg, SpO, 290 % na vzduchu)
e primarni endpoint ¢astéji u furosemidu —51,5 % vs. 37,1 %, RR 1,30 100
(95% Cl 1,04-1,61; p = 0,021); oligoanurie 8,7 % vs. 41,5 % (p < —
0,001). —
P=0.45
» Vvétsi vzestup kreatininu (median +4 vs. =1 umol/L; p < 0,001), ale AKI >26 = 7
umol/L méné ¢asta (0,7 % vs. 8,3 %; p = 0,005); ,major adverse outcome” g
do 48 h vzacné a bez vyznamného rozdilu (0,8 % vs. 2,9 %; p = 0,19). § 050 ]
 podporuje koncept opatrné deplece volémie (vs. agresivni volumexpanze) %
pfi zndmkach pretizeni PK i
0.25
Intermediate-risk Pulmonary Embolism (N=276) Placebo
Furosemide
" SPESI>1 (one item)
+ /k > } + : gssfigsef:;ﬁ);pm' o 0 1I0 2I0 3I0 4I0 5I0 BIO 710 8[0 9I0

£ P = Arterial 02 <90% - _ o 50 5

Randomized Number at risk (events) ime Since Randomization (Days)
anaomize:

Placebo 137 (7) 120 (0) 120 (0) 110 (1) 58 (0) 34 (0) 22 (0) 13 (1) 10 (0) 8

Furosemide 134 (2) 127 (3) 121 (1) 109 (0) 49 (0) 26 (0) 13 (0) 11 (0) 6 (0) 4

Figure 2 Cumulative major adverse event-free survival. Shown is the cumulative incidence of freedom from a major adverse event (death, cardiac

Furosemide Placebo P arrest, mechanical ventilation, or catecholamine use) after 30 + 60 days of follow-up.
(N=135) (N=141)
Primary outcome 51.5% 37.1% 0.02
Major adverse outcome 0.8% 2.9% 0.19

Lim P et al. Eur Heart J Acute Cardiovasc Care 2022 Jan 12;11(1):2-9.
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Diuretika

TABLE 2 | Summary of Studies of IVF and Diuretic Use in Acute Pulmonary Embolism Sorted by Intervention and Then Comparator

Study

Model

Intervention

Comparison

Study Type

No.

Outcome

Lim et al®*

Ternacle et al®°

Schouver et al*°

Ferrari et al**

Ghignone et al*?

Mercat et al*®

Belenkie et al®?

Molloy et al*®

Human

Human

Human

Human

Canine

Human

Canine

Canine

Loop diuretic

Loop diuretic

Loop diuretic

Loop diuretic

IVF

IVF

IVF

Isoproterenol, IVF,

norepinephrine

Placebo

IVF

IVF

IVF

Norepinephrine

N/A

N/A

Placebo

RCT

Retrospective

RCT

RCT

Comparative

Uncontrolled, prospective,

exploratory

Uncontrolled, exploratory

Comparative

276

70

46

60

13

10

24

Loop diuretics decreased oligoanuria and
normalized more sPESI parameters than
placebo, but increased creatinine.

Loop diuretics decreased sPESI score, serum
creatinine, oxygen need, and systolic BP when
compared with IVF.

Loop diuretics decreased HR, improved TAPSE,
and normalized NT-proBNP and troponin
faster than IVF.

Loop diuretics normalized NT-proBNP faster, but
did not change troponin or RV dysfunction
when compared with IVF.

IVF increased RVEDP resulting in RV failure,
leading to decreased SV and MAP compared
with norepinephrine.

IVF increased RAP and RVEDV, leading to
increased cardiac index without increases in
RVEF or PVRI.

IVF increased RV chamber size leading to
leftward septal shift and decreased LVEDV and
LVSW.

Only dogs treated with norepinephrine survived
> 1 h and showed improved CO, MAP, PVR,
and PVR to SVR ratio.

CO = cardiac output; HR = heart rate; IVF = IV fluid; LVEDV = left ventricular end diastolic volume; LVSW = left ventricular stroke work; MAP = mean arterial pressure; N/A = not applicable; NT-proBNP = N-terminal
pro-brain natriuretic peptide; PVR = pulmonary vascular resistance; PVRI = pulmonary vascular resistance index; RAP = right atrial pressure; RCT = randomized controlled trial; RV = right ventricle; RVEDP = right
ventricular end diastolic pressure; RVEDV = right ventricular end diastolic volume; RVEF = right ventricular ejection fraction; sPESI = Simplified Pulmonary Embolism Severity Index; SV = stroke volume; SVR =
systemic vascular resistance; TAPSE = tricuspid annular plane systolic excursion.

