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KARIM 1.LF UK a VFN v Praze

Predsedajici sekci:

@ UVOD DO ANESTEZIE - VEDA NEBO RUTINA?

® PORODNICKA ANESTEZIE A ANALGEZIE - CO SE V UCEBNICICH ZATiM NEPISE
® PODEKOVANI SPONZORUM

® Setkani s primari

Prednasejici prezentaci:

® Proc to déla nékdo jinak, kdyz ja to délam nejlip?

@ Doporuceni pro PBM

@ Stale plati, ze na porodnici vzdy RSI...?

@® Funkce a rozdily mezi jednotlivymi nizkomolekularnimi hepariny
® MJj nejhorsi pripad

@® Za hranou hemostazy

Par slov o prednasejicim:
KARIM 1.LF UK a VFEN v Praze
prednosta

porodnicky anesteziolog}laicky hematolog '
pokladnik CSARIM, védecky sekretar CSTH, clen vyboru €SIM

optimista, entuziasta, racionalni snilek a prokrastinator

nadseny cyklista, vysokohorsky nadSenec a orientacni bézec
zakladatel ZDrSEM a instruktor Outward Bound na odpocinku

Q ZENIT - Anestezie/perioperaéni medicina £ 09.10.2025 08:30 - 10:15

Q ZENIT - Anestezie/perioperaéni medicina {8 10.10.2025 10:15 - 11:45

Q zODIAK - workshop {1 09.10.2025 16:30 - 17:30

Q zODIAK - workshop £ 10.10.2025 16:30 - 17:30

o ZENIT - Anestezie/perioperacni medicina
o ZENIT - Anestezie/perioperacni medicina
o ZENIT - Anestezie/perioperacni medicina

Q@ TYCHO & KEPLER - Intenzivni péce
o ZENIT - Anestezie/perioperacni medicina

Q@ NADIR - Intenzivni péce

{3 09.10.2025 08:30
{3 10.10.2025 08:51
3 10.10.2025 10:57
{3 10.10.2025 13:17
{3 11.10.2025 11:29

3 09.10.2025 14:58
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Nemam konflikt zajma
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HISTORY OF HEPARIN
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1916 1918
Jay McLean, medical student at Johns William H. Howell, researcher 1936
Hopkins University in Baltimore (USA), at the same university, coined
isolated in vitro an extract of canine the term “Heparin” to describe
liver with anticoagulant properties. the anticoagulant substance.
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1937
Gordon Murray (USA) carrisd out the first 1937 1953
clinical trials on humans, to determine the Chargaff and Olson (USA) Langdell, Wagner and Brinkhous create
dose-of heparin needed to prevent thrombosis demonstrate the role of protamine a test that allows for the monitorization
uuuuuuuuuuuu as a heparin antidote, necessary to of heparin activity and dosing
reduce the risk of hemorrhage.

Charles Best (USA) uses heparin
to prevent clotting during
blood transfusions; a very useful
technique during the World wWar II.
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1970
Sharnoff and DeBlasio use heparin to
prevent venous thromboembolism
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1960 1960
In France, Barrit and Jordan carry out In the 1960s, in France, the
the first randomized study on heparin synthesis of low-molecular-weight
and its use in the treatment of venous heparins began (LMWH)
thromboembolism (VTE)
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1980 1982
In the 1980s, the first Kakkar is the first to use
low-molecular-weight heparins low-molecular-weight heparin (LMWH)
are launched (Sanofi, Leo, Pfizer) for the prevention of vascular
thromboembolic diseases
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DISCOVERY MAY AID |
ARTERIAL SURGERY

Efforts to perfect a recently '.dif-
covered substance which prevents
blood-clotting after arterial opera-
tipns, are nearing success at Univer-
sity of Toronto, Dr. D. A. Scotl,
senlor ‘research chemist in the Con-
naught Laboratories, {old The Star
yesterday.

. First obtained from the liver this
substance, called heparin, can now
be obtained from the beef lung®in
much greater quantities, but its
chemieal constituents aye still un-
known. Dr. Scott said. The new
substance has. been - clinically
applied, but is-§till in the experi-
mental stage, he stated.

