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Abstract

Here, we present a series of illustrated capsules from the State of the Art (SOA)
speakers at the 2024 International Society on Thrombosis and Haemostasis Congress
in Bangkok, Thailand. This year’s Congress marks the first time that the International
Society on Thrombosis and Haemostasis has held its flagship scientific meeting in
Southeast Asia and is the first to be organized by an international Planning Committee.
The Bangkok program will feature innovative science and clinical updates from around
the world, reflecting the diversity and multidisciplinary growth of our field. In these
illustrated SOA capsules, you will find an exploration of novel models of thrombosis and
bleeding and biomaterial discoveries that can trigger or block coagulation. Throm-
boinflammation is now understood to drive many disease states, and the SOA speakers
cover cellular and coagulation responses to COVID-19 and other infections. The theme
of crosstalk between coagulation and inflammation expands with capsules on protein S
signaling, complement, and fibrinolytic inhibitors. Novel agents for hemophilia and
thrombosis prevention are introduced. Challenging clinical conditions are also covered,
such as inherited platelet disorders and antiphospholipid antibody syndrome. The sci-
entific program in Bangkok will also showcase the work of clinicians and scientists from
all parts of the world and chronicle real-world challenges. For example, 2 SOA capsules
address the diagnosis and management of von Willebrand disease in low-income set-
tings. Take some time to browse through these short illustrated reviews; we're sure
that you'll be entertained, educated, and inspired to further explore the world of

thrombosis and hemostasis.
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TRANSFUSION THERAPY IN TRAUMA—-WHAT TO GIVE? EMPIRIC VS GUIDED

Nicola Curry

TRANSFUSION THERAPY IN TRAUMA - WHAT TO GIVE?
EMPIRIC vs. GUIDED

AIMS OF HAEMOSTATIC RESUSCITATION: TO PREVENT /
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TRAUMA HAEMORRHAGE AND ITS TREATMENT IS COMPLEX.

One size doesn't fit all - new approaches are required.

Uncontrolled bleeding is the commonest preventable cause of death after traumatic injury [1]. Hemostatic resuscitation forms the basis of
transfusion protocols and involves resuscitation with blood components, aiming to treat and/or prevent trauma-induced coagulopathy [2].
Strategies to optimize hemostatic resuscitation include empiric, ratio-based blood component therapy, commonly with red blood cells and fresh
frozen plasma in a ratio of 1:1, or guided therapy, using laboratory or viscoelastic hemostatic test results. There are benefits, and limitations, to
each of these 2 transfusion strategies, and neither approach has yet been shown to improve outcomes across all patient groups [3]. Questions
remain, and future directions for improving transfusion therapy are likely to require novel approaches that have the flexibility to evaluate het-
erogeneous trauma cohorts. Such approaches may include platform trials, which can also maximize real-time linkage of clinical and laboratory data
to both predict patients at greatest risk of bleeding and to direct and individualize transfusion therapies. RCT, randomized controlled trial.
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CHALLENGES WITH VWD MANAGEMENT IN LOWER-INCOME SETTINGS

Magdy El-Ekiaby
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Von Willebrand factor (VWF) function includes platelet adhesion, platelet agglutination, and factor (F)VIII protection with half-life extension.
Quantitative and qualitative defects of VWF lead to different von Willebrand disease (VWD) types and subtypes. Management of VWD includes
use of desmopressin (DDAVP) or VWF replacement, largely dependent on VWD type and subtype. Agn, antigen.
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INTERACTIONS OF PLATELET PROTEIN KINASE SIGNALING IN RESPONSE TO ITAM-LINKED
RECEPTORS