* mensi studie/registry: u pacientl s PE a vyraznou dilataci PK vedla ¢asna diureticka lécba (i.v. furosemid) k rychlejSimu poklesu NT-proBNP, troponinu (bez

rozdilu v ,,hard” endpointech)

* uvhodné vybranych pacientl s PE a pretizenou PK mohou opatrna deplece volémie a diuretika podpofit ,, zotaveni PK“ — individualizovat podle
hemodynamiky a renalnich funkci

McGuire WC et al. Chest. 2024 Dec;166(6):1532-545
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Akutni selhani pravé komory — podpurna lécba

* Noradrenalin
* Preferovany prvni vazopresor u hemodynamicky nestabilni PE
e Zvysuje MAP i srdecni vydej, zlepSuje perfuzi myokardu; nezhorsuje vyrazné PVR

* Dobutamin
e Zvazovani u pacientu s PE, nizkym srdecnim indexem a normalnim TK

» ZvysSeni srde¢niho indexu mUze zhorsit V/Q mismatch (pfesmérnéni pritoku do nepostizenych oblasti,
ale i do castecne obstrukovanych cév)

* Vazopresin (a terlipresin)
* V systémové cirkulaci pusobi vazokonstrikci, v plicnim recisti muze byt spiSe vazodilatator
* Vhodny jako aditivni vazopresor

* Inodilatory (milrinon, levosimendan)

 V modelech PE zlepsuji coupling PK—PA (kontraktilita PK, elastance, compliance plicnice), ale periferni
vazodilatace muze zhorsit TK

e Zatim nedostatek klinickych dat; doporucena opatrnost a podani pouze pri zajisténé perfuzi (soucasny
vazopresor)

McGuire WC et al. Chest. 2024 Dec;166(6):1532-545

www.fnol.cz

v Olomouci



Antikoagulace

Zaklad akutni i dlouhodobé Iécby u vsech pacientu s PE

* U pacientu s vysokou nebo stredni klinickou pravdépodobnosti PE - doporuceno zahdjit antikoagulaci jesté
pred dokoncenim diagnostiky (CTA)

DOAC (apixaban, rivaroxaban, edoxaban, dabigatran)
e preferovana volba u vétSiny hemodynamicky stabilnich pacientl bez kontraindikaci

LMWH / fondaparinux:
* Onkologicti pacienti, téhotenstvi, eGFR <30 ml/min (s monitoraci), vyssi riziko interakci

UFH i.v.:
* High-risk PE (Sok), planovana trombolyza, chirurgickd embolektomie nebo CDT
* VWyhoda: kratky polocas, moznost rychlé titrace a vysazeni

www.fnol.cz

v Olomouci



Antikoagulace — efekt v case

e zastaveni dalsi propagace trombu a snizeni rizika rekurence — okamzity efekt
* meéritelna rezoluce trombu se obvykle rozbiha béhem dnii
* klinicky vyznamna radiologicka regrese je ¢asto patrna, do 2—4 tydnu

 vétsSina rezoluce probéhne do 3-6 mésicu

 Aghayev A et al. AJR Am J Roentgenol. 2013 Apr;200(4):791-797
e sériové CTA plic, kompletni vymizeni trombu za 14 dni asi u 56.7 % pacientu, za 15—-28 dni u 75 % a po >90 dnech u 97 %

Fig. 1.

C}gianges in measures of clot burden over time.

A and B, Graphs show mean percentage change in total clot volume (A), calculated as
[(baseline volume — follow-up volume) / baseline volume] x 100, and semiquantitative
Qanadli [5] and Mastora [6] scores (B).
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DOAC

I Contact Activation I
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New Targets FXII \\ ) e
a

Anti-TF-FVlla
Anti-FIXa
Anti-FXla
Anti-FXlla FIXa

Trial Intervention Control No. of Primary Result Primary Result
patients efficacy safety
randomized | end point end point
Rivaroxaban
EINSTEIN-PE” | 15 mg twice Enoxaparin and | 4,833 Symptomat- | Noninferior | Major or Similar
(acute PE daily for 3 wk, then weight-ad- ic recurrent CRNMB profile®
with or with- | 20 mg daily justed vitamin VTE
out DVT) thereafter K antagonist
Apixaban
AMPLIFY® 10 mg twice Enoxaparin and | 5,395 Recurrent Noninferior | Major or Apixaban
(acute VTE) | daily for 7 d, then warfarin symptomatic CRNMB superior
5 mg twice daily VTE or VTE-
thereafter related
death
CARAVAG- 10 mg twice Dalteparin 200 | 1,170 Recurrent Noninferior | Major Similar
Glo" daily for 7 d, IU/kg body VTE bleeding profile
(acute VTE in | 5mg twice daily weight once
cancer) thereafter daily for 1 mo,
followed by
1501U/kg once
daily
Dabigatran
RE-COVER' | Parenteral Parenteral anti- | 2,564 Recurrent, Noninferior | Bleeding Similar
(acute VTE) | heparins for 9 d, coagulation symptomat- events profile®
and then and then dose- ic, confirmed
dabigatran adjusted warfa- VTE or relat-
150 mg twice rin to reach INR ed deaths
daily 2-3
Edoxaban
HOKUSAI- Parenteral Heparin and 8,292 Symptomat- | Noninferior | Major or Edoxaban
VTE'? heparins for then warfarin ic recurrent CRNMB superior

(acute VTE)

3-5d and then
edoxaban 60 or
30 mg daily

VTE

TF Exposure /

’
P TF-FVlla
\ complex

FVila

Multitargets

] ¢

N
TF

Anti-FXa

Apixaban
Edoxaban
Fondaparinux
Rivaroxaban

P

Prothrombinase
complex

Multitargets

VKA
UFH
LMWH

In figure legend:

FIXa-FVllla complex = Tenase complex
FIXa-FVllla-FXa complex = Prothrombinase complex

V4
4
Ve
$ s FXa /
— ¥
— —
‘ Multitargets

Anti-Flla

Dabigatran
Bilvalirudin

Argatroban

4

Flla VKA
UFH
l LMWH
CLOTTING

Del Toro Mijares R et al. Int J Angiol. 2024 Mar 12;33(2):95-100
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Non-vitamin K oral anticoagulants in patients with pulmonary
embolism: a systematic review and meta-analysis of the literature

