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T-01. Venous and arterial thrombosis
T-01-01  Transfer RNAs, not microRNAs, are linked 
to ischemic stroke and major bleeding in patients 
with end-stage kidney disease – a nested case- 
control study from the VIVALDI cohort
Authors  S. Nopp1, O. Königsbrügge1, M. Säemann2, I. Pabinger1, A. Y. 
Nossent3, C. Ay1

Institutes  1  Medical University of Vienna, Vienna, Austria; 2  Clinic 
Ottakring, Vienna, Austria; 3  Exercise and Sports (NEXS), Department for 
Nutrition, Copenhagen, Denmark
DOI  10.1055/s-0044-1779057
Introduction  Patients with end-stage kidney disease (ESKD) are at particular-
ly high risk for thromboembolism and bleeding. This study aimed to identify 
small non-coding RNAs (sncRNAs), specifically microRNAs and transfer RNA 
(tRNA)-derived fragments (tRFs), as potential novel biomarkers for thrombo-
embolism and bleeding in this high-risk population.

▶Fig. 1	   Volcano plot representing differential expression and 
statistical significance of tRNAs in

Method  In this sncRNA discovery research, we leveraged the VIVALDI cohort, 
consisting of 625 ESKD patients on hemodialysis, to conduct two nested 
case-control studies, each comprising 18 participants. The primary outcomes 
were ischemic stroke in the first investigation and major bleeding in the second. 
Plasma samples were processed using the mIND pipeline for RNA-seq analysis 
to investigate differential expression of microRNAs and tRNA/tRFs between 
cases and their respective matched controls, with results stringently adjusted 
for false discovery rate (FDR).
Results  No significant differential expression of microRNAs for either ischem-
ic stroke or major bleeding outcomes was observed in either of the two nested 
case-control studies. However, we identified four tRNAs significantly differen-
tially expressed in ischemic stroke cases and seven in major bleeding cases, 
compared to controls (FDR < 0.1, see ▶Fig. 1). Coverage plots indicated that 
specific tRNA fragments (tRFs), rather than full-length tRNAs, were detected 
(example provided in ▶Fig. 2). Alternative mapping approaches revealed chal-
lenges and technical limitations that precluded in-depth differential expression 
analyses on these specific tRFs. Yet, they also underscored the potential of 
tRNAs and tRFs as markers for thromboembolism and bleeding.

Conclusion  While microRNAs did not show significant differential expression, 
our study identified specific tRNAs/tRFs as potential novel biomarkers for is-
chemic stroke and major bleeding in ESKD patients, which need to be further 
validated externally.
Conflict of Interest  The authors declare no conflict of interest.

T-01-02  Cardiovascular and genetic determinants 
of platelet ADP- and epinephrine-induced hyperreac-
tivity – Results from the Gutenberg Health Study
Authors  G. Baidildinova1, 2, V. ten Cate1, 3, M. Panova-Noeva1, B. Dahlen1, 3, 
A. Gieswinkel3, S. Rapp3, K. Strauch4, M. Beutel5, N. Pfeiffer6, K. L. Lackner7, 
T. Münzel8, H. ten Cate2, 9, P. S. Wild1, 3, K. Jurk1, 3

Institutes  1  University Medical Center of the Johannes Gutenberg 
University Mainz, Center for Thrombosis and Hemostasis (CTH), Mainz, 
Germany; 2  Maastricht University, Department of Biochemistry, Cardiovas-
cular Research Institute Maastricht (CARIM), Maastricht, Netherlands; 
3  University Medical Center of the Johannes Gutenberg University Mainz, 
Preventive Cardiology and Preventive Medicine, Department of Cardiology, 
Mainz, Germany; 4  University Medical Center of the Johannes Gutenberg 
University Mainz, Institute of Medical Biostatistics, Epidemiology and 
Informatics (IMBEI), Mainz, Germany; 5  University Medical Center of the 
Johannes Gutenberg University Mainz, Department of Psychosomatic 
Medicine and Psychotherapy, Mainz, Germany; 6  University Medical Center 
of the Johannes Gutenberg University Mainz, Department of Ophthalmo

▶Fig. 2	 Coverage plots of the differential tRNA-derived frag-
ments pattern coding for tRNA-Val-AAC-1; Highlighted in red is a 
pattern of fragments present in patients with a major bleeding event 
compared to their controls.
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logy, Mainz, Germany; 7  University Medical Center of the Johannes 
Gutenberg University Mainz, Institute for Clinical Chemistry and Laboratory 
Medicine, Mainz, Germany; 8  University Medical Center of the Johannes 
Gutenberg University Mainz, Department of Cardiology, Cardiology I, 
Mainz, Germany; 9  Maastricht University Medical Center, Maastricht, 
Thrombosis Expertise Center, Heart and Vascular Center, Maastricht, 
Netherlands
DOI  10.1055/s-0044-1779058
Introduction  Platelets contribute to the development of cardiovascular dis-
eases with arterial or venous origin. This study aimed to compare platelet ADP 
and epinephrine hyperaggregability to other platelet function tests and to 
determine the predictive value of clinical factors and common genetic variants.
Method  Normal- vs. high-responsive platelets to 0.5 µM of ADP and epineph-
rine in the light transmission aggregometry (LTA) were discriminated by the 
intersection of two distributions in a Gaussian mixture model from 903 popu-
lation-based Gutenberg Health Study participants. Utilizing robust Poisson 
regression analysis, prevalence ratios (PR) were estimated between four plate-
let hyperaggregability comparison groups and 1) additional platelet parameters 
assessed by LTA, flow cytometry, platelet function analyzer, and calibrated 
automated thrombinography, 2) clinical characteristics, and 3) platelet-related 
common genetic variants.
Results  Platelet hyperaggregability in response to ADP and/or epinephrine 
was associated with maximum aggregation for all tested agonists and tissue 
factor exposure in vivo after adjustment for age, sex, platelet count and plate-
let function-interfering medications (PR > 1, all group comparisons). Increased 
platelet aggregation induced by ADP and epinephrine was strongly related to 
atrial fibrillation (PR > 1, all group comparisons), whereas dyslipidemia was as-
sociated with ADP high-responsive platelets and venous thromboembolism 
with epinephrine high-responsive platelets in the LTA (p < 0.05). Common var-
iants in GPVI (rs1613662, rs1671152) demonstrated predictive impact on 
platelet ADP hyperaggregability and rs3737224 (PEAR1) and rs11575845 
(MPIG6B) on platelet epinephrine hyperaggregability (p < 0.05).
Conclusion  This study identifies common and specific cardiovascular and ge-
netic determinants of platelet ADP and epinephrine hyperresponsiveness in-
dependent of established confounders. Evaluation of platelet ADP/epinephrine 
hyperaggregability may provide 1) diagnostic value for platelet hyperactivity 
in atrial fibrillation, dyslipidemia, and VTE and 2) benefits for personalized an-
tiplatelet treatment.
Conflict of Interest  One author has received research funding outside the 
present study from Boehringer Ingelheim, Sanofi-Aventis, Bayer HealthCare, 
Daiichi Sankyo Europe, and Novartis, and honoraria for lectures or consulting 
from Boehringer Ingelheim, Bayer HealthCare, Evonik, AstraZeneca and Sa-
nofi-Aventis.

T-01-03  Therapeutic influence of ACKR3/CXCR7 in 
inducing Anticoagulant Acylcarnitines: implications 
for Deep Vein Thrombosis and Coronary Artery 
Disease
Authors  J. A. Bucio García1, X. Fu2, M. Lackner3, L.-S. Menig-Benzig3,  
B. Bouzabia1, S. Beer-Hammer1, E. Schaeffeler3,  
U. Hofmann3, M. Schwab3, 4, M. Haag3, M. Lämmerhofer2, M. Chatterjee1

Institutes  1  University Hospital Tübingen, Department of Pharmacology, 
Experimental Therapy and Toxicology, Tübingen, Germany; 2  University of 
Tübingen, Institute of Pharmaceutical Sciences, Tübingen, Germany; 3  Dr. 
Margarete Fischer-Bosch-Institute of Clinical Pharmacology (IKP), Stuttgart, 
Germany; 4  University of Tübingen, Departments of Clinical Pharmacology, 
and of Pharmacy and Biochemistry, Tübingen, Germany
DOI  10.1055/s-0044-1779059

Introduction  Pharmacological targeting of the chemokine receptor ACKR3/
CXCR7 regulates arterial thrombosis, platelet reactivity and thrombo-inflam-
matory response following myocardial infarction, those induced by immuno-
thrombotic IgGs, and in coronary artery disease (CAD) patients ex vivo. CXCR7 
agonist triggers the generation of anti-platelet lipid 12-HETrE which ligates the 
prostacyclin receptor and induces the platelet inhibitory cAMP dependent sig-
naling cascade. Current investigation explores the antithrombotic and antico-
agulatory implications of targeting CXCR7.
Method  Stasis model of DVT in mice;platelet degranulation, integrin activa-
tion, procoagulant response, platelet-leukocyte aggregate formation in DVT 
model by flow cytometry; lipidomics analysis by UHPLC-QTOF-MS/MS; metab-
olomics analysis by HILIC-QTOF-MS; platelet mitochondrial respiration using 
Seahorse platform; calibrated automated thrombinography; phosphorylation 
of adenosine monophosphate-dependent kinase (AMPKSer-172) and acetyl-CoA 
carboxylase (ACCSer-79) by immunoblot analysis.
Results  Administration of CXCR7-agonist (VUF11207) significantly decreased 
thrombus burden in the inferior vena cava of DVT mice 48hrs post stasis; it 
reduced circulatory platelet degranulation (CD62P), αIIbβ3-integrin activation 
(JON/A), thrombogenic phosphatidylserine exposure on procoagulant platelets 
and thrombo-inflammatory platelet-leukocyte aggregate formation. VUF11207 
administration also retarded subsequent enhancement in such functional re-
sponses to collagen related peptide ex vivo. Long-chain Acylcarnitines (LC-
ACars) exert anticoagulant influence by inhibiting Factor-Xa, circulatory levels 
of which are reduced in venous thromboembolism (VTE) and STEMI patients 
potentially accounting for their thrombotic disposition. VUF11207 induced the 
generation of LC-ACars in platelets from healthy subjects and CAD patients ex 
vivo, and prompted their release in the external milieu. Lipidomics and metab-
olomics profiling of resting and thrombin activated platelets revealed signifi-
cantly elevated levels of LC- ACars (16:0, 18:1, 18:2), without affecting mito-
chondrial respiration, anabolic utilization of glucose, amino acid, lipids, also 
platelet energetic status, assessed by ATP measurements and adenylate ener-
gy charge. CXCR7 ligation caused activation of AMPKSer-172, and subsequently 
AMPK-mediated phosphorylation and thereby inhibition of ACCSer-79, thus 
fostering lipolysis over de novo lipogenesis, which could contribute to LC-ACar 
generation. Inhibitory effect of VUF11207 on platelet dependent thrombin 
generation was partially counteracted by carnitine palmitoyltransferase-1 in-
hibitor etomoxir that prevents LC-ACar formation, suggesting its anticoagula-
tory potential.
Conclusion  Therapeutic targeting of CXCR7 may modulate thrombotic and 
procoagulatory response in DVT and CAD. Validation of CXCR7-agonist induced 
LC-ACar as an anticoagulant mediator will be made in future clinical investiga-
tions.