Kerstin Jurk
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The immunoreceptor tyrosine-based activation motif (ITAM)-linked receptors glycoprotein (GP) VI and GPlba (GPIb-V-IX) initiate crucial
platelet activation responses. GPVI (eg, collagen and convulxin) and GPlba (eg, von Willebrand factor [VWF] and echicetin beads) induce tyrosine
(Y) phosphorylation/activation of Src family kinases (SFK), ITAM of the Fc-receptor (FcR) y chain, spleen tyrosine kinase (Syk), Bruton’s tyrosine
kinase (Btk), linker adaptor for T cells (LAT) with SH domain-dependent recruitment of phospholipase (PL) Cy2, and then protein kinase C (PKC)-
dependent serine (S)/threonine (T) phosphorylation/activation of mitogen-activated protein kinase (MEK) 1/2, extracellular signal-regulated ki-
nase (ERK)1/2 and PKC-independent p38, myosin light chain kinase (MLCK, Ca?*-dependent), and protein kinase B (Akt, delayed). Phosphoi-
nositide 3-kinase (PI3K) converses phosphatidylinositol 4,5-bisphosphate (PIP2) to phosphatidylinositol (3,4,5)-trisphosphate (PIP3), which
recruits Btk, PLCy2, and Akt via their pleckstrin homology (PH) domains. Syk and Btk activation/activity is controlled by multisite phosphorylation.
SFK-dependent phosphorylation of Syk Y352 and Syk recruitment to ITAM combined with Y525/526 autophosphorylation results in full Syk
activation. SFK/Syk-mediated phosphorylation of Btk Y551 together with Btk recruitment to PIP3 and Y223 autophosphorylation permits full Btk
activation. PKC induces Syk S297 and Btk S180 phosphorylation, which is important inhibitory feedback, whereas Syk also inhibits SFK Pros-
taglandin 12 (PGI2)-stimulated protein kinase A (PKA) reduces PKC responses (eg, Syk $297 and Btk S180 phosphorylation). The protein
phosphatase (PP) 2A antagonizes Syk $297 but not Btk S180 phosphorylation. Both PKA and protein phosphatase 2A (PP2A) diminish Akt
activation, whereas PP2A antagonizes MEK, extracellular signal-regulated kinase (ERK), and p38 activation. SH2, src homology 2. This figure was

created with BioRender.com.
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NOVEL INSIGHTS INTO MECHANISMS OF CANCER-ASSOCIATED THROMBOSIS

Henri H. Versteeg

[ _ &S
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4
blood draw mass spec
plasma proteins
cancer patient with VTE tumor material RNA sequencing VTE risk prediction
and VTE etiology

Material (blood and/or tumor cells) is collected from cancer patients. Blood-derived plasma can be used to identify plasma proteins associated
with venous thromboembolism (VTE), and cancer cells may be interrogated for gene products that are associated with VTE. Finally, estimation
models may be made based on these proteins and gene products that predict the risk of VTE in a cancer patient. spec, spectrometry.
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TXA AS A MODULATOR OF INFLAMMATION

Charithani Keragala
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Injury results in the release of cytokines and inflammatory mediators including elements of the plasminogen-activating system. Plasminogen
and plasmin can attach to cell surfaces via plasminogen receptors mediating inflammatory and immune effects including leucocyte activation,
migration, inflammation, angiogenesis, and of course fibrinolysis. Many of these cell surface plasminogen receptors engage the lysine-binding sites
of plasminogen and plasmin via a C-terminal lysine. Tranexamic acid (TXA), a lysine analog, can prevent this lysine interaction with potential
modulation of inflammation and innate immune function as well as inhibiting fibrinolysis.
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PROTEIN S AND TAM SIGNALING IN HEALTH AND DISEASE

Tal Burstyn-Cohen

The anticoagulant Protein S as a multi-functional protein

Hemostasis Cellular signaling via
Blood coagulation TAM receptors
in various tissues

Central Nervous

Protein S

Anticoagulant System Biology
function )
“," o0 l‘i
o Irﬁmune cell Vascular and
aFI:,C, KI'I)III' C:E ¥ Regulation and Phagocytosis Bone Biology
B S50 Inflammation

The anticoagulant protein S (PROS1) emerges as a multifunctional protein with key homeostatic roles outside the coagulation cascade. As a
potent anticoagulant, PROS1 is a cofactor for activated protein C (aPC), deactivating coagulation factor (F)Va and FVIlla. PROS1 also directly
inactivates FVa, FVIlla, and FXa. In addition, by binding c4BP and tissue factor pathway inhibitor (TFPI), PROS1 may also regulate these proteins.

As a signaling molecule, PROS1 activates members of the TAM (TYRO3, AXL, and MERTK) receptor tyrosine kinases expressed by many cell
types in numerous tissues. In immune cells, PROS1-TAM signaling is anti-inflammatory and promotes phagocytic uptake of apoptotic cells. The
development and function of bone, vascular, and neural tissue, as well as phagocytosis by specialized phagocytes, are also regulated by PROS1-
TAM signaling. In cancers, PROS1 and TAMs are upregulated, promoting tumor cell aggressiveness. Thus, PROS1 biology has broad implications
spanning coagulation and noncoagulation-related systems [4].
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COAGULATION AND PLATELETS IN ANTIVIRAL IMMUNE RESPONSE