Francesco Dentali' - Matteo Nicola Dario Di Minno? + Monica Gianni®
Pasquale Ambrosino® + Alessandro Squizzato' -+ Walter Ageno’

NOACs VKA _ Risk Ratio o Risk Ratio NOACs VKA Risk Ratio Risk Ratio
f‘:":yp‘g Suhgroup  Events Total Events Total Weight M-H, Random, 95% Cl Year M-H, Random, 95% CI Study or Subgroup  Events Total Events Total Weight M-H, Random,95% Cl Year M-H, Random, 95% Cl
e 4.2.1PE
EINSTEIN-PE 50 2419 44 2413 131% 1.13[0.76,1.69] 2012 1T EINSTEIN-PE 26 2412 53 2405 14.9% 0.50[0.31,0.80] 2012 —_—
HOKUSAI 47 1650 65 1669 155% 0.73[0.51,1.08] 2013 i § AMPLIEY 4 928 25 902  $.2% 0.16[0.05,0.45] 2013 ————
AMPLIFY 21 900 23 886 6.2% 0.90(0.50,1.61] 2013 T HOKUSAI 166 1650 187 1669 20.9% 0.90(0.74,1.09] 2013 -
RECOVER-1&II 23 795 25 807 6.8% 0.93[0.53,1.63] 2014 —a— RECOVER-1&ll 4 759 B8 768 51% 0.51[0.15,1.67] 2014 =
Subtotal (95% CI) 5764 5775 41.6% 0.90[0.72, 1.13] < Subtotal (95% CI) 5749 5744 A7.1% 0.49 [0.26, 0.95] i
Total events 141 157 Total events 200 272
Heterogeneity: Tau®= 0.00; Chi*= 2.50, df= 3 (P = 0.48), F= 0% Heterogeneity: Tau®=0.31; Chi*= 15.26, df= 3 (P = 0.002); I*= 80%
Test for overall effect. Z=0.91 (P=0.37) Test for overall effect: Z=2.12 (P=0.03)
4.1.2DVT 4.2.2DVT
EINSTEIN-DVT 36 1731 51 1718 11.9% 0.70[0.46,1.07] 2010 —— EINSTEIN-DVT 14 1718 20 1711 10.8% 0.70[0.35,1.38] 2010 —
HOKUSAI 83 2468 81 2453 233% 1.02[0.75,1.38] 2013 — HOKUSAI 83 2468 81 2453 18.8% 1.02[0.75,1.38] 2013 -+
AMPLIFY 38 1698 47 1736 11.8% 0.83[0.54,1.26] 2013 — . AMPLIFY 1 1738 24 1773 10.3% 0.4710.23,0.85] 2013 .
RECOVER-I&II 45 1758 37 1747 11.4% 1.21[0.79,1.86] 2014 > RECOVER-&II 20 1697 32 1694 13.1% 0.62[0.36,1.09] 2014 e |
Subtotal (95% CI) 7655 7654 58.4% 0.93 [0.75, 1.16] E-3 Subtotal (95% CI) 7621 7631 52.9% 0.74 [0.51, 1.06] L 2
Total events 202 216 lolatevams o - 1AE L -
Heterogeneity: Tau*= 0.01; Chi*= 3.81, df= 3 (P = 0.28); F=21% pesragenety Talr 0 fo Wik =S andl= o D AT 10 %
Test for overall effect: Z= 0.65 (P = 0.52) Tastior overall Sigct 2= 1 66 ¢ = 1:10)
Total (95% Cl) 13419 13429 100.0% 0.92 [0.80, 1.07] . Total (95% C1) 13370 13375 100.0% 0.64 [0.47, 0.86] E =
Total events 343 373 olal SvEn 328 429
ik 2 — . 2= = - R = = : I :
Heterogeneity: Tau®= 0.00; Chi*= 6.37, df= 7 (P = 0.50); F= 0% % = = = Fieisfogenisiy: TalF -0 11 0y = 2090 9 LT = DI0D € 515 005 0.2 5 20
Testfor overall effect Z=1.11 (P = 0.27) Gl 03 5 20 Test for overall effect. Z= 2.88 (P = 0.004) Favors NOACS Favors VKA
Z=1. =0. Favors NOACs Favors VKA Test for sub diff :Chi*=1.10.df=1 (P=0.29),F=9.2%
Test for subaroup differences: Chi*= 0.04, df= 1 (P = 0.84), F= 0% st sl et il : J
Fig. 2 Forest plot of the primary safety outcome (composite of major (VKA). HOKUSAI included major and non-major clinically relevant

Fig. 1 Forest plot of the primary efficacy outcome (recurrent VTE or death related to VTE) in patients receiving non-vitamin K oral

> Lo . or clinically relevant non-major bleeding) in patients receiving non- bleedings as primary safety outcome. EINSTEIN-DVT also included
anticoagulants (NOACs) or vitamin K antagonists (VKA)

vitamin K oral anticoagulants (NOACs) or vitamin K antagonists 23 PE (12 in the NOAC group and 11 in the VKA group)

* 6 randomizovanych studii, celkem 27 023 pacientti s VTE, analyzovani zvlast PE vs. DVT

e U pacientU s PE pri srovnani DOAC vs. VKA:

V4

e Ucinnost (rekurentni VTE nebo VTE-related umrti): RR 0,90 (95% Cl 0,72-1,13)
* Velké krvaceni: RR 0,49 (95% CI 0,26—0,95)

* Ucinnost i bezpecnost DOAC vs. VKA je u PE obdobna jako u DVT, bez signifikantni heterogenity mezi skupinami Intern Emerg Med 2015 Jun;10(4):507-14.