T-01-04  Patterns of atrial fibrillation anticoagula-
tion with rivaroxaban – 7 years follow-up from the 
Dresden NOAC Registry
Authors  L. Tittl, S. Marten, C. Naue, J. Beyer-Westendorf
Institute  University Hospital “Carl Gustav Carus” Dresden, Thrombosis 
Research Unit, Department of Medicine I, Division Hematology, Dresden, 
Germany
DOI  10.1055/s-0044-1779060
Introduction  Data on long-term effectiveness and safety of rivaroxaban for 
stroke prevention in atrial fibrillation (SPAF) are scarce and not available from 
randomized clinical trials.
Method  We used data from the prospective, non-interventional DRESDEN 
NOAC REGISTRY to evaluate rates of stroke/transient ischaemic attack (TIA)/
systemic embolism (SE), ISTH major bleeding (MB), in general and changes of 
event patterns over time.
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Results  Between 1st October 2011 and 28 February 2013, 1204 SPAF patients 
receiving rivaroxaban were enrolled and followed until 31st December 2022 
(▶Fig. 1). The mean duration of follow-up was 6.7 ± 3.4 years (median 7.2 years; 
25th/75th percentile 3.8/10.0 years) with a mean duration of rivaroxaban ex-
posure of 4.9 ± 3.5 years (median 4.5 years; 25th/75th percentile 1.7/8.2 years).

During follow up, intention-to treat rates of stroke/TIA/SE were 3.5/100 pt. 
years (95 % CI 2.5-4.7) in the first year and fell to 1.6/100 pt. years (95 % CI 1.2-
2.0) in years 2-5 and 2.1/100 pt. years (95 % CI 1.6-2.7) after 5 years. Similarly, 
on-treatment event rates fell from 2.4/100 pt. years (95 % CI 1.5-3.5) to 1.1 
(95 % CI 0.7-1.5) and 1.6 (95 % CI 1.0-2.3), respectively.
Major bleeding rates on treatment were 3.5/100 pt. years in the first treatment 
year (95 % CI 2.5-4.8) and 2.7 (95 % CI 2.2-3.4) and 3.5 (95 % CI 2.7-4.6) in the 
periods 2-5 and > 5 years, respectively. Of note, rates of fatal bleeding were low 
throughout follow-up (0.2 vs. 0.2 vs. 0.1/100 pt. years).
Of all observed major cardiovascular events, approximately 40 % were related 
to stroke/TIA/SE, around 25 % related to acute coronary syndrome, approxi-
mately 6 % to venous thromboembolism and nearly 30 % to “other”, which 
predominantly was worsening of chronic heart failure. Interestingly, these 
proportions hardly changed over time and remained consistent from the first 
treatment year throughout 7 years of follow-up (▶Fig. 1).
In contrast, patterns of MB changed considerably over time. Gastrointestinal 
bleeding accounted for 40 % of all MB events but this proportion was 53 % in 
the first treatment year and declined to approximately 42 % (years 1-5) and 33 % 
( > 5years). Similar declines over time were observed for genito-urinary and 
intraabdominal/retroperitoneal bleeding. Proportions of intracranial haemor-
rhage (app. 11 % of all MB) demonstrated a moderate increase (app. 5 % in the 
first year; 14 % during years 1-5 and 11 % beyond 5 years) but the most relevant 
increase occurred in skin/mucosal and joint bleedings, which together account-
ed for 8 % in the first year, 15 % during years 1-5 and 23 % beyond 5 years, re-
spectively (▶Fig. 2).

▶Fig. 1	   Patient characteristics of 1204 SPAF patients and treat-
ment subgroups; BMI, body mass index; IQR, interquartile range; 
NSAID, non-steroidal anti-inflammatory drug. PAD/CAD, peripheral 
arterial occlusive disease/coronary artery disease; SD, standard 
deviation.aImpaired renal function was defined as current or a histo-
ry of creatinine clearance < 50 mL/min.

Conclusion  Our study demonstrates the long-term effectiveness and safety 
of rivaroxaban therapy in unselected SPAF patients in daily care. Our data indi-
cate that patterns of cardiovascular events remain constant over many years 
of SPAF treatment. In contrast, bleeding patterns change over time, possibly 
due to effects of co-morbidities in an ageing population.
Conflict of Interest  J.B.-W.: honoraria and research support from Bayer, 
Boehringer Ingelheim, Daiichi Sankyo, Pfizer, Alexion, Norgine, DOASENSE and 
Sanofi. L.T.: honoraria and travel support from Daiichi Sankyo and Bayer. S.M.: 
honoraria from Daiichi Sankyo and Bayer. C.N.: no conflict of interest with re-
gard to the NOAC registry or this Abstract.

T-01-05  Functional limitations three and twelve 
months after venous thromboembolism: Results 
from a prospective cohort study
Authors  D. Steiner1, S. Nopp1, G. Heinze2, D. Kraemmer1, O. Schlager3,  
S. Barco4, F. A. Klok5, I. Pabinger1, B. Weber6, C. Ay1

Institutes  1  Medical University of Vienna, Department of Medicine I, 
Clinical Division of Haematology and Haemostaseology, Vienna, Austria; 
2  Medical University of Vienna, Center for Medical Data Science, Institute 
of Clinical Biometrics, Vienna, Austria; 3  Medical University of Vienna, 
Department of Medicine II, Division of Angiology, Vienna, Austria; 
4  University Hospital Zurich, Department of Angiology, Zurich, Switzerland; 
5  Leiden University Medical Center, Department of Medicine – Thrombosis 
and Hemostasis, Leiden, Netherlands; 6  Medical University of Vienna, 
Department of Dermatology, Vienna, Austria
DOI  10.1055/s-0044-1779061
Introduction  Venous thromboembolism (VTE) is associated with various long-
term complications, including a decline in physical functioning. We aimed to 
investigate the association of clinical parameters at VTE diagnosis with func-
tional limitations three and twelve months after diagnosis.
Method  We conducted a prospective cohort study of VTE patients at a tertiary 
care center, excluding patients with cancer, pregnant patients, and patients in 
the postpartum period. Functional limitations were assessed with the post-VTE 
functional status (PVFS) scale (ranging from 0 to 4, with higher values indicat-
ing more limitations) within the first 21 days of diagnosis, after three and twelve 
months (prospectively), and one month before diagnosis (retrospectively). 
Twelve-month follow-up was only performed in patients remaining on antico-
agulation. We fitted two separate proportional odds logistic regression models 
for the 3- and 12-month follow-ups and computed odds ratios (ORs) with 95 % 
bootstrap percentile confidence intervals (CI) to describe the association of 

▶Fig. 2	   patterns of major bleeding (panel I), major cardiovascular 
events (CV; panel II); Data are depicted for the entire period (panels 
A) and changes of patterns depicted over time (panels B-D) in 
on-treatment analysis; GIB = gastro-intestinal bleeding, ICH = intrac-
ranial haemorrhage, VTE = venous thromboembolism, ALI = acute 
limb ischemia, TIA = transitory ischemic attack, SE = systemic embo-
lism, ACS = acute coronary syndrome
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clinical parameters at the time of VTE diagnosis with functional limitations 
three and twelve months after VTE.
Results  We included 307 patients with a median (interquartile range, IQR) age 
of 55.6 (43.7-65.7) years, of whom 128 (41.7 %) were women. The median (IQR) 
PVFS scale grade before diagnosis and at baseline were 0 (0-0) and 2 (2-3), 
respectively. About 49 % of patients had pulmonary embolism, 62 % had un-
provoked VTE, 28 % had a history of VTE, 24 % had a history of cardiovascular 
or pulmonary disease, and 49 % were active or current smokers. After a median 
(IQR) follow-up time of 13.4 (12.9-16.0) weeks, 269 patients reported a medi-
an (IQR) PVFS scale grade of 1 (0-2) (▶Fig. 1). Compared to their pre-VTE 
functional status, 123 (45.7 %) returned to their status or improved, while 146 
(54.3 %) had more functional limitations. Female sex (OR, 2.15, 95 % CI, 1.26-
4.14), higher BMI (OR, 1.05, 95 % CI, 1.00-1.10), functional limitations at diag-
nosis, and older age were associated with increased odds for more limitations 
at the three-month follow-up (▶Fig. 2). After a median (IQR) follow-up time 
of 55.9 (53.1-62.6) weeks, 124 patients had a median (IQR) PVFS scale grade 
of 1 (0-2) (▶Fig. 1). Compared to their pre-VTE functional status, 56 (45.2 %) 
returned to their status or improved, while 68 (54.8 %) had more functional 
limitations. Female sex (OR, 4.29, 95 % CI, 1.57-15.83), history of cardiovascu-
lar or pulmonary disease (OR, 2.62, 95 % CI, 1.03-7.85), and functional limita-
tions at baseline were associated with increased odds for reporting a higher 
PVFS scale grade twelve months after VTE (▶Fig. 2).

▶Fig. 1	   Change in functional limitations over time; Alluvial plot 
showing absolute number of patients per category of functional limita-
tions. The upper panel depicts change in functional limitations from one 
month before venous thromboembolism diagnosis over the time of 
diagnosis to three months after diagnosis, the lower panel from one 
month before over the time of diagnosis to twelve months afterwards.

Conclusion  Patients with VTE had a considerable degree of functional limita-
tions three and twelve months after VTE diagnosis and did not return to their 
pre-VTE functional status. We identified clinical parameters associated with 
functional limitations which could help in early identification of patients at risk 
for increased functional limitations after VTE.
Conflict of Interest  This project was supported by a GTH Early Career Research 
Grant. SB reports institutional grants or contracts from Bayer, INARI, Boston 
Scientific, Medtronic, Bard, Sanofi, and Concept Medical; payment or honorar-
ia from INARI, Boston Scientific, Penumbra, and Concept Medical; and support 
for attending meetings and/or travel from Bayer and Sanofi. FAK received re-
search support from Bayer, BMS, BSCI, MSD, Leo Pharma, Actelion, The Neth-
erlands Organisation for Health Research and Development, The Dutch Throm-
bosis Association, The Dutch Heart Foundation, and the Horizon Europe 
Program, all paid to his institution and outside the current work. CA reports 
honoraria for lectures from Bayer, Daiichi Sankyo, BMS/Pfizer, and Sanofi, and 
participation in advisory boards for Bayer, Boehringer Ingelheim, Daiichi San-
kyo, and BMS/Pfizer outside the current work. DS, SN, GH, DK, OS, IP, and BW 
have no conflicts of interest to declare with regard to the present study.