Silvio Antoniak
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Many pathogenic viruses of public health concern belong to the single-stranded RNA (ssRNA) viruses. The genomes of these viruses are
detected by toll-like receptor (TLR) 7. This leads to activation of the immune system and tissue factor (TF) gene induction in infected cells or
phagocytic immune cells. Uninfected bystander cells recognize double-stranded RNA (dsRNA), an intermediate of ssRNA virus replication, via
TLR3. Together, the increase in TF expression results in activation of the coagulation cascade and platelets. It is thought that the initial TF in-
duction is important to immobilize the pathogen in clots, structurally stabilize the infected tissue, and initiate an effective immune response.
Bystander cell-expressed TF is important to further amplify the immune responses, to maintain hemostasis, and to initiate wound-healing pro-
cesses. Importantly, overactivation of the coagulation cascade and platelets can enhance infection pathology, tissue injury, and thrombosis.
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REAL-TIME IMAGING ANALYSIS OF FIBRINOLYSIS REGULATION

Yuko Suzuki

Spatiotemporal regulation of plasminogen activation and fibrinolysis:
Real-time imaging analysis of fibrinolysis regulation
control

fibrin(ogen)
plasmin(ogen)
TAFI (thrombin-activatable fibrinolysis inhibitor)

Using human platelet-containing plasma, fibrin clot formation and lysis initiated
by tissue factor and tissue-type plasminogen activator were monitored by
confocal laser-scanning microscopy.

Activated platelets (=) provided a scaffold for binding coagulation and fibrinolytic
factors. Then, they triggered uneven fibrin network formation and the following
lysis.

a

Upper: At the lytic edge, accumulation of both plasminogen and TAFI was
detected.

Right: Direct thrombin inhibitor and activated factor X inhibitor differently
modified not only fibrin formation but also plasminogen accumulation and lysis.
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DIAGNOSTIC ASPECTS OF VON WILLEBRAND DISEASE

Ross |. Baker
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Low von Willebrand factor (VWF; <50 IU/dL) is a frequent finding in the general population, but most do not have a bleeding tendency. Other
laboratory and clinical considerations rather than just the VWF level explain the decreasing prevalence of von Willebrand disease (VWD) with
increasing expertise [5]. A recent study suggests that type 1 VWD (<30 1U/dL) has distinct subtypes, with around half of the patients either having
partial correction (30-50 IU/dL) or normalization (>50 IU/dL) of their VWF level with age over time, while in the other half, there is no change [6].
This finding suggests that low VWEF is part of an evolving age-related type 1 VWD phenotype and has important implications for VWD classi-
fication, diagnosis, pathogenesis, and treatment. Importantly, regardless of the change in plasma VWF levels, there is no difference in bleeding
phenotype, suggesting that there may be another undiscovered process(es) apart from VWF that causes bleeding in these people. HTC, hemophilia

treatment center; Hx, history.
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BACKGROUND AND MOA
Olivier Christophe
Initiation Amplification Propagation

BIVVO1 - Fitusiran m
Marstacimab, . m e -» <
N p \MGIIB @ . T ,
V . e —® @
K1 K2 , /‘I/_\ : dl
@ DDO] ¥
Platelet L ,) p 1 \
Actvated
ClH— G | clareitf "
TF expressing cell ’
TF
Endothelial cell

~_§_, \/
@ o @ @; .

e Mim8,
rFVII-Fc  rFVIII-PEG  rFVIII-Alb Pd-FVIII, rFVII BMN-270 NXT007 SerpinPC

Extended-Half-Life FVIIl E rate l Anti-APC

The mechanism of action of novel treatments for hemophilia A. Bolded are the molecules currently accessible for persons with hemophilia A in

Befovacimab Concizumab,

certain countries, while those in normal text are undergoing clinical trials.

In recent decades, hemophilia A treatment has advanced significantly, introducing new pharmacologic options. Long-lasting factor (F)VIII
products, including von Willebrand factor (VWF)-free FVIII, are now available for replacement therapy via intravenous infusion. Novel non-
replacement therapies have also emerged as alternatives, regardless of inhibitors, aiming to restore hemostatic balance by boosting thrombin
generation or mimicking FVIII activity. Two main strategies have been explored: inhibiting natural anticoagulants, namely antithrombin (AT),
activated protein C (APC), and tissue factor pathway inhibitor (TFPI), and introducing bispecific antibodies. These drugs, with innovative mech-
anisms and subcutaneous delivery, offer effective bleeding protection, improved adherence, and enhanced quality of life for persons with he-
mophilia. Liver-directed gene therapy for FVIII is promising, with recent regulatory approvals in some countries opening avenues for its
exploration in inhibitor patients.

EPCR, endothelial cell protein C receptor; K1, Kringle-1 domain of tissue factor pathway inhibitor; K2, Kringle-2 domain of tissue factor
pathway inhibitor; PAR-1, protease-activated receptor 1; PC, protein C; rFVIIl, recombinant factor VIII; siRNA, small interfering RNA; TF, tissue
factor, TM, thrombomodulin.

——Inhibition.