B Low Molecular Weight Heparin
B Ultra-Low Molecular Heparin
Unfractionated Heparin

Global Heparin Market

Size, by Product, 2022-2032 (USD Billion)
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Advances in Anticoagulation

1998
First commercially

available direct (ant'i; g_oot1
940s thrombin (DTI irs
ll-le arin commercially
c rFt,\m rciall 1993 available
- il tﬁ g First commercially synthetic factor
. available LMWH Xa inhibitor

INJECTABLE AGENTS

1940 1950 1960 1970 1980 1990 2000 2010

= '
"

g

1954 2009

Warfarin First oral

commercially direct

available anti-Xa
2010
First oral
direct

Figure 1 Historical progression in the advances in anticoagulation. anti-lla

Mousa. Cardiovascular Therapeutics 30 (2012) 255-256
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JAKE LMWH POUZIVATE NEJCASTEJI?

1) Clexane

2) Inhixa

3) Fraxiparine

4) Fragmin

5) Zibor

6) jiny

7) Co je to LMWH?
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POUZIVATE HO NEJCASTEJI PROTOZE

1) je nejlepsi a vim Cim se lisi od ostatnich
2) je nejlevngjsi

3) je to volba pracoviste

4) je sympaticka firemni zastupkynée

5) nevim, prosté ho mame
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VITE, JAKA KONKRETNI UCINNA LATKA JE
OBSAZENA V JEDNOTLIVYCH “ZNACKACH"?

1) Ano
2) U toho co pouzivam ano, jinak ne

3) Ne

xxxl.
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ChatGPT 5 v T, Share

Kdyz se da dohromady ucinnost a bezpecénost, ktery
LMWH lIze povazovat za nejlepsi?

Skveéela otazka — a zaroven trochu zaludna &

Pokud shrneme ucinnost (prevence trombadzy, anti-Xa aktivita) a bezpecnost (krvaceni,
HIT, bioekvivalence) napri¢ dostupnymi nizkomolekularnimi hepariny (LMWH), vysledky
systematickych prehledu a srovnavacich studii ukazuji urcité trendy, i kdyzZ jednozna¢ného
.hejlepsiho” LMWH zatim nelze vyhlasit, protoze primé head-to-head RCT mezi vsemi

pripravky prakticky neexistuji.

)
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ChatGPT 5 v T, Share

¢ Shrnuti:

N W

¢ Bemiparin = nejselektivnéjsi, nejnizsi riziko krvaceni, ale méné dat

¢ Nadroparin = nejlepsi kombinace uéinnosti a bezpeénosti

¢ Enoxaparin = standard s nejvice zkusenostmi, ale o néco vyssi riziko krvaceni
¢ Dalteparin = méné selektivni, vétsi riziko krvaceni

Zaver (prakticky):

Pokud hodnotime celkovy pomér pfinosu a rizika,
nadroparin je v soucasnosti nejlépe vyvazeny LMWH — tedy ,nejlepsi” z hlediska
kombinace ucinnosti a bezpecnosti.

)
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ChatGPT 5 v

ChatGPT 5 ™

3. Jak se cena proméni ve ,,vyhodnost"

predstavme si hypotetickou situaci:

gkore GENNOST Odhadovana cena

LMWH pezpecnost (relative) vyhoda / nevyhg

Nadroparin vysoké (nejlepsi vy$si cena / méné miize klesnout |
kompromis) objemovgrch pbalent prémii

Berniparin velmi dobré {nizke riziko) pravdépodobné vyssi velmi dobry.

cena, mensi objemy

Ufinnost_ 7

Enoxaparin stfedné vysoké cenové relativné Znamy, ¢asto volb

rozumny pomer dostupng

Dalteparin prﬁmérné/slabéi (nejasna cena) meneé Vv

pokud bychom dali cené stejnou vahu jako ﬂéinnosti-bezpeénosti (vahy 0.5/ 0,
enoxaparin - diky svému rozumnému cenovému nastaveni @ &iroké dostupnoj

pokud nadroparin ma vyrazné vyssi cenu.

|
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Thrombosis Research 100 (2000) V121-V130

VESSELS ARTICLE
For the Initial Treatment of

Venous Thromboembolism: Are All
Low-molecular-weight Heparin Compounds the Same?