T-01-06  Differences in plasma levels of free throm-
bin and APC in patients with splanchnic vein throm-
bosis with and without myeloproliferative neoplasms
Authors  S. Reda1, 2, J. Busse1, J. Chang3, N. Schwarz1, J. Müller1,  
C. P. Strassburg3, J. Oldenburg1, B. Pötzsch1, C. Jansen3, H. Rühl1

Institutes  1  University Hospital Bonn, Institute of Experimental Hematolo-
gy and Transfusion Medicine, Bonn, Germany; 2  University of Cologne, 
Faculty of Medicine and University Hospital Cologne, Cologne, Germany; 
3  University Hospital Bonn, Department of Internal Medicine I, Bonn, 
Germany
DOI  10.1055/s-0044-1779062
Introduction  Splanchnic vein thrombosis (SVT), comprising thromboses in 
the portal, splenic, and mesenteric vein system, is often associated with mye-
loproliferative neoplasms (MPN). Affected patients are at high risk of further 
thrombosis but also of bleeding due to the underlying disease and various 
accompanying disorders, making antithrombotic therapy challenging. Aim of 
this study was to characterize the hypercoagulable state in SVT by measuring 
the key enzymes of coagulation activation and the anticoagulant protein C 
pathway; thrombin and activated protein C (APC).

▶Fig. 2	   Odds ratios and 95 % bootstrap confidence intervals (CIs) 
for model 1 and 2; Model 1 refers to the three-month follow-up, 
model 2 to the twelve-month follow-up.; a95 % bootstrap percentile 
confidence intervals were calculated with 500 resamples. bAge was 
modelled as a continuous variable using restricted cubic splines with 
four knots at the 5th, 35th, 65th, and 95th percentile. Odds ratios for 
age are presented for 10th, 25th, 50th, 75th, and 95th percentile of 
patients with outcome data available for 3-month follow-up 
(n = 275), with the 10th percentile as reference.
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Method  The study population included 43 patients with SVT, thereof 25 in 
whom MPN was diagnosed (MPN + , essential thrombocythemia, n = 8; poly-
cythemia vera, n = 6; myelofibrosis, n = 8; unclassifiable, n = 3). In the MPN + co-
hort JAK2 V617F and CALR mutations were present in 23 (92 %) and 1 (4 %) of 
cases, respectively, but were not found in any patient in the MPN-negative 
cohort of patients with SVT (MPN-, n = 18). The control group consisted of 15 
healthy individuals. MPN + and MPN- cohorts of SVT patients were similar re-
garding age (mean, range 56, 36-78 years and 55, 32-72 years, respectively; 
47, 30-60 years in the control group). 22/25 (88 %) of MPN + patients and 14/18 
(78 %) of MPN- patients were under anticoagulant therapy at the time of anal-
ysis. Thrombin and APC in plasma were assessed using oligonucleotide-based 
enzyme capture assays (OECA). Additionally, prothrombin activation fragment 
(F1 + 2), thrombin-antithrombin complex (TAT), and D-dimer were measured.
Results  Plasma levels of free thrombin were higher in the MPN + than in the 
MPN- cohort (P = 0.036) and in controls (P = 0.031), with median (IQR) plasma 
levels of 0.52 ( < 0.46-1.36) pmol/L in the MPN + group versus the upper quar-
tile of thrombin levels < 0.46 pmol/L in both other groups. With 1.39 (0.39-2.42) 
pmol/L versus 0.54 (0.39-1.00) pmol/L, APC levels were also higher in the 
MPN + cohort than in the control group (P = 0.040), whereas the difference to 
those in the MPN- group did not reach statistical significance (0.68, 0.42-1.17, 
pmol/L, P = 0.278). Compared with controls (D-dimer of 0.24, 0.18-049 µg/
mL), D-dimer levels were higher in the MPN + (0.49, 0.28-0.72 µg/mL, P = 0.003) 
and MPN- group (0.41, 0.21-0.75 µg/mL, P = 0.022). In contrast, plasma levels 
of F1 + 2 and TAT did not differ significantly between MPN + /MPN- patients and 
controls (median F1 + 2: 0.21, 0.18, 0.15 nmol/L, respectively; median TAT: 
23.0, < 21.3, < 21.3 pmol/L, respectively).
Conclusion  The increased levels of active coagulation enzymes may be reflec-
tive of the increased thrombotic risk in patients with SVT, even while under 
anticoagulant treatment. In our study population SVT patients with MPN could 
be better distinguished by thrombin and APC than by conventional coagulation 
activation markers. Further studies are warranted to assess a potential appli-
cation of these biomarkers to guide anticoagulant therapy in patients with SVT 
and to elucidate the role of the PC pathway in MPN-associated hypercoagula-
bility.
Conflict of Interest  J.O. has received research funding from Bayer, Biotest, CSL 
Behring, Octapharma, Pfizer, Swedish Orphan Biovitrum, and Takeda; consul-
tancy, speakers bureau, honoraria, scientific advisory board, and travel expens-
es from Bayer, Biogen Idec, BioMarin, Biotest, Chugai Pharmaceutical Co., Ltd., 
CSL Behring, Freeline, Grifols, LFB, Novo Nordisk, Octapharma, Pfizer, F. Hoff-
mann-La Roche Ltd., Sanofi, Spark Therapeutics, Swedish Orphan Biovitrum, 
and Takeda. The other authors declare no competing financial interests.

T-01-07  Influence of gut commensals on murine 
deep vein thrombosis and platelet function
Authors  K. Kiouptsi1, 2, Z. Gao1, K. Jurk1, C. Reinhardt1, 2

Institutes  1  University Medical Center Mainz, Center for Thrombosis and 
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Introduction  The commensal microbiota represents a chronic environmental 
challenge affecting many inflammatory processes. Although the microbiota’s 
role on arterial thrombosis and atherosclerosis has been increasingly recog-
nized, not much is known about the influence of microbiota on venous throm-
bosis. The most common type of venous thrombosis is the deep vein throm-
bosis (DVT). Endothelial activation has a key role in triggering DVT resulting in 
a procoagulant state. Defects on the gut barrier result in an increase of bacte-
rial products in the circulation via the portal vein, inducing activation of the 
vascular endothelium and increased adhesion of leukocytes and platelets.
Method  A standardized mouse model to study venous thrombosis in vivo is 
the inferior vena cava (IVC) stenosis model. In this study, we applied the IVC 
model, restricting the blood flow for 48 hours, to gnotobiotic mice and quan-

tified the thrombus weight of thrombi from germ-free (GF) and conventional-
ly raised (CONV-R) mice. We performed thromboelastometry to study wheth-
er the blood coagulation capacities were influenced by microbiota. The effect 
of microbiota on platelet function was studied ex vivo by functional assays, such 
as aggregometry and flow cytometry. In addition, we used calibrated automat-
ed thrombography to study thrombin generation.
Results  The absence of microbiota did not result in changed thrombus weight 
in the stenosed IVC. Unchanged blood clotting was also confirmed by the ex 
vivo thromboelastometry analyses, after analyzing blood from GF and CONV-R 
mice. However, GF mice showed decreased aggregation capacities when stim-
ulated by thrombin which was in line with a reduced P-selectin exposure in flow 
cytometry following convulxin activation. Interestingly, tissue factor-induced 
thrombin generation was also slightly reduced in platelets of GFmice.
Conclusion  Venous thrombosis, primarily initiated by blood stasis and en-
dothelial cell activation, was not influenced by the gut microbiota in a 48h 
murine IVC stenosis model. Although the microbiota influenced platelet acti-
vation and thrombin generation ex vivo, this did not impact venous thrombus 
weight in our settings.
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Introduction  Pulmonary embolism (PE) can result in long-term sequelae, such 
as the post-PE syndrome or chronic thromboembolic pulmonary hypertension 
(CTEPH) in survivors. The underlying factors contributing to cardiac and func-
tional decline in affected patients remain unclear, and existing tools for iden-
tifying high-risk patients are insufficiently sensitive and specific. This study 
aimed to develop a machine learning model to identify patients at risk for long-
term consequences, potentially improving diagnosis and understanding of 
post-PE syndrome.
Method  This study utilized data from the RIETE registry, the world’s largest 
prospective international registry for patients with PE, to develop supervised 
machine learning models for identifying patients at increased risk for post-PE 
syndrome (according to modified ISTH criteria) and for CTEPH (secondary out-
come). All patients with an index event PE and at least six months of follow-up 
were included. Relevant predictor variables were defined a priori in an analysis 
plan. Missing values were imputed using multiple imputation by chained equa-
tions (MICE). Our approach involved a three-step methodology consisting of 
data preprocessing, model training via a random forest algorithm, and model 
validation through 50-fold Monte Carlo cross-validation with patients being 
randomly sampled into training and test sets at an 80:20 ratio. Additionally, 
the performance of the CTEPH prediction model was benchmarked against an 
existing score by Klok et al.
Results  Machine learning was based on 113 predictor variables from 8301 PE 
patients, of whom 2133 (25.7 %) were classified with post-PE syndrome at six-
month follow-up. The model developed to predict post-PE syndrome yielded 
an AUC of 0.58 (95 % CI: 0.58-0.59) in cross-validation (▶Fig. 1). A subset of 
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173 (2.1 %) patients developed CTEPH. The validated CTEPH model had an AUC 
of 0.66 (95 % CI: 0.64-0.67, ▶Fig. 2). Sensitivity analysis for predicting CTEPH 
was even better with a score of 0.74 (95 % CI: 0.73-0.75), both outperforming 
the existing CTEPH prediction score (0.54; 95 %CI 0.51-0.57). Key variables 
consistent across all models included PE location on CT, fibrinogen levels, chest 
pain at presentation, T-wave inversion in electrocardiogram, absence of elec-
trocardiographic abnormalities, clot site on CT, and co-occurrence of DVT in 
the lower limbs.

Conclusion  Our machine learning approach underscored the complexity and 
limitations of using post-PE syndrome as a clinical endpoint, while demonstrat-
ing promising potential in predicting CTEPH. A more nuanced approach to 
defining post-PE syndrome seems advisable. Moreover, future research on 
long-term consequences after PE should build upon the identified predictor 
variables in our study.
Conflict of Interest  The authors declare no conflict of interest.

▶Fig. 1	 Machine learning performances for post-PE syndrome 
and relative importance of model parame; (a) Performance met-
rics for the prediction of post-PE syndrome. Error bars indicate the 
95 % confidence intervals. (b) Relative feature importance of the ten 
most predictive parameters in the post-PE prediction model.