——Activation.
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DEBATE 1: APPROACH TO THROMBOPHILIA TESTING: FROM NEONATE TO YOUNG ADULT
(WESTERN PERSPECTIVE)

Shoshana Revel-Vilk

Who Should Be Tested ?

fo’] Neonate/ Child/ Recommended Maybe o Not Recommended
. Ado!escent « purpura fulminans or « provoked (non-catheter « catheter related VTE/ATE
with a . non-sepsis DIC related) VTE - perinatal AIS
thrombotic - unprovoked VTE - unprovoked, provoked (non-
event - recurrent VTE cathether related) or
recurrent non-cerebral ATE
« AlS (non perinatal)
/\Oj Guiding e Not Recommended
' thromboprophylaxis - Er " Py
i high-risk « positive family history of TE* and + no family history of TE

scenarios with no
personal history of

known/ unknown thrombophilia
trait
- test according to known trait

- no known familial thrombophilia trait

thrombotic event « if unknown, consider texting the

index family member first

AlS, acute ischemic stroke; ATE, arterial thrombotic events; DIC, disseminated intravascular coagulation; TE, thrombotic event; VTE, venous thrombotic event
*VTE at any age, cardiovascular events at a younger adult age, e.g., <40 years, recurrent miscarriage

Exploring the presence of an underlying hypercoagulable state, often termed a “thrombophilia work-up,” may be included in the laboratory
assessments for a child experiencing thrombosis. A number of inherited and acquired thrombophilias have been identified; however, the inter-
pretation of thrombophilia test results in individual clinical scenarios may be difficult. The reported prevalence of laboratory thrombophilic risk
factors in children with thrombosis varies and mainly reflects differences in study design and the clinical and demographic characteristics of the
study populations. The intricate interplay of factors leading to thrombotic events across varied age groups, from neonates to adolescents,
complicates the establishment of uniform guidelines for thrombophilia screening. Consequently, the decision to pursue diagnostic testing for
thrombophilia in children necessitates a tailored approach, considering the unique aspects of each case. The provided figure outlines specific
scenarios where thrombophilia testing is advised, alongside instances where it may not be necessary.
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NEUROCOGNITIVE AND PSYCHOLOGICAL IMPACTS IN ITP PATIENTS

Alice Hart
/"""_ —\\\‘\\
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\ There was no association between cognitive impairment and presence of cerebral microbleeds. //"
M /

iWISh, immune thrombocytopenia World Impact Survey.

We carried out cerebral magnetic resonance imaging and cognitive testing on 68 adults with immune thrombocytopenia (ITP): 32% had a
cerebral microbleed, and 48.5% had impaired cognition in 1 or more cognitive domains. There was no statistically significant association between
the 2 findings in this cohort. Further study is needed to understand cognitive function in patients with ITP. For references, see Cooper et al. [7],
Cooper et al. [8], and Vladescu et al. [9].



WARD ET AL rpm 15 of 32
1

search & practice
in thrombosis & haemostasis

SYSTEMS INTERACTIONS OF HEMOSTASIS

Carsten Deppermann

Megakaryocyte
Dying neuron
Platelet
Neutrophil
Bacteria

Kupffer cell %T-

From platelet production to clearance and from thromboinflammation to maintaining vascular integrity during inflammation, the platelet
lifecycle and platelet immune functions span across many different organs. Top left: during thromboinflammation following cerebral ischemia,
platelets adhere to the damaged endothelium, become activated, and release their granules. Recruited neutrophils interact with platelets, leading
to reciprocal activation. Immune cell infiltration to the brain parenchyma causes further inflammation, release of reactive oxygen species and
cytokines, and neuronal cell death. Top right: a specific subpopulation of inflammatory megakaryocytes resides in the lung. Platelets help maintain
vascular integrity in the lung during inflammation. Bottom right: the bone marrow is home to the largest, most important population of mega-
karyocytes generating large quantities of platelets. Specific subpopulations have recently been identified. Bottom left: in the liver, platelets help
Kupffer cells eradicate bacteria from the bloodstream. Kupffer cells also clear aged, desialylated platelets at the end of their lifespan.
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p———
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Novel targeted therapeutics for hemophilia in varying phases of development. (A) Substitution therapies for factor (F)VIII (emicizumab, Mim8,
and NXT0O07) that restore FXa generation via FIX and FX activation; (B) nonfactor rebalancing therapies that either knock down (small interfering
RNA [siRNA] to antithrombin [AT]) or interfere with the function (monoclonal antibodies against activated protein C [APC] or protein S [PS]) of
natural anticoagulants to restore hemostasis. QW, once weekly; Q2W, once every 2 weeks; Q4W, once every 4 weeks; TBD, to be established; TF
tissue factor; TPFI, tissue factor pathway inhibitor. *May be adjusted to second monthly (in some).
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BIOPHYSICAL APPROACHES IN UNDERSTANDING THE ANTIPHOSPHOLIPID SYNDROME