Lékarska

fakult
(,FAKULTNINEMOCN.CE« @ skl www.fnol.cz
OLOMOUC Univerzita Palackého

v Olomouci



DOAC vs. warfarin — real-world meta-analyza (Alshahrani 2024)

25 observacnich studii VTE (DVT/PE)

 DOAC vs. warfarin — bézna klinicka praxe (USA, Evropa aj.)
 Rekurentni VTE: HR 0,76 (0,69-0,85)

* Velké krvaceni: HR 0,77 (0,72-0,83)

e CRNMB krvaceni: HR 0,82 (0,77-0,88)

e GIT krvaceni: HR 0,75 (0,68-0,83)

* Celkova mortalita: HR 0,96 (0,83—-1,10) — NS

* DOAC u VTE = lepSi pomér ucinnost/bezpecnost

( ’FAKULTNI'NEMOCNICE" @
OLOMOUC

v Olomouci

American Journal of Cardiovascular Drugs (2024) 24:823-839
https://doi.org/10.1007/540256-024-00677-x

ORIGINAL RESEARCH ARTICLE )

Safety and Effectiveness of Direct Oral Anticoagulants Versus Warfarin
in Patients with Venous Thromboembolism using Real-World Data:
A Systematic Review and Meta-Analysis

Walaa A. Alshahrani’ - Razan S. Alshahrani? - Munirah A. Alkathiri? - Saeed M. Alay' - Abdulrahman M. Alabkka® -
Saleh A. Alaraj® - Majed S. Al Yami'*® - Waad A. Altayyar® - Osamah M. Alfayez’ - Manar S. Basoodan?-
Abdulaali R. AImutairi® - Omar A. Aimohammed?>#

18% and 25% red uction in clinically

23% reduction inthe risk 24% reduction inthe risk

= . el t -major bleedi d
of major bleeding of recurrent VTE events o

gastrointestinal bleeding, respectively

Warfarin Warfarin Warfarin

DOACs

Conclusion: This meta-analysis found that DOACs are associated with a significant reduction in

VTE recurrence in addition to the known favorable safety profile when compared to warfarin.
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DOAC — kdy nepouzivat?

Tehotenstvi a kojeni - dlouhodobé LMWH (DOAC kontraindikovany)

Tézké renalni selhani
* CrCl <15-30 mL/min (dle molekuly) nebo dialyza - preferovat VKA nebo LMWH
* Omezena data pro apixaban a rivaroxaban u HD

Tézka jaterni cirhdza (Child—Pugh C), aktivni jaterni onemocnéni s koagulopatii > VKA/LMWH,

Aktivni nador s vysokym rizikem GIT/GU krvaceni (gastrointestinalni, urotelialni, gynekologické tumory s postizenim sliznice,,
mozkové nadory) -> LMWH pred DOAC

 u ostatnich nddor( preference DOAC (apixaban/edoxaban/rivaroxaban) pfed LMWH (RCT HOKUSAI VTE Cancer, SELECT-D,
ADAM VTE, CARAVAGGIO)

Vyrazné lékové interakce se silnymi inhibitory/induktory P-gp/CYP3A4, kdy nelze ddvku DOAC bezpecné upravit (néktera
chemoterapie, antiepileptika, azolova antimykotika...) > LMWH nebo VKA

Antifosfolipidovy syndrom (APS)
Miceli G et al. J. Clin. Med. 2025, 14, 2914

www.fnol.cz
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DOAC - specifické situace

* Antifosfolipidovy syndrom (APS)

 RCT (TRAPS, Ordi-Ros) a meta-analyza: u triple-positive APS a u arteridlnich trombdz ma rivaroxaban vyssi riziko
arteridlnich prihod (zejména CMP) nez VKA

e V\étsSina guidelines (ESC, ISTH, ASH, BSH) nedoporucuje DOAC u APS, zvlast u triple-positive/arterialni formy

* EULAR pripousti mozné pouziti DOAC u vendzniho APS bez triple-pozitivity, pokud je VKA netolerovan nebo Spatné
kontrolovatelny

* Obezita
e QObezita vyznamné zvysuje riziko VTE; zaroven méni PK (vétsi Vd, clearance)

* Nové doporuceni ISTH: standardni davky DOAC (hlavné apixaban, rivaroxaban) jsou akceptovatelné i pfi BMI >40 kg/m?
nebo >120 kg, neni nutna rutinni Uprava davky.

 uBMI>50kg/m? nebo >150 kg zvazit TDM nebo prechod na VKA
e Apixaban/rivaroxaban maji nejstabilnéjsi PK - preference

Miceli G et al. J. Clin. Med. 2025, 14, 2914
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Délka antikoagulace

VSichni pacienti s PE: min. 3 meésice antikoagulace

PE provokovana jasnym reverzibilnim faktorem:

 Velka operace, trauma, imobilizace >3 dny, hormonalni [éCba
apod.

Obvykle 3 mésice, poté ukoncit (pfi nizkém riziku rekurence)

Neprovokovana PE nebo perzistujici rizikové faktory:

Trombofilie, obezita, muzské pohlavi, chronicka imobilita, HF,
CHOPN apod.