▶Fig. 2	 Machine learning performances for CTEPH and relative 
importance of model parameters; (A) Performance metrics for the 
prediction of CTEPH. Error bars indicate the 95 % confidence inter-
vals. (B) Relative feature importance of the ten most predictive 
parameters in the CTEPH prediction model.
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Introduction  Paroxysmal nocturnal hemoglobinuria (PNH) is an extremely 
rare bone marrow disorder [1]. In addition to complement-mediated hemoly-
sis and cytopenia, venous and arterial thromboses at multiple and/or unusual 
sites are a common complication [1, 2]. Here, we describe the case of a 58-year-
old woman with catastrophic PNH-associated thrombosis.
Method  Coagulation and flow cytometric analyses and imaging studies were 
carried out as part of the patient’s routine diagnostic workup.
Results  The patient was admitted to our emergency department with a 2-day 
history of rapidly progressive muscle weakness of all extremities and altered 
behavior. The patient reported severe headache and abdominal pain for about 
a week. In addition, she had dark-colored urine for about 2 years. Imaging di-
agnostics revealed extensive thromboses of cerebral sinus and bridging veins 
with congestive brain infarctions and hemorrhages. In addition, multilocular 
hepatic vein thrombosis and splenic infarction were identified. Blood count 
showed mild anemia (Hb 12.1 g/dL) and thrombocytopenia (71 Mrd/L). Biliru-
bin, LDH and schistocytes were not available at admission. While global coag-
ulation tests were normal, plasma D-dimers were markedly elevated (12.5 
mg/L). Deficiencies in antithrombin, protein C or protein S, activated protein 
C resistance, dysfibrinogenemia, antiphospholipid syndrome, and JAK2V617F 
mutation were excluded. Flow cytometric analysis of peripheral blood revealed 
glycosylphosphatidylinositol anchor protein deficiency in up to 65 % of leuko-
cytes and erythrocytes, confirming diagnosis of PNH. Despite immediate initi-
ation of anticoagulation with unfractionated heparin and endovascular me-
chanical thrombectomy, the patient died few days later. At the time of PNH 
diagnosis, initiation of complement inhibitory therapy was waived due to the 
patient’s unfavorable clinical prognosis.
Conclusion  Although PNH is an orphan disease, it has promising treatment 
options. PNH should be considered in patients with newly diagnosed throm-
boses, especially if located at multiple and/or unusual sites.
Conflict of Interest  The authors declare no potential conflicts of interest rel-
evant to the content of the abstract.
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Introduction  Venous thromboembolism (VTE) is associated with various 
short- and long-term complications, including psychological distress and de-
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terioration of quality of life. We aimed to describe self-reported anxiety and 
generic quality of life from diagnosis up to three months after VTE.
Method  We conducted a prospective cohort study including unselected VTE 
patients within 21 days of diagnosis at a tertiary care center. Patients with 
anticoagulation at the time of diagnosis were excluded. After three months, 
patients underwent a follow-up visit incorporated into routine clinical care. 
Anxiety was assessed with the Patient-Reported Outcomes Measurement In-
formation System (PROMIS) short form 8a at baseline and follow-up. Using an 
online tool, a standardized T-score was calculated from the raw scores, with 
higher values indicating a higher degree of anxiety. The reference value is de-
rived from a general population, with a mean of 50 and a standard deviation of 
10. Quality of life was assessed with the EuroQoL Group 5-Dimension 5-Level 
(EQ-5D-5L) questionnaire and visual analogue scale (VAS). Based on a reference 
value set, answers from questions dealing with five dimensions were integrat-
ed into an overall index ranging from -0.661 to 1. For both index and visual 
analogue scale, higher values indicate better quality of life.
Results  We included 321 patients with a median (interquartile, IQR) age of 
55.6 (43.4-66.1) years; 138 (43.0 %) were women. Nearly 50 % of all patients 
had pulmonary embolism, median (IQR) BMI was 27.7 (24.4-31.4) kg/m², 91 
(28.3 %) reported a history of VTE, and 79 (24.6 %) reported a history of cardi-
ovascular or pulmonary disease. At baseline, 301 patients with available data 
had a mean (standard deviation) anxiety T-score of 51.1 (9.3). After three 
months, anxiety T-score improved to 46.8 (9.1), reflecting a mean change of 
-4.1 from baseline (data available for 254 patients). However, 60 patients 
(23.6 % of patients with available data) reported increased levels of anxiety at 
three months (▶Fig. 1). Median (IQR) EQ-5D-5L index for 312 patients at base-
line was 0.85 (0.68-0.92). At follow-up, data was available for 263 patients, 
with a median (IQR) of 0.90 (0.88-1.00). Overall, 17.8 % reported a decrease in 
quality of life compared to baseline. Regarding VAS, median (IQR) values at 
baseline and follow-up were 70 (50-80) and 80 (70-90), respectively (▶Fig. 2; 
data available for 307 and 262 patients, respectively). Similar to the index, 46 
patients (17.8 %) reported a decreased quality of life compared to baseline.

▶Fig. 1	 Intraindividual change in T-score of PROMIS anxiety 
short form 8a from baseline to follow-up; Higher values indicate a 
higher degree of anxiety. Every patient is represented by points and 
a connecting line. Patients depicted in red reported worsening of 
anxiety throughout follow-up (T-score change ≥ 1).

Conclusion  During the three months following a VTE diagnosis, self-reported 
anxiety and generic quality of life of patients improved overall. However, a 
considerable proportion of patients reported increased levels of anxiety and 
decreased levels of quality of life, necessitating a better understanding and 
further investigation of this group.
Conflict of Interest  DS, SN, and BW report no conflicts of interest. CA received 
personal fees for lectures and/or participation in advisory boards from Bayer, 
BMS, Daiichi-Sankyo, Pfizer, and Sanofi.

▶Fig. 2	 EQ-5D-5L dimensions (upper panel) and visual ana-
logue scale (lower panel) at baseline (blue); For dimensions, 
higher values indicate more problems. For visual analogue scale, 
higher values indicate better health. Dimension are presented as 
means, visual analogue scale values as median (bold line), third and 
first quartile (upper and lower hinge, respectively), and outliers 
(points).
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Introduction  Acute mesenteric ischemia (AMI) is a rare but life-threatening 
condition. Formation of neutrophil extracellular traps (NETs) contribute to in-
flammatory damage in acute mesenteric infarction. NETosis is induced by mi-
crobial specific molecular patterns recognized by host pattern recognition 
receptors, such as toll-like receptors (TLRs), specifically TLR4. However, wheth-
er additional innate immune receptors such as TLR2 signaling is involved in this 
inflammatory process, is still not well understood. Therefore, we investigated 
the adhering leukocytes and NET formation in vivo and ex-vivo in convention-
ally-raised (CONV-R) and germ-free (GF) TLR2-/- mice and wildtype (WT) control 
mice.
Method  In an established ischemia-reperfusion(I/R) injury model, the I/R-in-
duced NETs were stained with SYTOX™ Orange and the adhering leukocytes 
with acridine orange, subsequently visualized by epifluorescence intravital 
microscopy (IVM) in vivo. For ex-vivo NETosis assays, isolated neutrophils from 
mouse bone marrow were stimulated with the TLR2/6 agonist MALP-2 and 
NETosis was measured in a fluorimetric assay.
Results  We confirmed that microbiota increases leukocyte adhesion in mes-
enteric venules post-ischemia. Of note, global TLR2 deficiency does not influ-
ence leukocyte adhesion pre- or post-ischemia in the mesenteric venules. In-
terestingly, TLR2 does not influence in vivo NETosis in this model at germ-free 
conditions. The stimulation of bone marrow neutrophils with a TLR2/6 agonist 
(MALP-2) did induce NETosis ex vivo, indicating that other vascular cell types 
might contribute.
Conclusion  We conclude that conventionally raised TLR2-/- and WT mice have 
comparable leukocyte adhesion and that the deficiency of TLR2 does not affect 
NETosis in the germ-free housing state.
Conflict of Interest  The authors declare that there is no conflict of interest.
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Introduction  The glycoprotein IIb/IIIa complex formed by the integrins CD41 
and CD61 undergoes a conformational change during platelet activation, en-
abling fibrinogen binding and leading to platelet aggregation and thrombus 
formation. Paradoxically, the total amount of these integrins in platelets was 
reported to be lower in prothrombotic diseases such as lupus anticoagulant 
(LA), COVID-19 and lung cancer patients. Nevertheless, their role in LA-associ-
ated thrombosis development and fibrinogen-binding capacity is still unknown. 
This study aimed to quantify the basal and ADP-activated platelet surface lev-

els of CD41 and CD61 and their affinity to bind fibrinogen in LA patients with 
(LA + TE + ) and without thrombosis history (LA + TE-) compared to age- and 
sex-matched healthy control (HC) individuals.
Method  Twenty patients with persistent LA + TE + , ten LA + TE- and thirty 
matched HC from the Vienna Lupus Anticoagulant and Thrombosis study (EC 
1268/2014) were included (▶Fig. 1). Patients with antiplatelet drugs were 
excluded, and the selected controls did not take any antiplatelet medication 
for at least 10 days before blood sampling. Blood was drawn into 3.5 mL CTAD 
Vacuette tubes (3.2 % sodium citrate with theophylline, adenosine and dipyrid-
amole). Basal and ADP-activated [c = 15 µM] surface levels of integrin CD41, 
CD61, CD62P and binding of fibrinogen to the activated CD41/CD61 complex 
antibody were measured using a PAC-1 antibody from platelet-rich plasma 
(PRP) by flow cytometry.

Results  Basal levels of CD41 and CD61 were significantly increased in 
LA + TE + (CD41: + 24 %, p = 0.03; CD61: + 18 %, p = 0.02) but not in LA + TE- pa-
tients compared to HC (▶Fig. 2a, b). Notably, ADP activation significantly in-
creased surface levels of CD41 and CD61 across all study groups. However, 
LA + TE + patients had a lower ADP- induced increase in platelet surface CD41 
levels than in HC (8 % vs. 13 %, p = 0.038), whereas there was no significant 
difference between LA + TE- patients and HC (11 % vs. 13 %, p = 0.450). A similar 
trend was observed for CD61, with an ADP-induced increase in LA + TE + patients 
compared to HC (8 % vs. 12 %, p = 0.070) and in LA + TE- patients compared to 
HC (11 % vs. 12 %, p = 0.537). There was no difference in classic platelet activa-
tion markers CD62P and affinity for fibrinogen (PAC-binding) before and after 
ADP activation in LA + TE + or LA + TE- patients compared to HC (▶Fig. 2c, d).

▶Fig. 1	   The abundance of these platelet surface receptors is 
indicated by median fluorescence intensity (MFI) from (A) CD41, (B) 
CD61, (C) CD62P and (D) the activated GPIIb/IIIa complex by PAC-1 
binding from LA + TE + (n = 20), LA + TE- (n = 10) patients and matched 
HC (n = 30). Median values are indicated with a horizontal line ± 95 % 
confidence interval. The ratios of changes (r) were calculated by 
dividing the median value of the diseased group by that of the 
matched healthy control group. The significance of the change (p 
values) was calculated between study groups using the Mann-Whit-
ney test.
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Conclusion  The increased basal levels of surface integrins CD41 and CD61 
indicate a higher platelet activation state in LA + TE + patients, which was not 
found in LA + patients without prior thrombosis. The attenuated ADP-induced 
upregulation may be related to the lower total available amount of these gly-
coproteins in platelets of LA + TE + patients. These observations demonstrate 
that persistently activated and “exhausted” platelets may contribute to the 
prothrombotic phenotype in patients with persistent LA, as has already been 
observed in patients with various cancers.
Conflict of Interest  The authors declare no conflict of interest.
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Introduction  Various bleeding risk scores have been conceived to assess the 
bleeding risk in patients with cardiac disease, however the OAC3-PAD bleeding 
risk score is only the second one specifically designed to assess the bleeding 
risk in patients with peripheral arterial disease (PAD) [1]. We aimed to exter-
nally validate the OAC3-PAD risk score for PAD patients treated exclusively with 
endovascular revascularisation.
Method  We retrospectively reviewed the medical documentation of all 1 612 
patients who underwent successful endovascular revascularisation at the Clin-
ical Department of Vascular Diseases at the University Medical Centre Ljublja-
na in a 5-year period. Performance of the risk score was tested in two steps [2]. 
We first assessed the Cox proportional hazards (CPH) model upon which the 
score is based using discrimination, calibration, and a scaled Brier score. Sec-
ondly, we tested the risk score itself by calculating the patients’ risk scores and 
grouping patients into the four risk groups. Survival analysis was performed 
using Kaplan-Meier curves and discrimination was tested using log-rank anal-
ysis.