Jeroen F. van der Heijden', Martin H. Prins®* and Harry R. Biiller’
'Laboratory for Experimental Internal Medicine, “Department of Clinical Epidemiology
and Biostatistics, and "Department of Vascular Medicine, Academic Medical Center, Amsterdam, Netherlands.
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Low-Molecular-Weight Heparins Are Essentially the Same
for Treatment and Prevention of Venous Thromboembolism

Larry M. Lopez, Pharm.D., FCCP (Pharmacotherapy 2001:21(6 Pt 2):565—61S)

The pharmacodynamic properties of low-molecular-weight heparins differ.
Data from randomized clinical trials show that despite these differences, the
agents have similar efficacy and safety profiles in preventing and treating new
and recurrent venous thromboembolism in patients who underwent general
surgery or total hip or knee replacement. Dalteparin, enoxaparin, or
tinzaparin, when administered at the dosages used in the reviewed clinical
trials, are essentially indistinguishable.

0L

Cardiovascular: Original articles

Comparison of the efficacy and safety of low molecular weight
heparins for venous thromboembolism prophylaxis in
medically ill patients

Christopher Dooley, Rajbir Kaur & Diana M. Sobieraj &
Pages 367-380 | Accepted 21 Aug 2013, Accepted author version posted online: 23 Aug 2013, Published online: 19 Nov 2013

Conclusions:

Enoxaparin, dalteparin, nadroparin and certoparin are similar in relative efficacy for the prevention of
mortality and VTE and in the odds of major or minor bleeding while enoxaparin, nadroparin and
certoparin are similar in relative efficacy for the prevention of PE and DVT in hospitalized medical patients.

CMRO Current Medical Research & Opinion  Volume 30, Number 3 March 2014

Nadroparin vs. enoxaparin —_— 1.29 (0.35, 5.83)
Dalteparin vs. enoxaparin R e 0.61 (0.10, 3.64)
Certoparin vs. enoxaparin R 0.79 (0.15, 4.76)
UFH vs. enoxaparin | 1.37 (0.67, 3.21)
Fondaparinux vs. enoxaparin —_— 0.63 (0.09, 3.98)
Placebo vs. enoxaparin e 1.20 (0.39, 3.52)
Dalteparin vs. nadroparin _— 0.48 (0.06, 2.87)
Certoparin vs. nadroparin _— 0.61(0.08, 4.69)
UFH vs. nadroparin _— 1.06 (0.26, 4.07)
Fonadaparinux vs. nadroparin —_— 0.49 (0.06, 3.04)
Placebo vs. nadroparin . — 0.93 (0.22, 2.93)

Certoparin vs. dalteparin 1.32 (0.12, 17.58)

UFH vs. dalteparin e S —— 2.24 (0.36, 16.92)
Fondaparinux vs. dalteparin 1.04 (0.12, 8.67)
Placebo vs. dalteparin —_—t 1.97 (0.46, 8.59)
UFH vs. certoparin —_— 1.72 (0.37, 8.18)
Fondaparinux vs. certoparin 0.79 (0.06, 9.07)
Placebo vs. certoparin S e —— 1.51(0.19, 10.41)
Fondaparinux vs. UFH _— 0.47 (0.06, 2.97)
Placebo vs. UFH —_—.— 0.87 (0.23, 2.80)
Placebo vs. fondaparinux —_—t 1.89 (0.42, 8.86)
r T T T T T T 1
0.01 0102 05 1 2 5 10 100
OR (95% Crl)
Figure 4. Mixed-treatment comparison results for venous thromboembolism.
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Calciumis necessary
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Thrombin and Calcium
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Swanepoel et al. Inflammation (2015)
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LMWH and its derivatives represent
Mechanism of Action of Heparin and Its Related Drugs .
new rational for cancer therapy:

construction strategies and

Unfractionated Low molecular-weight heparin

heparin (e.g. dalteparin, enoxaparin) Fondaparinux CO mbi nation thera py

v

Antithrombin 4

Shi Du, Yao Yu, Cheng Xu, Hui Xiong, Shan Yang, Jing Yao A=

4 { (a) 1) Conjugate of LMWH-high sulfation moiety (iii)
m ' l l (e.9.. LMWH-Suramin)
I |' Compete with LMWH for binding site ; Seadssinily
l , l 3
Conjugate of LMWH-hydrophobic moiety
Thrombin Factor Xa l l l l I l l (e.g., LMWH-sodium taurocholate)  Core-shell micelles
. ‘ . . ‘ ‘ (positively charged domain)
l l (i) Conjugate of LMWH-high sulfation moiety (iv)
— (e.g., LMWH-sodium taurocholate)
Coagulation cascade Inhibition of thrombin, Xa Inhibition of factor Xa Inhibition of factor Xa udeaiti]
Protamine Polyelectrolyte complex
. . - . . N '_Newhhdtngslle i
Formation of blood clots L» Anticoagulation & prevention of thrombosis et tte_ | (positively charged domain)
4 - - S em
(b)
& L6 [
IL-6R { \ / \
Tanguay (2022).
guay ( ) .. IL-6/IL-6R
Research and practice in
thrombosis and haemostasis, 6(5), €12773
IL-6/IL-6Ra/gp130
cell membrane signaling complex
Immunotherapy
cytoplasm D
Targeting moieties
Inflammation- - (o=, e
related gene ﬁ
expression
Antiembolism
FIGURE 2 Drug Discovery Today
Mechanism of LMWH in blocking pro-inflammatory signaling pathways. LMWH binds to interleukin-6 (IL-6), interferon-y (IFN-y), and the IL-6me T
Zhang et al 2025. 6 receptor (IL-6R) complex, thereby competitively inhibiting their interaction with cell surface receptors (glycoprotein 130 gp130] and IFN-y receptor).
Front. Pharmacol. 16:1585762 This blockade prevents the activation of downstream intracellular signaling cascades, such as the JAK/STAT pathway, ultimately suppressing Du. Drug Discovery Today Volume 24' Number 10 October 2019
inflammatory responses.
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Unfractionated
heparin

il

Pentasaccharide\A

sequence

ntithrombin

y, Factor Xa

Low-molecular-
weight heparin

Pentasaccharide
sequence

l‘ Factor Xa m
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tzv. neprimé trombinove inhibitory
vyznamne inhibuji faktor Xa

fragmenty heparinu s molekulovou hmotnosti <5000 Da
daltonl a obsahuijici specifické vazebné
pentasacharidové sekvence k AT, vyznamné neovliviuji
thrombin

aktivita LMWH k antitrombinu je 4x vyssi, nez je aktivita
UFH

Laboratorni kontrola pomoci antiXa se doporucuje u
nemocnych s renalni insuficienci, protoze LMWH se vylucuje
ledvinami, dale u gravidnich, vzhledem k ménici se
hmotnosti béhem gravidity a u obéznich

Unfractionated
heparin

/ Pentasaccharide\A

sequence

ntlthrombin

Factor Xa
—————)
o Thrombin

\ Low-molecular-

welght heparin

Pentasaccharide
sequence

‘ l‘ Factor Xa “
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Unfractionated Factor Xa
heparin >
Vyroba nizkomolekularnich heparini muze byt: ¥

a) alkoholovou precipitaci, frakcionaci a depolymerizaci / Pe"‘asacc"a“de\‘

sequence

Thrombln m
b) enzymatickou depolymerizaci s heparinazou O
ntithrombin

c) peroxidativni depolymerizaci nasledovanou alkoholovou extrakci

weight heparin

Factor X
Pentasacchande ol
sequence
Pomér
aktivity

d) isoamynitritovou depolymerizaci (-\ Low-molecular-

e) depolymerizaci s kyselinou dusicnou a gelovou fitraci

bemiparin Zibor 3600 9.7 Nadroparin ~ 3-4 Rendlni
nadroparin Fraxiparine 4300 3.3 Enoxaparin 4—5 Renilni
enoxaparin Clexane 4500 3.9

dalteparin Fragmin 6000 2.5 Dalteparin 3-5 Smisena

VSEOBECNA FAKULTNI | AT 1 Likakend
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LZE JEDNOTLIVE LMWH ZAMENOVAT?