* Doporuceno prodlouzit IéCbu, ¢asto az neomezené, pokud
krvaciveé riziko neni vysoké

PE u aktivniho karcinomu, CTEPH, rekurentni VTE:

e  Prakticky vzdy indikace k dlouhodobé / dozZivotni
antikoagulaci

Individualni stratifikace rizika, preference pacienta

Tabulka 11 - Kategorizace rizikovych faktor( Zilniho tromboembolismu na zékladé rizika nasledné rekurence

Odhadované riziko
nasledné rekurence®

Kategorie rizikového faktoru prvni PE®

Piiklady®

Stedni (3-8 % za rok)

Prechodny nebo reverzibilni faktor spojeny s <
10nasobnym zvysenim rizika pro prvni pfihodu
VTE

Nemaligni perzistujici rizikovy faktor

Neidentifikovatelny rizikovy faktor

Maly chirurgicky vykon s celkovou anestezii < 30 min
Hospitalizace pro akutni onemocnéni v délce < 3 dny
Podéni estrogen( v |é¢bé/jako antikoncepce
Téhotenstvi nebo 3estinedéli

Upouténi na lizko mimo nemocnici v délce = 3 dny
pro akutni onemocnéni

Poranéni dolni koncetiny bez zlomeniny s imobilizaci
>3dny

Dlouhy let

Nespecificky stfevni zanét
Aktivni autoimunitni onemocnéni

Doporuéeni pro typ a délku antikoagulace po plicni embolii u pacient( bez nddorového onemocnéni

Doporuceni

U viech pacientt s PE je doporucena antikoagulace = 3 mésice.

Pacienti, u kterych je doporuéeno ukonéit antikoagulaci po 3 mésicich

U pacientt po prvni PE/VTE, kterd vznikla za pFitomnosti velkého prechodného/reverzibilniho rizikového faktoru, --

je doporuceno antikoagulaci po 3 mésicich ukoncit.

Pacienti, u kterych je doporuceno prodlouzeni antikoagulace na dobu delsi nez 3 mésice

Dlouhodoba antikoagulace je doporucena pfi rekurentni VTE (tj. alespor pfi jedné predchozi epizodé PE nebo
HZT), ktera nebyla vyvoldna velkym pfechodnym nebo reverzibilnim rizikovym faktorem.

Dlouhodobé antikoagulace VKA je doporuéena u pacient( s antifosfolipidovym syndromem.

Trida®  Uroven®

Pacienti, u kterych by mélo byt zvdZeno prodlouzeni antikoagulace na dobu del3i nez 3 mésice**

Antikoagulace prodlouzena na dobu neurcitou by méla byt zvéZzena u pacientt s prvni epizodou PE pfi absenci

rizikového faktoru.

Antikoagulace prodlouzena na dobu neuréitou by méla byt zvdZzena u pacientt s prvni epizodou PE s perzistujicim

rizikovym faktorem jinym nez antifosfolipidovym syndromem.

Antikoagulace prodlouzena na dobu neurcitou by méla byt zvéZzena u pacientt s prvni epizodou PE za pfitomnosti

malého prechodného nebo reverzibilniho rizikového faktoru.
Davkovani NOAC pfi prodlouZené antikoagulaci®

Pokud je rozhodnuto o prodlouzené antikoagulaci u pacienta po PE bez nadorového onemocnéni, méla by
po Sestimésicni terapeutické antikoagulaci byt zvaZzena redukovana davka apixabanu (2,5 mg 2x denné) nebo lla

rivaroxabanu (10 mg 1x denné).
Prodlouzena lé¢ba alternativnimi antitrombotiky

U pacientu, ktefi odmitaji nebo netoleruji jakoukoliv formu antikoagulace, mize byt zvaZena kyselina

acetylsalicylova nebo sulodexid k prodlouzené profylaxi VTE.

c
C

Rokyta R et al. Cor Vasa 2020; 62:154-182
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Prolongovana antitromboticka lécba

« DOAC
 AMPLIFY-EXT (apixaban 2,5 mg 2x vs. 5 mg 2x vs. placebo):
* Obé davky apixabanu vyznamné {, rekurentni VTE vs. Placebo
* Bez vyznamného 1 velkého krvaceni oproti placebu
e EINSTEIN-CHOICE (rivaroxaban 10 mg vs. 20 mg vs. ASA 100 mg):
e Obé davky rivaroxabanu vyrazné | rekurentni VTE oproti ASA
» Velké krvaceni bylo podobné ve vSech veétvich
e U pacientu s neprovokovanou PE a nizkym krvacivym rizikem preferovat snizené davky DOAC dlouhodobé
* U vysokého rizika rekurence (opakované VTE, tézka trombofilie) |ze zvazovat plnou davku dlouhodobé

 ASA
« WARFASA a ASPIRE:
* ASA 100 mg po ukonceni antikoagulace u neprovokované VTE
* ~30% relativni snizeni rekurence, bez velkého 1 velkého krvaceni

* Srovnani s DOAC: EINSTEIN-CHOICE: rivaroxaban (10/20 mg) byl vyrazné ucinnéjsi nez ASA v prevenci rekurence, bez
zdsadniho 1 velkého krvaceni

* ASA jako ,,second-best” varianta, pokud nelze dlouhodobé podavat antikoagulaci

www.fnol.cz
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Systemova trombolyza