▶Fig. 2	 

Results  Uno’s IPCW corrected AUC, a measure of discrimination of the CPH 
model, was 0.83 (95 % CI 0.76 – 0.90). The scaled Brier score was 3.27 % (95 % 
CI 0.65 % – 4.40 %), indicating poor overall performance. 1 434 patients were 
included in the main analysis, of whom 33 (2.3 %) experienced a major bleeding 
event. Major bleeding rates in the low, low-to-moderate, moderate-to-high, 
and high risk groups were 0.4 % (3/736 patients), 0.8 % (2/243 patients), 5.8 % 
(15/258 patients), and 6.6 % (13/197 patients), respectively. The Kaplan-Meier 
curves presenting the event-free survival of patients for all four groups are 
shown in ▶Fig. 1. Observed and expected event rates are shown in ▶Fig. 2.

▶Fig. 1	 Kaplan-Meier curves for the four bleeding risk groups 
in our patient cohort.; Kaplan-Meier curves showing the event-free 
survival of our patients in the low, low-to-moderate, moder-
ate-to-high, and high risk group as determined by the OAC3-PAD risk 
score.

▶Fig. 2	 Observed and expected major bleeding rates as ob-
tained from the Kaplan-Meier curves and th; Observed 1-year 
major bleeding rates as obtained from the Kaplan-Meier curves for 
our validation cohort and expected 1-year major bleeding rates as 
obtained from the CPH model upon which the OAC3-PAD risk score is 
based.
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Log-rank analysis showed successful discrimination between either of the two 
lower risk groups and one of the higher risk groups: low vs moderate-to-high 
risk (p < .001), low vs high risk (p < .001), low-to-moderate vs moderate-to-high 
risk (p = .003), and low-to-moderate vs high risk (p < .001). However, the score 
failed to discriminate between the low and low-to-moderate, as well as between 
the moderate-to-high and high risk group.
Conclusion  While discrimination of the OAC3-PAD CPH model was adequate, 
calibration was poor. The score overestimated the bleeding risk in low-risk pa-
tients while underestimating the risk in high-risk patients. Although the score 
failed to stratify PAD patients after percutaneous revascularisation into the four 
respective risk groups, it can be clinically useful in distinguishing low risk pa-
tients from high risk patients.
Conflict of Interest  The authors declare no conflicts of interest.
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Introduction  Leukotriene B4 (LTB4) is a pro-inflammatory lipid mediator de-
rived from arachidonic acid. It is synthesized via the 5-lipoxygenase pathway 
by the leukotriene A4 hydrolase (Lta4h) [1]. It is primarily secreted by neutro-
phils and acts as a chemoattractant, drawing more neutrophils to the area by 
inducing and arresting neutrophil swarming. Additionally, LTB4 triggers accom-
panying inflammatory responses such as reactive oxygen species production 
and the formation of neutrophil extracellular traps [1, 2]. Recently, lipidome 
analyses identified platelets as a potential source of LTB4, suggesting that this 
might be a mechanism by which activated platelets directly recruit immune 
cells to sites of injury and drive inflammation [3]
The aim of this study is to investigate the relevance of LTB4 for platelet activa-
tion, hemostasis and neutrophil recruitment.
Method  Lta4h-deficient mice (Lta4h-/-), which are unable to form LTB4, were 
generated and changes in the platelet lipidome were measured by liquid chro-
matography tandem mass spectrometry (LC-MS/MS). Lta4h-/- platelet function 
was assessed by standard in-vitro assays, and an in vivo tail bleeding time assay. 
The in-vivo effects of platelet-derived LTB4 on neutrophil recruitment to sites 
of endothelial damage were studied in different models of sterile inflammation 
in the liver and the cremaster muscle using intravital microscopy.

Results  Lta4h-/-mice show unaltered blood parameters. LC-MS/MS confirms 
the lack of LTB4 in the supernatant of activated Lta4h-/- platelets. Injection of 
the supernatant of stimulated wildtype platelets but not of Lta4h-/- platelets 
leads to strong recruitment and extravasation of neutrophils in the cremas-
ter muscle. Intravital microscopy shows that neutrophil infiltration in the 
liver following ischemia reperfusion injury or hot needle injury is significantly 
reduced, both in the full knockout and after Lta4h-/-platelet transfer into 
previously platelet-depleted animals. Notably, platelet function in classical 
platelet function tests and the tail bleeding time are not affected by the 
absence of platelet-derived LTB4 (▶Fig. 1).

Conclusion  Our study demonstrates for the first time that platelets secrete 
LTB4 to directly recruit neutrophils to sites of endothelial damage, making it a 
potent and previously unknown driver of thrombo-inflammation.
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Introduction  Micronutrients are involved in many important functions of the 
human body and an adequate intake is necessary for optimal health. They could 
be supplied either by the intake of food or through supplements. The aim of 
this in-vitro study was to examine the anti-coagulatory as well as the anti-oxi-
dative properties of four supplements, namely a fruit, a vegetable and a berry 
powder concentrate, and a powder concentrate containing a combination of 
the three (FVB).
Method  Dried extracts were resuspended with NaCl solution, left in an ultra-
sonic bath, rotated for 30 min in a rotary shaker, and centrifuged. Their anti-ox-
idative properties were estimated via their capability to attenuate the Cu2 + -in-

▶Fig. 1	 Platelet-derived LTB4 mediates neutrophil recruitment; 
Endothelial damage leads to the adhesion and activation of platelets. 
Activated platelets secrete LTB4 and attract nearby neutrophils, 
which in turn release LTB4, leading to the further recruitment of 
neutrophils. Created with BioRender.com.
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duced oxidation of low-density lipoprotein (LDL). The anti-coagulatory 
properties of the concentrates were estimated via thrombelastometry (TEM) 
and platelet aggregation measurements, performed in whole blood samples. 
Thrombin generation was assessed by using calibrated automated thrombo-
gram (CAT).
Results  The berry concentrate most efficiently impeded the Cu2 + -induced LDL 
oxidation and thus, possessed the highest antioxidant capacity, followed by the 
FVB concentrate. The vegetable and fruit concentrates had only low antioxidant 
capacities. Correspondingly, the berry concentrate exerted the most efficient 
anticoagulant action: The TEM-value “Coagulation time” was significantly pro-
longed from 218 ± 18 to 249 ± 23 s (P = 0.017). Moreover, the Impedance Ag-
gregation value “Amplitude” was significantly decreased from 13 ± 1.7 to 
4.3 ± 1.5 ohm (P = 0.017) by the berry concentrate. CAT measurements revealed 
that the berry concentrate is able to inhibit the thrombin activity in plasma 
samples. The fruit, vegetable, as well as the FVB concentrate affected all the 
coagulation parameters to a much lesser degree.
Conclusion  Our in-vitro study indicates that particularly the berry concentrate 
has potent anti-coagulatory as well as anti-oxidative properties. We have there-
fore launched a randomized, controlled, open-labelled, parallel-grouped, clin-
ical trial to investigate the anti-oxidative and anti-coagulatory effects of the 
four concentrates in 112 elderly individuals [1].
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Introduction  Large amounts of labile heme are known to be pro-inflamma-
tory, pro-thrombotic, and cytotoxic by e.g. binding to biomolecules such as 
proteins [1–3]. One such example is TLR4, which has been poorly understood 
with regards to its activation by heme. TLR4 forms a complex with MD2 and 
the complex then assembles in a dimeric state. In this study, we report in vitro, 
cellular and in silico analysis of the heme binding to TLR4, MD2, and their com-
plex.
Method  Heme binding was investigated on the peptide as well as the protein 
level by employing prediction of heme-binding motifs by HeMoQuest [4], pep-
tide synthesis and characterization, as well as binding studies by UV/vis spec-
troscopy experiments. Surface plasmon resonance (SPR) and UV/vis spectro-
scopic studies were used to analyze heme binding to the proteins. These 
experiments were further complimented by molecular docking and molecular 
dynamics simulations of the free and heme-bound proteins TLR4, and MD2, as 
well as the TLR4-MD2 complex.
Results  Our study revealed motifs with high to moderate heme-binding affin-
ity in both proteins, with TLR4 possessing 4 HBMs and MD2 2 HBMs. In contrast 
to an earlier report [5], two other heme-binding sites were identified in MD2. 
Cellular experiments analyzing heme-mediated cytokine responses are partial-
ly via TLR4 and independently of CD14, which activates TLR4 signaling in the 

absence of MD2. The further characterization of the most promising and ex-
perimentally validated HBMs in TLR4 using mutagenesis studies revealed that 
heme interacts with TLR4 through distinct binding sites, and individual HBMs 
are dispensable for full receptor activation.
Conclusion  To summarize, a stepstone analysis in the direction of TLR4 sign-
aling activation via transient heme binding was performed. HBMs available in 
the TLR4-MD2 complex can mediate TLR4 signaling upon heme binding via 
different mechanisms [6]. Additionally, we also found that TLR4 has higher 
heme binding affinity as compared to MD2. A detailed exploration of the effects 
of heme on immune receptors with regard to proinflammatory effects may 
contribute to a better understanding of hemolytic disorders.
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Introduction  The gut-liver axis is a bidirectional system, which markedly in-
fluences remote metabolic functions of the host and is involved in the devel-
opment of atherosclerosis. By delivering microbial components through the 
portal vein, the gut microbiota was shown to modulate the cholesterol and 
lipid metabolism in the hepatic endothelium. Yet, how diet, a significant mod-
ifier of gut microbial communities, affects the hepatic endothelium remains 
limitedly understood. In this study, we shed light on the diet-dependent effects 
on the transcriptome of liver endothelial cells (LECs) during the progression of 
both early and late-stage atherosclerosis.
Method  Low-density lipoprotein receptor-deficient mice (Ldlr-/-) were housed 
in either germ-free (GF) or conventionally raised (CONV-R) conditions and fed 
with high-fat Western diet (HFD) or standard chow diet (ND) for 16 weeks. 
Following isolation of LECs using a magnetic cell separation technique, 
whole-transcriptome sequencing analysis was performed. To dissect the influ-
ence of microbiome and diet at early time points, the effect of 8 weeks of 
feeding with ND or HFD on the LEC transcriptome, mRNA and protein expres-
sion was investigated. Furthermore, the aortic root and aortic arch lesion size 
was histologically quantified.
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Results  In CONV-R Ldlr-/- mice, fed with HFD for 16 weeks, cholesterol home-
ostasis and inflammatory responses in the hepatic endothelial transcriptome 
were deregulated. Interestingly, no significant regulation in the sphingolipid 
metabolism was identified. However, in early atherosclerosis Ldlr-/- mice exhib-
ited diet-dependent regulations of the key enzymes sphingomyelin synthase-1 
(Sms1) and sphingomyelin phosphodiesterase 3 (Smpd3) in LECs, suggesting 
dynamic changes of endothelial lipid synthesis pathways in the progression of 
atherosclerosis. Since sphingolipids were shown to be involved in atherogen-
esis, atherosclerotic plaques in aortic roots and aortic arch of GF and CONV-R 
Ldlr-/- mice were histologically analyzed. However, atherosclerotic lesion size 
in early atherosclerosis was unchanged at the studied conditions.
Conclusion  Here, we report that the gut microbiota and diet dynamically modify 
the expression profile of enzymes involved in cholesterol and sphingolipid metab-
olism in the hepatic endothelium in a mouse model of early atherosclerosis.
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Introduction  Generation of Neutrophil Extracellular Traps (NETs), also termed 
NETosis, contribute to host defense; however, excessive NETosis leads to hy-
perinflammatory, autoimmune and thrombotic disease states. Histone citrul-
lination by peptidyl arginine deiminase 4 (PAD4), and pore formation in the 
plasma membrane by gasdermin D (GSDMD) are believed to be involved in the 
formation and release of NETs [1, 2]. In this study, we aimed to study the role 
of GSDMD and PAD4 in NET formation in experimental models of septicemia 
and sterile neutrophilia.
Method  We generated Gsdmd-/- and Pad4-/-gene deficient mice on a Dnase1-/-