Nicola Pozzi

Antiphospholipid Syndrome (APS)
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Antiphospholid prothrombin, EPCR/ Blood
Antibodies lysobisphosphatidic acid, clot

TFPI, factor XII, etc..)

gy =
(‘\/B-cen \. %5\\\“ Single-molecule Structural Microfluidics
- \\{——* biophysics studies

— N= =
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Antiphospholipid syndrome (APS) is a complex thrombotic disorder characterized by the persistent presence of antiphospholipid antibodies.
Several targets of antiphospholipid antibodies have been discovered over the years. Yet how antiphospholipid antibodies interact with their
targets to cause thrombosis remains poorly defined. Novel biophysical approaches like those recently utilized to study anti-f,-glycoprotein |
antibodies [10] and antiprothrombin antibodies [11] are proving extremely useful in filling this knowledge gap. It is anticipated that these new
approaches will drive the creation of an Antiphospholipid Syndrome Autoantibody Atlas (APSAA) in which each antiphospholipid antibody is
classified according to its biochemical, structural, and functional profile in vitro and ex vivo in human blood. Creating such an atlas holds great value
for basic researchers interested in unraveling the complexity underlying autoimmune responses in APS. It may also provide exciting new op-
portunities to identify, risk-stratify, and treat APS patients in a more personalized way. EPCR, endothelial cell protein C receptor; TPFI, tissue
factor pathway inhibitor.
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INHERITED PLATELET GRANULE DISORDERS—LESSONS FROM PATIENTS

Walter H. A. Kahr
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Cellular interactions of megakaryocyte proteins linked to alpha (a, green) or dense (delta, 8, violet) granule formation discovered from studies
of inherited platelet disorders. Studies of arthrogryposis-renal dysfunction-cholestasis (ARC) syndrome patients led to the discovery that early
a-granule biogenesis requires a bivalent complex containing the Sec1/Munc18 protein VPS33B and VPS16B (VIPAS39) [12], which are thought to
act at interfaces involving Golgi, early endosomes (EE) and late endosomes/multivesicular bodies (LE/MVB). Studies of Gray platelet syndrome
revealed a key role for NBEAL2 in stabilizing a-granules/precursors via interaction with proteins, including granule surface P-selectin and the
endoplasmic reticulum (ER) protein SEC22B [13]. Quebec platelet disorder is caused by the abnormal platelet expression of urokinase (PLAU).
Studies of diverse syndromic disorders revealed proteins required for dense granule production, including LYST (Chediak-Higashi syndrome),
RAB27A (Griscelli syndrome), and several proteins (AP3B1, AP3D1, BLOC1S3, BLOC1S5, BLOC1S6, DTNBP1, HPS1, HPS3, HPS4, HPS5, and
HPS6) acting in complexes associated with Hermansky-Pudlak syndrome [14]. Created with BioRender.com.
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C1 INHIBITOR AND VENOUS THROMBOEMBOLISM

C1INH deficiency associated
Hereditary Angioedema

Etiology, Presentation & Treatment

Caused by SERPING1 gene mutations

Prevalence of 1 in 50,000 in the general
population

4 C1INH antigen or activity (<50% normal)
4 C4 antigen

Unpredictable, subcutaneous and
submucosal swelling attacks

Prophylactic therapies include C1INH
replacement and PKa inhibitors

¥

Coagulation & Thrombosis Phenotype

@ T F1+2, TAT & D-dimer

1 aPTT, & PT

1 contact pathway plasma TG
@ T VTE risk

C1INH deficient mice (Serping1™)

Coagulation & Thrombosis Phenotype

@ T F1+2 & TAT
© aPTT & PT
1 contact pathway whole blood TG
T venous thrombus formation
© arterial thrombus formation

C1INH replacement:
{ contact pathway whole blood TG
4 venous thrombus formation

Treatment Impact
C1INH Replacement:

4 VTE risk

PKa Inhibition:
@ 4 F1+2, TAT & D-dimer
© contact pathway plasma TG

L TAT & D-dimer
» 1 aPTT

Plasma C1INH in the general
population

@ Case - Control

* 405 VTE patients vs 829 matched controls
* ELISA-based measurement of plasma C1INH
¢ TC1INH L VTE risk

Mendelian Randomization

* Proteome wide MR
* Genetically inferred plasma C1INH levels
* TC1INH I VTE risk in deCODE and Fenland cohorts

Summary

» Evidence from HAE patients & the general population
supports an inverse relationship between plasma C1INH
levels and VTE risk.