* Terapie vysoce rizikové formy plicni embolie

* Rychlejsi snizeni plicni obstrukce, pokles PAP a PVR, regrese dilatace PK vs. samotny UFH

* Nejvétsi prinos pri podani do 48 h od zacatku symptomu, efekt mozny i pri symptomech 6-14
dni

e Selhani trombolyzy (trvajici instabilita + pretrvavajici dysfunkce PK po 36 h) cca 8 % high-risk PE

* Rizika krvaceni: ~10 % zavaznych krvaceni a ~1,7 % intracerebralniho krvaceni

Lékarska
, qu aaaaaaa
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Systémova trombolyza — rezim podani

Tabulka 10 - Trombolytika, rezimy podani a kontraindikace

Molekula Rezim podani Kontraindikace trombolyzy
rtPA 100 mg béhem 2 h Absolutni
0,6 mg/kg bdhem 15 min (maximélni davka 50 mg)? ;?:Egieeza cévni mozkové pirihody hemoragické nebo neznamé
Streptokindza 250 000 IU inicialné béhem 30 min, nasledné Ischemicka cévni mozkova pfihoda v pfedchozich Sesti mésicich
100 000 IU/h béhem 12-24 h Novotvar centralniho nervového systému
Zkréceny rezim: 1,5 mil. IU béhem 2 h Tézké trauma, operace nebo poranéni hlavy v predchozich tfech
- ' ydnech
Urokinaza 4 400 1U/kg inicidlné béhem 10 min, nasledné Hemﬂragické diatéza
Zkraceny rezim: 3 mil. lU b&hem 2 h Relativni

Tranzitorni ischemicka ataka v predchozich Sesti mésicich
Peroralni antikoagulacni lé¢ba

Téhotenstvi nebo prvni tyden po porodu

Nestlacitelna mista vpichu

Traumaticka resuscitace

Refrakterni hypertenze (systolicky TK > 180 mm Hg)
Pokrocilé jaterni onemocnéni

Infekéni endokarditida

Aktivni pepticky vied

Rokyta R et al. Cor Vasa 2020; 62:154-182
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Systémova trombolyza u high-risk PE

Streptokinase and Heparin versus Heparin Alone
in Massive Pulmonary Embolism: A Randomized

Controlled Trial

Carlos Jerjes-Sanchez,' Alicia
Ramirez-Rivera,? Maria de Lourdes
Garcia,' Roberto Arriaga-Nava,’

Salvador Valencia,’ Alfonso Rosado-Buzzo,'
Juan A. Pierzo,* and Emma Rosas’

{Emergency Care Department, *Respiratory Depariment,
‘Echocardiography Deparfment, and "Nuclear Medicine
Department, Hospital de Cardiologia, National Medical Center.
Mexico City, Mexico

Major
No. of Mortality, Recumrence haemorrhage,* n
Study Treatment regimens pafients n (%) n (%) (%) Comments
Jerjes-Sanchez STREPROKINAZA vs. 4 0 (0%) 0 2 (4,3%)
et al. HEPARIN 4 4 (100%) NA 0
Table 2. Characteristics of the deaths in the heparin group®
Last PE before Onset CS after
Age/Sex Onset PE arrival to KR arrival to ER Time of death
60/M 7 2 1 24
46/F 48 3 2 72
35/F 483 2 3 20
45/M 36 4 1 32
*Data are given in hours.
CS = cardiogenic shock; ER = emergency room; M = male; I = female; PE = pulmonary embolism.
J Thromb Thrombolysis. 1995;2(3):227-229.
LékaFska
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Systemova trombolyza - metanalyza

* >2000 pacientu

J, celkova mortalita (NNT = 59)
™ velké krvaceni (NNH = 18)

N intrakranidlni krvaceni (NNH =

78)

\0

pro obavy z krvaceni a
kontraindikace je trombolyza Casto
nepodana i kdyz je indikovana

FAKULTNI NEMOCNICE® @
OLOMOUC

Lékarska
fakulta

Univerzita Palackého
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Thrombolysis for Pulmonary Embolism and Risk of
All-Cause Mortality, Major Bleeding, and Intracranial

Hemorrhage
A Meta-analysis

Saurav Chatterjee, IVID1; Anasua Chakraborty, MDZ; Ido Weinberg, MD3 . etal

Table 2. Absolute Risk Metrics of Outcomes of Major Interest

Outcome of Interest
(No. of Studies Reporting)

No. of Events/No. of Patients, Absolute Event Rate (%)

Thrombolytic Group

Anticoagulant Group

No. Needed
to Treat or
Harm

P Value

All-cause mortality {(16)
Major bleeding (16)?
ICH (15)
Recurrent PE {15)
Age >6by
All-cause mortality (5)
Major hleeding (5)”
Age <65y
All-cause mortality (11)
Major bleeding (11)2
Intermediate-risk PE
All-cause mortality (8)
Major bleeding {8)®

23/1061 (2.17)
98/1061 (9.24)
15/1024 (1.46)
1271024 (1.17)

14/673 (2.08)
877673 (12.93)

9/388 (2.32)
11/388 (2.84)

12/866 (1.39)
67/866 (7.74)

41/1054 (3.89)
36/1054 (3.42)

2/1019 (0.19)
31/1019 (3.04)

247658 (3.65)
277658 (4.10)

17/396 (4.29)
9/396 (2.27)

26/889 (2.92)
20/889 (2.25)

NNT =59
NNH =18
NNH =78
NNT = 54

NNT = 64
NNH =11

NNT =51
NNH =176

NNT = 65
NNH =18

01
<.001

002

003

07
<.001

.09
.89

.03
<.001

Abbreviations: ICH, intracranial
hemorrhage; NNH, number needed
to harm; NNT, number needed to
treat; PE, pulmonary embolism.