Dnase1l3-/- deficient background to amplify intravascular NET occlusions in these 
mice. Animals were challenged in two models of NET formation, sterile neutrophil-
ia, and septicemia, triggered by hepatic transgene expression of granulocyte col-
ony stimulating factor (G-CSF) and injection of LPS and heat-killed E. coli, respec-
tively [3]. The survival rate, body weight, and peripheral body temperature of the 
mice were measured. The murine lungs were stained with H&E and the NET mark-
ers chromatin, myeloperoxidase and citrullinated histone 3 to detect intravascular 
NET occlusions. We also assessed ex vivo NET formation from isolated murine 
neutrophils using phorbol-12-myristate-13-acetate (PMA) and calcium ionophore 
in the presence or absence of GSDMD and PAD4.
Results  Here we tested the importance of PAD4, and GSDMD for NETosis in 
vivo. Gsdmd/Dnase1/Dnase1l3-/- and Pad4/Dnase1/Dnase1l3-/- mice were not 
protected from death in sterile neutrophilia, and septicemia. Histological anal-
ysis of lung sections showed that NET-derived clots occluded blood vessels in 
both mouse strains. Furthermore, we found that the genetic or pharmacolog-
ical inhibition of GSDMD blocks ex vivo NETosis in PMA, but not calcium iono-
phore-activated murine neutrophils. The inhibition of PAD4 did not block ex 
vivo NETosis, independent of the respective stimulus.
Conclusion  Taken together, we challenge the current role of GSDMD by new-
ly reporting that intravascular NETosis is independent of GSDMD in experimen-
tal models of sterile neutrophilia and septicemia.
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Introduction  Thrombin has a multitude of roles in the initiation and propagation 
of (anti)coagulation, in platelet activation and fibrin clot formation. The assessment 
of thrombin generation (TG) has provided in-depth understanding of the plasma 
factors contributing to the (in)activation of thrombin in triggered plasma and 
whole-blood. By default, the generated thrombin is considered to act as a single 
pool. Here, we present evidence for the diversity of two major proteolytically active 
thrombin pools with non-overlapping functions in blood clotting.
Method  A novel Syn-Nb-AF106 anti-fibrin nanobody (Nb106) was character-
ized, as described in Sun et al. (abstract this GTH meeting). TG was assessed by 
calibrated automated thrombography using various triggers with control (mul-
ti-donor) and (reconstituted) coagulation factor-deficient plasmas, platelet-rich 
plasma (PRP) or whole blood. Fibrin clot formation was evaluated by scanning 
electron microscopy (SEM). Clot retraction was assessed macroscopically.
Results  In tissue factor-triggered TG,we discovered that Nb106 dose-de-
pendently reduced the thrombin peak level and endogenous thrombin poten-
tial (ETP) to 54-62 %, without effect on kinetic TG parameters. We observed a 
similar reduction in platelet-free plasma, PRP and whole blood. We found that 
Nb106 inhibited tissue factor-induced TG using plasma deficient in factor IX, 
XI or XII, but not using plasmas deficient in fibrinogen or antithrombin. Recon-
stitution experiments showed that the inhibition depended on the fibrinogen 
concentration. Together, the fibrin(ogen)-dependent and thrombin-inhibiting 
effect indicated that Nb106 operates by releasing proteolytically-active throm-
bin from fibrin to allow inactivation by antithrombin. Time-dependent, late 
spiking experiments revealed that Nb106 reduced TG only when added at 0-15 
minutes after trigger, but no longer after 30 minutes, suggesting that the in-
hibitory capacity was due to a shortened thrombin binding to fibrin rather than 
to a continued protection towards antithrombin. In plasmas from a cohort of 
64 healthy subjects, application of Nb106 showed a consistent reducing effect 
on TG parameters (peak, ETP), with a moderate positive correlation with the 
fibrinogen level. Strikingly, brightfield microscopy and SEM indicated that 
Nb106, but not control nanobodies, in triggered plasma, PRP and whole-blood, 
fully abrogated the formation of elongating fibrin fibers. In agreement with 
this, it strongly suppressed whole-blood clot retraction.
Conclusion  Collectivity, these data point to the existence of two major pools 
of proteolytically active thrombin, both of which contributing to TG, that are 
formed upon plasma and blood coagulation. One pool of soluble thrombin 
steers the proteolytic coagulation cascade, while a second pool is bound to 
growing fibrin fibers. The latter pool still cleaves TG substrate, is temporarily 
protected against antithrombin, and is required for fibrin fiber extension and 
blood clotting and clot retraction.
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Introduction  Protein C deficiency (PCD) is a severe hereditary thrombophilia 
caused by various variants in the PROC gene. The endothelium is involved in the 
protein C (PC) pathway by promoting activated protein C (APC) formation and 
thereby regulating thrombin generation. However, it is not clear to what degree 
different PROC gene mutations and plasma levels of mutant PC affect APC for-
mation. Aim of this study was the evaluation of human umbilical vein endothe-
lial cell (HUVEC)-dependent APC formation in plasma of PCD patients with 
various PROC mutations as compared to healthy controls.

▶Fig. 1	 Thrombin and HUVEC-dependent APC formation in 
plasma.; Thrombin and APC levels were measured in supernatant 
plasma by oligonucleotide-based enzyme capture assays (OECA) 
over 60 and 120 minutes, respectively. Healthy control group (Con-
trols, n = 11) shown in blue; protein C deficiency group (PCD, n = 22) 
shown in red. Columns and error bars show median and interquartile 
ranges, respectively. Obtained data was compared using the two-
tailed Student’s t-test.

Method  HUVECs were cultured in 48-well plates and overlaid with citrated, defi-
brinated plasma from patients with hereditary PCD not on anticoagulation (n = 22) 
and healthy donors (n = 11). Thrombin formation was initiated by the addition of 
1 pM tissue factor. Concentrations of generated thrombin and APC in the super-
natant plasma were measured over 60 and 120 minutes, respectively, via oligonu-
cleotide-based enzyme capture assays (OECAs). PROC variants were identified by 
Next Generation Sequencing. Plasma levels of PC, free protein S (PS), antithrombin 
(AT), and coagulation factors II, V, VII, VIII, IX, X, and XI were measured in all plasma 
samples applied in experiments. In cases in which no PROC mutation was found, 
diagnosis of hereditary PCD was established by repeated measurements of low PC 
levels in the patient and in at least one first grade relative.
Results  The concentration of free thrombin did not differ significantly between 
patients and controls 10, 20, or 60 minutes after coagulation activation. The 
concentration of APC was significantly lower in PCD patients at the 30, 40, and 
120 minute timepoints (P = 6x10-8, P = 2x10-7, and P = 1x10-4, respectively) 
(▶Fig. 1). PS, AT, and coagulation factor levels were within normal ranges in all 
samples and did not differ significantly between groups. There were 14 previ-
ously published PROC variants among the 22 patients. Twelve variants were 
unique, whereas four patients carried 512 C > T and two patients carried 815 
G > A. In four PCD patients, no mutation could be identified. Functional PC 
levels ranged between 35.5 and 74.6 % and the area under the curve (AUC) of 
APC formation ranged between 19.7 and 113.1 nmol x min/L in PCD patients. 
Both PC levels and AUC APC were lower in all patients compared to controls 
(mean 110.7 % and 166.3 nmol x min/L, respectively) (▶Fig. 2).

▶Fig. 2	 PROC variants, PC level, and APC formation in PCD 
patients and healthy controls.; Gene variants were measured in all 
patients and healthy controls by Next Generation Sequencing. PC 
levels were measured using the Atellica®​ COAG 360 System. APC 
formation was measured in supernatant plasma by oligonucleo-
tide-based enzyme capture assays over 120 minutes and the area 
under the curve was calculated.
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Conclusion  Regardless of PROC mutation or residual PC level, we found de-
creased APC formation in the endothelial cell model in all 22 patients. This 
might indicate that PCD patients have a higher risk of thrombosis than residu-
al PC activity levels in plasma suggest. Further studies are warranted to under-
stand the interplay between PCD and APC formation on the endothelial level 
and its influence on thrombotic risk.
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Introduction  Antiphospholipid syndrome (APS) is a prothrombotic autoimmune 
disease that is associated with recurrent thrombosis and pregnancy loss [1]. The 
thrombotic risk in patients remains high despite the use of plasmatic anticoagulants 
[2]. APS is caused by circulating autoantibodies (AAbs) that recognize phospholip-
ids and phospholipid-binding proteins [2]. Anti-β2-glycoprotein-I APS antibodies 
(anti-β2GPI AAbs) are increasingly identified to harbor prothrombotic potential 
[3–5]. However, the impact of anti-β2GPI APS antibody interactions with platelets 
(PLT) and subsequent relevance on thrombus formation are not well explored.
This study aims to investigate the relevance of anti-β2GPI antibody interactions 
with procoagulant platelets and the impact on thrombus formation ex vivo.
Method  For the investigation of anti-β2GPI AAb-mediated PLT alterations, a flow cy-
tometry (FC)-based protocol was employed. To study the impact of anti-β2GPI AAb-me-
diated PLT changes on thrombus formation, a microfluidic ex vivo thrombosis model 
was developed with tetra staining to analyze the multicellular interaction in APS.
Results  FC analysis revealed that human anti-β2GPI AAbs have the potential to induce 
increased formation of procoagulant (CD62p and PS double positive) PLTs compared 
to control (p-value 0.0026). Anti-β2GPI-AAb-induced procoagulant PLT formation was 
PLT Fc-gamma-RIIA (FcyRIIA)-dependent as specific FcyRIIA blockade resulted in a 
nearly complete inhibition of AAb-induced procoagulant PLT formation (p = 0.0161).
Notably, the prothrombotic PLT changes were not only of phenotypical nature, 
as the reconstitution of anti-β2GPI AAb-induced procoagulant PLTs into healthy 
whole blood resulted in formation of multicellular thrombus ex vivo (p = 0.0004). 
Interestingly thrombus formation was prevented when PLTs were pretreated 
with therapeutic doses of intravenous immunoglobulin G (IVIG) prior to an-
ti-β2GPI AAb incubation (p = 0.0018) (▶Fig. 1).