Plasma C1INH

VTE Risk

Abbreviations: aPTT, activated partial thromboplastin time; C1INH, C1 inhibitor; F1+2, prothrombin fragment 1+2; HAE, Hereditary Angioedema; MR, Mendelian Randomization; PKa, plasma

kallikrein; PT, prothrombin time; TAT, thrombin-antithrombin complexes; TG, thrombin generation; VTE, venous thromboembolism

C1 inhibitor (C1INH) is a multifunctional serine protease inhibitor that functions as the major endogenous negative regulator of components
of the complement, coagulation, and kallikrein-kinin systems. Congenital C1INH deficiency results in a rare swelling disorder called hereditary
angioedema (HAE). A growing body of literature indicates that HAE is also associated with a procoagulant state and an increased risk of venous
thromboembolism (VTE) [15]. Clinical studies have shown that C1INH replacement therapy can ameliorate the procoagulant phenotype asso-
ciated with HAE. Recent studies with C1INH deficient mice have demonstrated that loss of C1INH is sufficient to enhance activation of coag-
ulation and venous thrombosis [16]. The relevance of C1INH extends beyond HAE into the general population. Individuals in the general
population with high plasma levels of C1INH have a reduced risk of VTE [17]. Taken together, these studies indicate that endogenous plasma
C1INH plays an important role in limiting venous thrombosis. ELISA, enzyme-linked immunosorbent assay. Image created with BioRender.com.
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NOVEL CONCEPTS IN ATHEROTHROMBOSIS: FROM PLAQUE EROSION TO MYELOID CELL
REPROGRAMMING

Philip Wenzel
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endothelial dysfunction erosion atherothrombosis

vascular inflammation

i i i >

Novel concepts in atherothrombosis: from plaque erosion to myeloid cell reprogramming. RAAS activation is key for understanding the
conundrum of atherothrombosis. Prevention of factor (F)XI-thrombin amplification [18] as well as blocking TF/FVII/PAR2-dependent activation of
ERK/nox2 complex to attenuate TGFB-1 activation [19] are showcase examples to induce myeloid cell reprogramming (green boxes). These
approaches may help to tackle vascular inflammation, endothelial erosion, and excess cardiac fibrosis to avert development of heart failure, the

end stage of cardiovascular disease. GP, glycoprotein; MI, myocardial infarction; PAR2, protease-activated receptor 2; TF, tissue factor.
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BIOMATERIALS FOR HEMOSTASIS

Ashley C. Brown
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Innovative biomaterials for hemostasis include injectable nanoparticles and polymers that target bleeding sites without causing off-target
thrombosis. Injectable nanoparticle systems include synthetic platelets, such as platelet-like particles and SynthoPlate, that target key compo-
nents of the coagulation cascade to promote clotting. Nanoparticle systems have included compositions of poly(N-isopropylacrylamide),
poly(lactic-co-glycolic) acid (PLGA), poly(L-lysine) (PLL), and polyethylene glycol (PEG). Injectable polymer formulations include PolySTAT,
(hemostatic agent via polymer peptide interfusion (HAPPI), and nanocomposite hydrogels. As these technologies are being further advanced,
next-generation versions are now being developed that incorporate more advanced biomimetic features such as thrombin generation [20] and
wound-sensitive shape change [21]. These types of materials are useful for stopping and controlling bleeding in emergency medicine and surgical

applications.
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NEW ANTITHROMBOTIC AND ANTIBACTERIAL SURFACES FOR MEDICAL DEVICES

Cécile Oury

SIMULTNAEOUS RELEASE OF
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(>30 days: critical post-
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New anti-thrombotic and anti-bacterial surfaces for medical devices

Combining surface modification with drug release
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Hemocompatibility of blood-contacting medical devices remains a challenge. Infectious complications have dramatic consequences for

patients. Since thrombosis and infection are interrelated processes, technologies that could reduce device thrombogenicity will also decrease
infection rates. A new and unique coating technology is now available for the simultaneous prevention of thrombotic and infectious complications

associated with the usage of medical devices. This technology combines surface modification with drug-eluting properties, and it can be applied to

any medical device materials. ECMO, extracorporeal membrane oxygenation.
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MICROFLUIDIC MODELS OF THROMBOSIS

Susan M. Shea

Microfluidic device with physiologic pressure head allows for:
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To advance our understanding of mechanisms of thrombosis and identify novel therapeutic approaches, we have developed a microfluidic
system that allows for simulation of arterial occlusion. Blood is perfused using a pathophysiologically relevant pressure head achieving arterial
shear rates, and thrombus forms on a bioactive region of interest until cessation of flow. After occlusion, clots are allowed to retract for prolonged,
clinically relevant periods and undergo retraction and remodeling, and continual occlusion is potentiated by platelet deposition. Immunofluo-
rescent imaging of this process provides novel insights into thrombotic mechanisms. This system also allows for upstream drug delivery without
perturbing the occlusive thrombus, recapitulating systemic thrombolytic therapy to assess new therapeutic approaches.
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EXOSITE CROSSTALK IN THROMBIN

James Fredenburgh
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Thrombin is the ultimate product of the coagulation system and is involved in numerous hemostatic processes, including coagulation, anti-
coagulation, and platelet, endothelial cell, and immune cell activation. Consequently, regulation of thrombin activity is critical to hemostasis.