2 Per individual trial criteria with ICH
also included for any trials that did
not prespecify this.

JAMA. 2014 Jun 18;311(23):2414-21.
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Trombolyza u stredne rizikové plicni embolie

e PEITHO trial (Normotenzni pacienti s dysfunkci PK + 4* troponin)
 Trombolyza (tenekteplaza) - vyrazné méné hemodynamickych dekompenzaci/kolapst
* soucasneé vyrazneé vice zavaznych extracerebralnich i intracerebralnich krvaceni
* 30denni mortalita nizka v obou skupinach

e Stredné rizikova PE (bez hypotenze)
e Trombolyza { kombinovany endpoint imrti + hemodynamicka dekompenzace,
e ale 1 velké krvaceni a ICH
« - Systémova trombolyza je rezervovana pro pacienty, kteri se zhorsuji navzdory antikoagulaci, nikoli rutinné pro vsechny

* Nizkodavkovana alteplaza (50 mg nebo 0,6 mg/kg)
 Meta-analyza 3 studii (261 pacientu):
@ velké krvaceni vs. standardni davka (OR 0,33; 95% Cl 0,12-0,91)
« podobna mortalita
* vs.samotny heparin: zlepseni pulmonalni perfuze a {, plicniho tlaku
e zatim nedostatek dlikazli pro rutinni doporuceni low-dose rezimu

ka
ol B www.fnol.cz
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Ocekavané klinické hodnoceni

TABLE 1 Select ongoing randomised controlled trials in pulmonary embolism (PE)

Study name Comparison Inclusion Estimated Primary outcomes Expected ClinicalTrials.gov
number completion identifier
date

HI-PEITHO [54] Ultrasound-facilitated CDT Intermediate-high-risk+additional 406 Composite: PE-related death, August 2026 NCT04790370
+anticoagulation versus clinical criteria of risk for death or cardiorespiratory collapse, non-fatal PE
anticoagulation alone haemodynamic collapse recurrence within 7 days

PE-TRACT [53] CBT (CDT or aspiration Intermediate-risk with main or lobar 500 Peak oxygen consumption at 3 months, January 2027 NCT05591118
thrombectomy)+anticoagulation PE and RV/LV ratio >1 NYHA class at 12 months, major bleeding
versus anticoagulation alone at 7 days

PEERLESS Il [51] Aspiration thrombectomy with Intermediate-risk with main or lobar 1200 Composite endpoint as win ratio: clinical July 2026 NCT06055920
FlowTriever system versus PE, RV dysfunction, additional deterioration (within 30 days or until
anticoagulation alone clinical risk factors discharge), hospital readmission, bailout

therapy, dyspnoea at 48 h

PEITHO-3 [46] Alteplase (reduced dose Intermediate-high-risk+either 650 Death from any cause, haemodynamic August 2027 NCT04430569
0.6 mg-kg‘1 maximum 50 mg) SBP <110, RR >20, history of decompensation, recurrent PE within
versus placebo heart failure 30 days

STORM-PE [52] Aspiration thrombectomy (Indigo Intermediate-high-risk PE with main 100 Change in RV/LV ratio at 48 h October 2026 NCT05684796
device)+anticoagulation versus or proximal lobar location

anticoagulation alone

CBT: catheter-based therapies; CDT: catheter-directed thrombolysis; NYHA: New York Heart Association; RV: right ventricle; LV: left ventricle; SBP: systolic blood pressure; RR: respiratory rate.
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Systémova trombolyza — limity a ocekavani

 Limity systémové trombolyzy
* nastup ucinku muze byt prilis pomaly - zvazit VA-ECMO jako upfront strategie u , katastrofické” PE
e selhani trombolyzy asi u 8 % high-risk PE = nutné zvazovat alternativni reperfuzi (katetr, chirurgie, ECMO)
* trombus muze obsahovat chronické slozky - c¢astecna rezistence vuci fibrinolyze

* Nezodpoveézené otazky a PEITHO-3
* infuzni vs. bolusova strategie
« alteplaza vs. tenekteplaza (tenekteplaza = vyssi fibrinova specificita, delsi polocas)
 PEITHO-3: =650 intermediarné-high-risk pacientt
0,6 mg/kg (max. 50 mg) altepldzy vs. systémovy heparin
 Primarni outcome: 30denni kompozit (smrt, hemodynamicky kolaps, rekurentni PE) + krvaceni

www.fnol.cz

v Olomouci



UFH vs. LMWH u kriticky nemocnych

Bioavailability of subcutaneous low-molecular-weight
heparin to patients on vasopressors

Janine Dorffler-Melly, MD 2€ - Evert de Jonge, MD P - Anne-Cornelie de Pont, MD ? - Joost Meijers, PhD @ -
Margreet B Vroom, MD © - Prof Harry R Biiller, MD @ - et al. Show more

Patlents not In ICU
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Concentrations of factor Xa activity after subcutaneous
injection of low molecular weight heparin (2850 IU)