▶Fig. 1	 Ex vivo thrombus formation induced by Anti-β2-GPI anti-
body and inhibited with IVIG; Whole blood from healthy individuals 
was spiked with plasma that was preincubated with IgG isolates from 
healthy control, Anti-β2-GPI antibody (2.5 U/ml or 5 U/ml) or a mixture 
of antibody and IVIG. Samples were stained with DiOC6 and perfused 
through collagen coated microfluidic channels for 15 minutes at an 
arterial shear rate of 20 dyne. Images were acquired in the green fluo-
rescent channel (upper panel) as well as in the brightfield channel (lower 
panel). IVIG, Intravenous Immunoglobulin; GPI, Glycoprotein I.

Conclusion  Findings from our studies indicate that human anti-β2GPI AAbs 
have the potential to induce formation of procoagulant PLT phenotype that 
harbors dramatic prothrombotic potential. The observation that IVIG treatment 
could prevent anti-β2GPI AAb-mediated multicellular thrombus formation di-
rects towards a therapeutic potential of IVIG in the prothrombotic condition 
often observed in APS patients.
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Introduction  Coagulation is not only characterized by the clotting time. But 
also, amongst others, by the growth of the clot that is relevant for mural throm-
bi and obstruction of vessels. The growth is not observed in normal coagulation 
testing in a tube.
Method  The growth, layer by layer, can be studied in the thrombodynamics 
analyzer with the start of coagulation from immobilized tissue factor and video 
recording of fibrin formation. Commercially available plasmas were filtered or 
centrifuged to remove microparticles and inhibitors were from various com-
mercial sources.
Results  We tested the effects of the natural mechanism of damping coagula-
tion by activated protein C (inactivating cofactors V and VIII) and observed a 
delay in growth and eventually stop of growth.
Testing oral anticoagulation with vitamin K antagonists (Warfarin) or with hep-
arinoids (unfractionated heparin, LMW heparin such as Fragmin, Enoxaparin, 
Bemiparin, and Fondaparinux) showed for heparinoids a similar delay and stop 
of growth, but surprisingly for vitamin K antagonists a reduced but not a stop 
of growth. The stop was also induced by the irreversible inhibitor of factor Xa, 
GGACK. It is concluded that irreversible inhibition of factor Xa is effective in 
stopping clot growth.
Testing reversible inhibitors of factor Xa (Rivaroxaban, Apixaban, Edoxaban) 
and of factor IIa (Dabigatran, Argatroban) showed a maximal reduction of about 
50 % in growth for quite a prolonged time ( > 1 hr), but no stop. On the contra-
ry, irreversible factor IIa inhibition by hirudin showed a stop.
Potential effects of inhibitors of factor XIa were deduced from studies in factor 
XI deficient plasma, showing no stop of growth.
Reduction of growth by Xa-DOACs was counteracted by factor VIII and required 
a higher inhibitor at high factor VIII. The growth was found to be mediated by 
the intrinsic tenase complex (factor IX, factor VIII) which was inhibited in a 
clotting assay in plasma starting with factor XIa at 4x higher concentrations 
with Apixaban and Edoxaban than the clotting with the extrinsic tenase complex 
started with tissue factor. Factor VIII qualifies as antidote for the intrinsic acti-
vation route.
Conclusion  We concluded that the stop of coagulation, as with the natural 
protein C pathway, is only realized with treatment with heparinoids and irre-
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versible thrombin inhibition, but not with reversible inhibitors such as the 
DOACs for factor Xa or IIa, and not by Warfarin and factor XIa inhibitors.
As far as these in vitro, no flow experiments can be translated to in vivo effects, 
the consequences are that the reversible inhibitors are not complete inhibitors 
of coagulation events. The profile of the inhibitors may be used to match the 
clinical need and the pathological process.
The suggestion can be made that new Xa-DOACs may be selected to be more 
potent, tight inhibitors of the factor Xa formed by the intrinsic tenase (factor 
IX, factor VIII) which is involved in clot growth.
Conflict of Interest  none
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Introduction  Vaccine-induced thrombotic thrombocytopenia (VITT) is a rare 
but life-threatening prothrombotic syndrome observed in individuals following 
vaccination with vector-based SARS-CoV-2 (ChAdOx1 CoV-19) vaccine. Labo-
ratory findings indicate that VITT is caused by antibodies (Abs) that recognize 
specific heparin-independent epitopes on the endogenous chemokine platelet 
factor 4 (PF4) which results in the initiation of a multicellular driven prothrom-
botic condition and onset of thrombosis at unusual sites. Despite PF4 has been 
identified as the primary target of anti-PF4 VITT patient antibodies, a deeper 
understanding regarding the mechanisms of anti-PF4 VITT Ab-mediated pro-
thrombotic conditions is missing. In this study we investigate the regulatory 
and mechanistic role of PF4 in anti-PF4 VITT Ab-induced procoagulant platelet 
(PLT) and thrombus formation ex vivo.
Method  For the investigation of anti-PF4 VITT Ab-induced PLT alterations, a 
flow cytometry (FC)-based protocol was employed. To study the impact of VITT 
Ab-mediated PLT alterations on thrombus formation, a microfluidic ex vivo 
thrombosis model that utilizes tetra staining and multiparameter assessment 
of thrombus formation was developed.
Results  FC revealed that anti-PF4 VITT patient IgG induce significant formation 
of (CD62p/phosphatidylserine [PS] double positive) procoagulant PLTs in a 
PF4-dependent manner as increased CD62p and PS was only detected in the 
presence of PF4 and not in vehicle control (p = 0.0184). Additionally, PF4-de-
pendent VITT patient IgG-induced procoagulant PLT formation was detected 
to be strictly dependent on PLT Fc-gamma-RIIA as specific Fc-gamma-RIIA 
blockade via monoclonal blocking Ab IV.3 resulted in a nearly complete inhibi-
tion of anti-PF4 VITT IgG-induced procoagulant PLT formation (p = 0.0009). 
Most importantly, via the utilization of an ex vivo model of antibody-mediated 
thrombosis PF4 was revealed to be a key regulator of VITT patient IgG-induced 
thrombus formation. Of note, compared to vehicle control, only PLTs that were 
incubated with VITT patient IgG in the presence of exogenous PF4 and devel-
oped a procoagulant PLT phenotype showed the potential to induce significant 
multicellular thrombus ex vivo upon reconstitution into autologous whole blood 
and perfusion through the collagen coated microfluidic system(p = 0.0022). 
Interestingly, and of potential therapeutic interest, VITT Ab-mediated proco-
agulant PLT as well as increased thrombus formation were nearly completely 
prevented by the pretreatment of PLTs with the selective spleen tyrosine kinase 
(SYK) inhibitor Lanraplenib (p = 0.0199).

Conclusion  Taken together, our data indicate that PF4 is the key mediator of 
anti-PF4 VITT Ab-induced procoagulant PLT and thrombus formation ex vivo. 
The observation that SYK inhibition in PLTs via Lanraplenib prevents from VITT 
Ab-mediated prothrombotic conditions directs towards a therapeutic potential 
of SYK inhibitors in prothrombotic conditions observed in anti-PF4-mediated 
disorders.
Conflict of Interest  There are no potential conflicts of interest to declare.
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Introduction  Heparin-induced thrombocytopenia (HIT) is a serious adverse 
reaction to heparin. Heparin/PF4/IgG complexes have been reported to activate 
platelets, neutrophils, and possibly endothelial cells, resulting in thrombocy-
topenia, hypercoagulability and thromboembolic complications. While the 
impact of anti-PF4/heparin antibodies on blood cell activation has been exten-
sively studied, the role of endothelial cells in HIT-associated thrombosis remains 
underexplored. In particular, the interactions between HIT-induced procoag-
ulancy and endothelial cells under flow conditions is not completely elucidated. 
In this report, we investigated how HIT antibodies induce thrombosis in an 
endothelialized microfluidic system.

Method  Microfluidic channels were coated with monolayers of human umbil-
ical vein endothelial cells (HUVECs). Cells were primed with low-dose TNF-α, 
before perfusion with whole blood samples. Unstimulated or Thrombin Recep-
tor Activator Peptide 6 (TRAP-6) activated whole blood was perfused at a ve-
nous shear rate. The HIT-thrombosis model was established and tested utilizing 
monoclonal anti-PF4/heparin antibodies. In brief, whole blood was pre-incu-
bated with unfractionated heparin (UFH, 0.2 IU/mL or 100 IU/mL). Anti-PF4/
heparin antibodies were introduced to the whole blood mixture and incubated 
for 30 minutes at 37 °C, under rotation. Whole blood was recalcified and per-
fused over unstimulated or primed endothelial cells at a venous shear stress. 
Thrombus formation was recorded over time.

▶Fig. 1	 HIT-IgG together with prophylactic-dose heaprin induce 
thrombosis on pre-activated endothelial cells; Representative 
images of thrombi formed by whole blood incubated with HIT-IgG in 
absence and under 0.2 IU/mL unfractionated heparin (UFH). En-
dothelial cells were primed with TNF-α and perfused with whole 
blood under a shear stress of 10 dyn/cm2 for 10 minutes. Overlay of 
brightfield and fluorescent channel image. Platelets: green, Calce-
in-AM. Scale bar: 50 µm. [if !supportLineBreakNewLine]
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Results  The endothelialized microfluidic model successfully captures 
sub-thrombotic conditions under venous shear, activated platelets induced a 
procoagulant shift and three-dimensional thrombi. We applied our thrombosis 
model to investigate thrombus formation induced by HIT mimicking monoclo-
nal antibodies. We observed that the anti-heparin/PF4 antibody-dependent 
platelet activation predicts the thrombotic response in the microfluidic system: 
HIT antibodies in absence of heparin did not exert a prothrombotic effect on 
activated endothelial cells. Co-incubation with 0.2 IU/mL UFH induced throm-
bosis, embolization of thrombi and channel occlusion only when endothelial 
cells were primed with TNF-α. The pro-thrombotic effect of HIT antibodies was 
fully reversed at the super-therapeutic dose of 100 IU/mL UFH.
Conclusion  HIT antibodies induce thrombosis and embolization in a system 
emulating physiological environment. For the first time, we present a compre-
hensive thrombosis model that incorporates the enhanced thrombogenicity 
of HIT-mimicking antibodies in presence of heparin. We show that our throm-
bosis model incorporates both endothelial- and blood-based modulation of 
thrombosis. Primed endothelial cells and antibody-induced procoagulancy 
trigger thrombosis in a concerted fashion, allowing the investigation of under-
lying mechanisms and possible preclinical evaluation of potential inhibitors of 
HIT-thrombosis (▶Fig. 1, ▶Fig. 2).
Conflict of Interest  The authors declare no conflict of interests.
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▶Fig. 2	 HIT-IgG together with prophylactic-dose heaprin induce 
thrombosis on pre-activated endothelial cells; Maximal thrombus 
surface area coverage of TNF-α primed endothelial cells, perfused 
with unstimulated, TRAP-6 activated or HIT-like IgG/heparin chal-
lenged whole blood. HIT-like IgG did not increase thrombus forma-
tion in absence of heparin. Addition of low-dose heparin exerted a 
strong pro-thrombotic effect, that was fully reversible with a su-
per-therapeutic concentration of heparin (HIT-IgG vs. HIT-IgG + 0.2 
IU/mL UFH, Thrombus SAC in %, mean ± SD: 0.93 ± 0.82 % vs. 
11.10 ± 6.45 %, p = 0.0118, HIT-IgG vs. HIT-IgG + 100 IU/mL UFH: 
11.10 ± 6.45 % vs. 0.00 ± 0.00 %, p = 0.0066).