Thrombin is characterized by 2 positively charged surface domains termed exosites. Exosite 1 guides substrates such as fibrinogen and
protease-activated receptors to the active site for cleavage and binds thrombomodulin, which serves as a cofactor in protein C activation. Exosite
2 acts as a binding site for ligands that promote additional interactions, such as heparin, which catalyzes inhibition by antithrombin, and glyco-
protein Iba, which promotes protease-activated receptor activation.

Thrombin also exhibits allosteric regulation as ligand binding at either exosite modulates the active site (arrows). Furthermore, occupation of
one exosite can affect the reciprocal exosite. Finally, thrombin possesses a sodium binding site that modulates the function of the exosites and

active site. Thus, thrombin is regulated by both intermolecular and intramolecular interactions.
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Freda Passam
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(1) Endothelial thromboinflammation occurs in patients naturally infected with viruses (ie, SARS-CoV-2) or by immunization (ie, ChAdOx1). (2)
SARS-CoV-2 may directly bind to endothelial receptors such as angiotensin-converting enzyme 2 (ACE2), neuropilin 1 (NRP-1), or scavenger
receptor class B type 1 (SRB-1), leading to endothelial activation. Endothelial cells are indirectly activated by the production of cytokines from
immune cells during viral infection (cytokine storm). ChAdOx1 may induce the production of antibodies against platelet factor 4 (PF4), which bind
and activate endothelial cells. (3) Activated endothelial cells secrete von Willebrand factor, which captures platelets; express P-selectin, which
traps neutrophils; and express tissue factor, which promotes the production of fibrin. Activated endothelial cells provide a conducive surface for
platelet activation, formation of neutrophil extracellular traps (NETosis), and fibrin polymerization. (4) Endothelialized microfluidic devices, such as
the Endo-chip, are powerful tools for the measurement and evaluation of novel treatments for vascular thromboinflammation. For references, see
Higashikuni et al. [22], Dupuy et al. [23], and Warkentin et al. [24].
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FACTOR CONCENTRATE THERAPY IN MAJOR BLEEDING

James Winearls
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and Systematic Review
Evidence Summary

in Major Haemorrhage
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Factor-based resuscitation vs blood component strategy in major hemorrhage stimulates great debate. There are staunch proponents for
each, but there remains a paucity of evidence to support one above the other. Nonrandomized studies in various settings report positive outcomes
with a factor-based strategy, but these have not been replicated in well-designed randomized control trials [25-27]. In the absence of quality
evidence supporting a factor-based strategy, it could be argued that “deconstructing” blood components to factor concentrates is not warranted in
the management of major hemorrhage. However, it could also be argued that a factor-based strategy should be utilized when the rapid availability
of blood components is not feasible, eg, in the austere clinical environment or when rapid replacement of coagulation factors is required. Large-
scale randomized control trials with patient-centered outcomes performed in conjunction with quality mechanistic studies are urgently required

to elucidate the optimum strategy for coagulation factor replacement in patients with major hemorrhage.
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USE OF TXA IN THE ACUTE SURGICAL SETTING

Hunter B. Moore
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Trauma has been implicated as a potent stressor driving systemic activation of the fibrinolytic system. However, the degree of fibrinolytic
activation and duration are not universal across patients. Trauma can cause sustained high fibrinolytic activity known as hyperfibrinolysis. Other
patients may activate and shut down fibrinolytic activity, while others may have a moderate physiological increase in systemic fibrinolytic activity.
Alternatively, patients can fail to generate a fibrinolytic response (hypofibrinolysis). Pathology occurs when excessive fibrinolytic leads to
depletion of circulating inhibitors, causing unregulated plasmin activity that results in bleeding and downstream inflammatory effects. The use of
antifibrinolytics such as tranexamic acid (TXA) in trauma has been demonstrated to decrease mortality in trauma, but the efficacy in improvement
in outcomes remains unclear across phenotypes and if any adverse effects occur. The clinical dilemma in stratification of fibrinolytic phenotypes is

the time needed for results, which delays delivery of TXA, which is time-critical.
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RISK ASSESSMENT OF ANTICOAGULATION IN INFLAMMATORY BOWEL DISEASE

Soumitra Tole
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UG, ulcerative colitis.