Lancet. 2002 Mar 9;359(9309):849-50.
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UFH vs. LMWH

e s.c. LMWH ma u nékterych ICU pacientl nepredvidatelné vstrebavani (Sok, vazopresory, Spatna perfuze)

* i.v. UFH ma rychly nastup i ustup, Ize presné titrovat dle aPTT a plné revertovat protaminem

* Preference i.v. UFH:
e pacient je hemodynamicky nestabilni (Sok, vazopresory)
* jde o akutni PE v kritickém stavu (plan CDT, chirurgie)
* jevysoka pravdépodobnost urgentnich invazivnich vykonu
* je pritomno tezké nebo kolisajici renalni selhani

www.fnol.cz
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Katerové techniky (CBT — catheter-based therapy)

e Katetrova trombolyza (CDT)
* Lokalni infuze tPA (0.5-1 mg/h), 12-24 h

* EKOS (USAT) — nizsi davky a kratsi cas (OPTALYSE PE: 4-12 mg/2—6 h)

e Studie ULTIMA (95 pacientl): RV/LV ratio {, z 1.28 na 0.99 vs. bez zmény v kontrole (p < 0.001), bez
vetsiho krvaceni

 Mechanicka trombektomie (CDMT)
* Primé odsati trombu bez trombolyzy — napr. FlowTriever, Penumbra Lightning Flash system

* Vyhody: okamzita redukce tlaku v plicnici, vhodné pfi kontraindikaci fibrinolyzy

e Studie PEERLESS (2024-25): CDMT vs. CDT — nizsi klinik. deteriorace, méné pobytu na JIP, bez zvyseni
krvaceni

 (Ocekavané RCT vs. antikoagulace: PEERLESS Il (1200 pac., NCT06055920), PE-TRACT, HI-PEITHO —
vysledky 2026—-27
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High-risk PE & Intermediate-high-risk PE

* Volba strategie

e Vysoké riziko: systémova
trombolyza - CDMT pfi
kontraindikaci / nedspéchu

e Stredni riziko s progresi: CDT nebo
CDMT na zv. rozhodnuti PERT

* Nizkeé riziko: antikoagulace a
sledovani

Multidisciplinarni rozhodnuti - PERT

(Class lla, LoE C) je doporucené v ESC a
ESVM

Refractory shock
> Shock post attempted reperfusion
Impending/active cardiopulmonary arrest

Systemic anticoagulation

I

PERT consultation

!

Haemodynamic support

urgical
Bleedlng risk 'Abolectomy
{/

: Anticoagulation Surgical Catheter-based
d) Aspiration and embolectomy therapies
Systemic Catheter-directed thrombectomy monitoring
thrombolysis thrombolysis :

W

Patient factors
Available expertise
Thrombus location/composition

FIGURE 1 Proposed management of haemodynamically significant pulmonary embolism (PE). PERT: pulmonary embolism response team;
VA-ECMO: venoarterial extracorporeal membrane oxygenation. Created with BioRender.com.

Yutiditski E et al. Breathe 2025; 21: 240100
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Catheter-directed trombolysis

Table 2. Dose regimens of tissue plasminogen activator tested in
clinical trials of catheter-directed thrombolysis.

Dose regimens of tPA

Dose regimen of tPA implemented in the OPTALYSE PE trial®

Arm 1 4 mg per lung over 2 h
Arm 2 4 mg per lung over 4 h
Arm 3 6 mg per lung over 6 h
Arm 4 12 mg per lung over 6 h

Dose regimen of tPA implemented in the SEATTLE Il trial®®

Unilateral PE (1 catheter) 1 mg/h over 24 h
Bilateral PE (2 catheters) 1 mg/h per lung over 12 h

Dose regimen of tPA implemented in the HI-PEITHO trial®

Unilateral PE (1 catheter) 9 mg, 2 mg bolus followed by
1 mg/h infusion over 7 h

Bilateral PE (2 catheters) 18 mg, 2 mg bolus followed by
1 mg/h infusion over 7 h per lung

PE: pulmonary embolism; tPA: tissue plasminogen activator

FIGURE 2 Catheter-directed thrombolysis. Uni-Fuse infusion catheters positioned in the right pulmonary artery

(R PA) and left pulmonary artery (L PA).

‘ ’FAKULTNI'NEMOCNICE‘ v
OLOMOUC

Lékarska
fakulta

Univerzita Palackého
v Olomouci

www.fnol.cz



Zaver
* Plicni embolie je dynamické onemocnéni — klicova je casna identifikace rizikoého fenotypu

 Antikoagulace je zaklad 1écby vSech pacientu s PE — u vétsiny hemodynamicky stabilnich nemocnych preferujeme DOAC,

LMWH/VKA/UFH volime ve specifickych situacich

* U high-risk PE je indikovana systémova trombolyza, pri kontraindikaci nebo selhani zvazujeme katetralni Ci chirurgickou
reperfuzi a pripadné VA-ECMO; u intermediate-high risk je trombolyza vyhrazena pro pacienty se zhorSovanim navzdory

antikoagulaci.

 Podpurna lécba pravé komory je dulezitou soucasti farmakoterapie PE — vyvarovat se agresivni volumexpanze, pouzivat

noradrenalin jako prvni volbu vazopresoru, zvazovat opatrnou diuretickou depleci u pretizené PK.
 Délku antikoagulace individualizujeme podle rizika rekurence a krvaceni.

* Role PERT a katetralnich technik roste — umoznuji personalizovat reperfuzni strategii.
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