1) Ano, celkem volné
2) U toho co pouzivam ano, jinak ne
3) Pouze vyjimecnée

4) Ne'!

XXXI. P
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Journal of Thrombosis and Haemostasis, 1: 12—13 2003

DEBATE

Low molecular weight heparins: are they interchangeable? No

G. G. NENCI

Division of Internal and Cardiovascular Medicine, Department of Internal Medicine, University of Perugia, Italy

Journal of Thrombosis and Haemostasis, 1: 10-11 2003

DEBATE

Low molecular weight heparins: are they interchangeable? Yes

P. PRANDONI
Department of Medical and Surgical Sciences, 2nd Chair of Internal Medicine, University of Padua Medical School, Padua, Italy

+
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= Neexistuje studie sledujici jejich zamenovani

= Farmakologické rozdily se nepromitaji do klinického ucinku

= RUzné LMWH ve studiich — konzistentni UcCinnost/bezpecnost

= Stejna klinicka tolerance

= Pouze 2 primeé RCT (enoxaparin vs tinzaparin/reviparin) — bez rozdilu

= Zaver: ,LMWH jsou zameénitelné pri davkach ze studii”

Journal of Thrombosis and Haemostasis, 1: 10-11 2003

DEBATE

Low molecular weight heparins: are they interchangeable? Yes

P. PRANDONI
Department of Medical and Surgical Sciences, 2nd Chair of Internal Medicine, University of Padua Medical School, Padua, Italy

)
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Journal of Thrombosis and Haemostasis, 1: 12—13 2003

DEBATE

Low molecular weight heparins: are they interchangeable? No

G. G. NENCI

Division of Internal and Cardiovascular Medicine, Department of Internal Medicine, University of Perugia, Italy

= LMWH nejsou ,ruzna generika”

= Vznikaji riznymi chemickymi nebo enzymatickymi procesy stépeni UFH
— jiné koncové retézce, ruzné sulfatace, rizna molekulova hmotnost
(3800-6500 Da)

= Lisi se anti-Xa/anti-lla pomérem (2,0-9,7)

= Farmakokinetika a biologicka dostupnost se lisi (vazba na plazmatické
proteiny, renalni clearance, aktivita na desticky atd.)

)
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Kde stoji dnesni praxe

= FDA & EMA: LMWH nejsou ,biosimilars”, terapeuticka zamena se nedoporucuje
= ACCP 2022: ,Jeden LMWH nelze zamenit za jiny bez klinického zdivodneéni. ”
= Davkovani a indikace nelze prenaset mezi pripravky

» Formulary-switch studie (enoxaparin < dalteparin): podobné vysledky, ale ne
randomizované

= Prakticky: drzet se té molekuly a davky, na kterou jsou postaveny dukazy

@ Pharmacological and Clinical Differences Among LMWH, 2010; FDA/EMA guidance; ACCP 2022
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anti-Xa : anti-lla

Charakter

Klinicky dopad

dalteparin ~2.2
nadroparin ~3.3
enoxaparin ~3.8
bemiparin ~9.7

0]
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Vyvazeny
Vyvazeny, predikovatelny

Vyssi selektivita

Extrémné selektivni

Stredni ucinek/safety
Ucinny, ale vice krvaceni v nékterych RCT

Vysoka ucinnost, ale klinicka data
omezena — ne vzdy nizsi krvaceni




LMWH LZE ANTAGONIZOVAT

1) Antidotem
2) PCC
3) Plasmou

4) Nelze
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Anticoagulation Drugs-Targets

Intrinsic system
(surface contact)

Extrinsic system
(tissue damage)

Tissue factor

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

VIII—>VIII?/

| Heparins-UFH/LMWH
Vitamin K anatgonists
Direct thrombin inhibitors

<>Factor Xa inhibitors

V—»Va

Fibrinogen

» Fibrin

Figure 7. Anticoagulant drugs: site of action.