CSVT, cerebral sinus venous thrombosis; CVC, central venous catheter; IBD, inflammatory bowel disease; LMWH, low-molecular-weight
heparin; PY, person-years; VTE, venous thromboembolism. For references, see Kuenzig et al. [28], Aardoom et al. [29], and De Laffolie et al.

[30], and Story et al. [31].
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DISTAL DVT

Eileen Merriman

Management of Isolated Distal Deep Vein Thrombaosis (IDDVT)
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not required. anticoagulation.  anticoagulation anticoagulation. longer courses for 6 weeks
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*may require longer course of treatment if ongoing risk factors are present

Rx, treatment.

The management of isolated distal deep vein thrombosis (IDDVT) is heterogeneous; however, as 90% of IDDVTs will resolve even in the
absence of treatment, a simplified management plan can be applied to most. In the absence of ongoing risk factors (eg, malignancy, pregnancy, or
immobilization), patients can be treated with 2 to 6 weeks of anticoagulation. For thrombi <4 cm in length or for patients with a high risk for

bleeding, anticoagulation can be withheld, although a repeat ultrasound at 7 to 10 days is recommended to exclude propagation. DVT, deep vein
thrombosis.
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NEW TARGETS FOR ANTITHROMBOTIC DRUGS

Geoffrey D. Barnes
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ASTER, Effect of Endovascular Contact Aspiration vs Stent Retriever on Revascularization in Patients With Acute Ischemic Stroke and Large
Vessel Occlusion; MAGNOLIA, A Study Comparing Abelacimab to Dalteparin in the Treatment of Gastrointestinal/Genitourinary Cancer and
Associated VTE; OCEANIC-AF, A Study to Learn How Well the Study Treatment Asundexian Works and How Safe it is Compared to Apixaban to
Prevent Stroke or Systemic Embolism in People With Irregular and Often Rapid Heartbeat (Atrial Fibrillation), and at Risk for Stroke.

Current anticoagulants target either vitamin K-dependent coagulation factors (factor [F]II, FVII, FIX, and FX), Flla, or FXa. These medications
target key mediators of coagulation, therefore inhibiting major hemostatic functions with the goal of decreasing pathogenic thrombosis formation
risk. The emerging FXI/Xla inhibitors target FXI, which is located in the intrinsic (or surface contact) pathway. The hypothesis is that by inhibiting
the thrombin amplification loop, these emerging drugs will inhibit pathologic thrombosis formation without inhibiting key hemostatic functions,
thus decreasing the risk of bleeding.

The emerging FXI/Xla inhibitors are being developed both as oral and parenteral agents. The various routes of administration have certain
benefits and drawbacks, including their implications for ease of administration, impact on adherence, and concerns about procedural impact. While
several phase |l trials have been completed and found to have low rates of bleeding, ongoing phase Il trials are currently being conducted on
stroke prevention in atrial fibrillation, treatment of cancer-associated venous thromboembolism, and secondary stroke prevention. Completion of
the phase Il trials is essential to determine if targeting this part of the coagulation system leads to improved clinical efficacy and safety. DOAC,

direct oral anticoagulant; post-op, postoperative; VKA, vitamin K antagonist; RCT, randomized control trial; VTE, venous thromboembolism.
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SHEAR-INDUCED PLATELET AGGREGATION: THE HEMODYNAMIC PATHWAY FOR
OCCLUSIVE THROMBOSIS AND HEMOSTASIS

Leonardo Liu
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Acute myocardial infarction (MI) and ischemic strokes are leading causes of death among the elderly, while traumatic hemorrhage is more
common in the younger population. In all cases, high shear rates (>10,000 1/s) trigger shear-induced platelet aggregation, forming occlusive
thrombi. High shear comprises elongational and rotational flow components. Elongational flow rapidly stretches von Willebrand factor (VWF),
activating it and binding to platelets within 0.1 milliseconds [32]. Glycoprotein (GP) 1b-A1 bonds form within 10 microseconds, much faster than
GP1b-A1 bond rupture rate (bond lifetime, 0.1-10 seconds) [33]. Simultaneously, rotational flow agglomerates platelets through VWF in
1 millisecond, leading to mural platelet aggregate formation within 10 milliseconds [34]. This matches short platelet exposure to high shear
(~10 milliseconds). Platelet activation (taking 10-100 seconds) reinforces clot stability. Understanding shear-induced platelet aggregation is
crucial for developing targeted interventions against thrombus formation, promising improved management of acute MI, ischemic strokes, and

traumatic hemorrhage.
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