Jay et al. Techniques in Regional Anesthesia and Pain Management, 2006;10(2):30-39

HEPARIN

= protamin sulfat /hydrochlorid

= specificky antagonista heparinu

1 ml =10 mg/ 1400 IU

LMWH * 60% ucinek
1 ml =10 mg /1000 IU
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NEJVETSI RIZIKO PRI PODANI LMWH JE

1) ze nebude dostatecne fungovat a vznik TEN
2) krvaceni

3) oboje

4) nic

5) néco jiného

XXXI. P
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Journal of Thrombosis and Hae

A randomized study comparing the efficacy and safety of
nadroparin 2850 1U (0.3 mL) vs. enoxaparin 4000 IU (40 mg) in
the prevention of venous thromboembolism after colorectal
surgery for cancer

is, 4: 1693-1700

G. SIMONNEAU,* S. LAPORTE,{ P. MISMETTI, A. DERLON, i K. SAMII,§ C.-M. SAMAMAY and

J.-F. BERGMAN** ON BEHALF OF THE FX140 STUDY INVESTIGATORS'

*Department of Pulmonary and Critical Medicine, Antoine Beclere University Hospital, Clamart; 1Clinical Pharmacology Department, Bellevue
University Hospital, Saint-Etienne; {Hematology Laboratory, Caen University Hospital, Caen; §Department of Anesthesiology and Intensive Care,
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Table 6 Bleeding events other than major bleeds and transfusion requirements

Nadroparin (n = 643) Enoxaparin (n = 628)

Minor bleeding (excluding anemia), n (%) 23 (3.6) 22 (3.5)
Anemia (excluding severe anemia), n (%) 23 (3.6) 36 (5.7)
Profuse per-operative bleeding, n (%) 43 (6.7) 67 (10.7)
Blood loss (mL), median (range) 300 (0-4000) 300 (0-13000)
Postoperative transfusions, n (%) 70 (10.9) 100 (16.0)
Postoperative transfusions (mL), median (range) 600 (280-2000) 750 (200-5250)

Total transfusions (mL), median (range)

700 (280-3600) 790 (0-9750)
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Fig. 2. Relative risks (RR) and 95% Cls of efficacy and safety criteria
comparing nadroparin 2850 IU and enoxaparin 4000 IU. Non-inferiority
is demonstrated if the upper limit of the CI of the RR of nadroparin vs.
enoxaparin on the primary efficacy endpoint (total venous thromboem-
bolism at day 12) is below 1.43. Regarding major bleeding and death,
nadroparin 2850 IU is safer (P < 0.05) than enoxaparin 4000 IU if the
upper limit of the CI of the RR of nadroparin vs. enoxaparin is less than 1.
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Pomér anti-Xa/anti-la Ovliviiuje typ ucinku (selektivita pro Xa), ale ne celkovou ,,silu“ antikoagulace

Celkova aktivita (IlU/mg) LMWH se lisi specifickou aktivitou = pfti stejné ddvce jiny farmakologicky ucinek.

Ddvkovaci reZim Studie pouzivaji rGzné davky, frekvence i na¢asovani. To vyznamné ovliviuje
ucinek i krvacivost.

Distribuce a eliminace Nandroparin ma relativné kratsi polocas a rychlejsi eliminaci, coz snizuje
akumulaci = mensi riziko krvaceni pfi profylaxi.

Reverzibilita a vazba na NizSi vazba nandroparinu na PF4 a plazmatické proteiny - mensi biologicka
plazmatické proteiny variabilita a mensi interference s trombocyty.

Klinicky kontext Yang et al. analyzovali predevsim starsi, interni, polymorbidni pacienty = u nich
je vyvhodnéjsi ,,mirnéjsi“ LMWH s predikovatelnou clearance nez extrémne
selektivni, ale silny preparat.
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