Introduction  Thrombin generation (TG) is required for fibrin formation, but 
the generated thrombin retains activity also after initial clot formation. Here, 
we present evidence that a substantial proportion of the generated thrombin 
serves to ensure the continued fibrin growth in plasma systems. This thrombin 
pool is fibrin-bound and temporarily protected against antithrombin inactivation.
Method  A novel nanobody Syn-Nb-AF106 (Nb106) was isolated from llamas 
injected with human clotting factor concentrate. Selection and characterization 
proved that Nb106 recognizes thrombin bound to fibrin but not fibrinogen. 
Calibrated thrombography was used for assessment of thrombin generation 
(TG) with tissue factor and collagen-related peptide (CRP, platelet glycoprotein 
VI agonist) using platelet-free plasma, platelet-rich plasma (PRP) and whole 
blood. Conventional Z-Gly-Gly-Arg aminomethyl coumarin (AMC) was used as 
thrombin substrate. Fibrin clot formation was evaluated from mechanical clot-
ting kinetics, turbidity assays, and scanning electron microscopy. Interference 
was tested of the fibrin modulators, GPRP, ancrod and protease III .
Results  In tissue factor-triggered TG,we discovered that Nb106 dose-de-
pendently reduced thrombin peak levels and endogenous thrombin potential 
(ETP) with > 50 %. We observed a similar reduction in human platelet-free plas-
ma, PRP and whole blood, independent of the trigger. Atypical control nanobodies 
did not alter TG parameters. In mouse PRP, Nb106 was most effective upon co-stim-
ulation with tissue factor and CRP. Mechanistically, Nb106 still suppressed TG in 
the presence of either GPRP (fibrin cross-linking inhibitor) or ancrod (serine pro-
tease, specifically cleaving fibrinopeptide A from fibrinogen). However, it did no 
longer affect TG parameters in the presence of protease III (serine protease cleaving 
the Bβ chain of fibrinogen, including fibrinopeptide B). This indicated that Nb106 
specifically targets a novel site thrombin-binding site on fibrin, which becomes 
exposed upon fibrinogen cleavage of fibrinopeptide A.
In fibrin clotting experiments, ancrod shortened the Ca2 + -dependent clotting 
time, whereas protease III prolonged it. Markedly, Nb106 failed to affect plas-
matic clotting times, but it significantly and strongly blocked plasma turbidity 
changes induced by tissue factor. Furthermore, brightfield and scanning elec-
tron microscopy revealed that Nb106 dose-dependently suppressed the later-
al and longitudinal fibrin fiber extension until complete inhibition, although 
non-fibrillar fibrin structures were still visible.
Conclusion  Collectivity, these data point to the existence of a pool of fi-
brin-bound thrombin , which is protected against antithrombin inactivation. 
The Nb106, by binding to the thrombin binding site on fibrin exposed by fibrin-
opeptide A cleavage, can replace this thrombin, and hence prevents the exten-
sion of fibrin fibers, to ultimately abrogate the clotting process.
Conflict of Interest  BdL JK, DH, FS, RdLK and MR are employees of Synapse 
Research Institute Maastricht, part of the Diagnostica Stago group, where PGdG 
and JWMH are advisors. SS and JZ are founded by the China Scholarship Council.
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Introduction  Cold agglutinin disease (CAD), a rare chronic autoimmune 
hemolytic anemia mediated by classical complement pathway activation, is 
associated with increased risk of thromboembolic (TE) events compared with 
the general population. Sutimlimab inhibits complement C1s, providing a ther-
apeutic approach for CAD. Here, we assess the TE events PRE- and ON-sutim-
limab treatment from the Phase 3 CARDINAL (NCT03347396) and CADENZA 
(NCT03347422) studies.
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Method  TE event analysis included participants who had initiated sutimlimab, 
had a CAD diagnosis date, and had a treatment start and end date. TE events 
recorded during the study were medically adjudicated before inclusion. 
ON-sutimlimab events include all events from treatment initiation until 17 days 
post last dose of sutimlimab. PRE-sutimlimab and ON-sutimlimab follow-up 
times were matched for each patient.
Results  66 participants (24 from CARDINAL and 42 from CADENZA), were 
included in this analysis (▶Fig. 1). The median (min, max) follow-up time in 
each period was 1.8 (0.1, 3.4) years (▶Fig. 2). In the PRE-sutimlimab period, 
the TE incidence rate was 7.5 per 100 patient-years compared to 4.4 ON-sutim-
limab (p = 0.3056). TE events in the ON-sutimlimab period included cerebral 
venous sinus thrombosis (CVST) (n = 1), device-related thrombosis (n = 1), pe-
ripheral artery thrombosis (n = 1), transient ischemic attack (TIA) (n = 1), and 
deep vein thrombosis (n = 1). CVST and peripheral artery thrombosis were 
reported as serious events, and all other events were reported as nonserious. 
Only the CVST was assessed as related to sutimlimab by the investigator; sutim-
limab was temporarily interrupted due to the event. Of the participants that 
experienced a TE event in the ON-sutimlimab period, 4/5 had a history of TE 
risk factors and of those, 1 had a confirmed previous TIA.

▶Fig. 1	   Summary of Baseline Characteristics of Patients That Met 
the Inclusion Criteria for the Post-hoc Analysis by Matcheda Throm-
boembolic (TE) Events After Treatment in the CARDINAL and CADEN-
ZA Studies

Conclusion  Analysis of matched adjudicated TE events from the CARDINAL 
and CADENZA studies suggests a trend toward a reduced risk of TE ON-sutim-
limab compared to the PRE-sutimlimab period in this medically complex CAD 
cohort.
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Introduction  Platelets are primarily known for their function in hemostasis. 
However, they also play a role in the field of immunology. When inflammatory 
or thrombotic processes occur in the body, platelets can form aggregates (PLA) 
with leukocytes. A distinction can be made between platelet-neutrophil aggre-
gates (PNA) and platelet-monocyte aggregates (PMA). The occurrence of PLAs 
has been frequently studied in inflammatory disease patterns and has already 
been considered as potential biomarkers for e.g. chronic obstructive pulmonary 
disease, consumptive coagulopathy, or sepsis.

▶Fig. 2	   Summary of Matcheda Adjudicated Thromboembolic (TE) 
Events for CARDINAL and CADENZA Studies
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Patients with a left ventricular assist device (LVAD) often suffer from infections 
due to immunosuppression and the exit site of the driveline. In addition, plate-
lets are subjected to higher shear stress by the pump, which may lead to plate-
let activation and consequently to the formation of PLAs. Therefore, this study 
investigated the extent to which shear stress alone may contribute to the for-
mation of PLAs.
Method  D-Phenylalanyl-L-prolyl-L-arginine chloromethyl ketone (PPACK) an-
ticoagulated blood was collected from healthy donors and patients with an 
LVAD. For part of the experiments a platelet inhibitor was added to the blood 
of the donors 15 min before shear stress exposure. Whole blood (from donors) 
was pumped at a defined shear rate through a PDMS-glass-based flow chamber 
(height 100 µm, width 1000 µm, length 5 cm, with or without a 75 % stenosis), 
applying a defined shear stress to the cells. After shear stress exposure, PLA, 
PNA and PMA were determined by flow cytometry.
The study received a positive vote from the ethics committee (AZ: 2022-1015).
Results  The formation of cell aggregates in the flow chamber model without 
stenosis showed a significant increase exclusively for the formation of PMAs. 
When 75 % stenosis was present in the model, increased levels of PLA, PNA, and 
PMA were measured. The values were increased at both the lower and higher 
shear rates relative to the control. However, no significant difference was ob-
served between the lower and higher shear rates.
Increased levels of PLAs could be measured in the patient samples compared 
to control samples.
Conclusion  It could be shown here that an increased shear rate can contribute 
to the formation of PLAs in general. Thereby, not the absolute level of the shear 
rate but an acceleration in the flow system seems to be decisive. Increased 
levels of PLAs were also measured in the patients with implanted LVAD. Because 
PLAs also have a prothrombotic effect, the detection of PLAs in this patient 
population could be a marker for an increased risk of thrombosis. Whether there 
is an association between elevated PLAs and thromboembolic events in these 
patients needs to be explored in further studies.
Conflict of Interest  Ingvild Birschmann received speaker’s honoraria from 
Bristol-Myers Squibb/Pfizer, CSL Behring, LFB biomedicaments, Octapharma 
AG and Siemens Healthcare and performed contract research for Siemens 
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Introduction  Platelets mediate adhesion and aggregation via membrane gly-
coproteins such as Integrin αIIbβ3. Formation of GPIIbIIIa-enriched mem-
brane-protrusions (Tether) is a new characteristic of human platelets and has 
been previously found in patients with an increased risk for thrombosis (e.g. 
patients with myeloproliferative diseases) [1]. Tethers in humans are compa-
rable to Platelet-derived Integrin & Tetraspanin-rich Tethers (PITTs) described 
in mouse models in response to anti-platelet antibodies [2]. So far it is still 
unknown whether this alteration is exclusively observed under special patho-
logical conditions or may be found in a broader spectrum of diseases or even 
in healthy individuals. We assessed the presence of tethers in different groups 
of patients and healthy controls.
Method  We analyzed blood smears from a representative cohort of 388 in-hos-
pital patients from more than 10 departments. Healthy blood donors (n = 261) 
served as control group. Blood smears were aceton fixated, labeled with a GPII-
bIIIa-antibody (Clone Gi5) and stained with an Alexa Fluor-488 conjugated 

secondary antibody. Two observers assessed at least 10 fields of view of  
each slide by immunofluorescence microscopy. Presence of tethers was docu-
mented according to different morphological categories (e.g. length and  
distribution).

Results  Male and female patients were evenly included in the cohort (205 and 
179, respectively) and the mean age was 64.6 years. Tethers were found in 
11.3 % of all screened patients and more often in females (15.1 % vs 8.3 %). 
Tethers were more frequently detected in patients from intensive care units 
(27 %) and patients from internal medicine, especially gastroenterology/rheu-
matology (34.5 %). In comparison, tethers were observed in less than 15 % of 
healthy individuals (mean age 41.4 years, 59.8 % male). However, most tethers 
where short and observed in less than 10 % of platelets (▶Fig. 1).
Conclusion  Glycoprotein IIbIIIa-enriched membrane protrusions of platelets 
are a new phenomenon that can be found in a broader spectrum of hospitalized 
patients. The prevalence is higher in patients with greater risk for thrombosis 
and infections especially in intensive care unit patients and patients with gas-
troenterological disease.
Conflict of Interest  No conflict of interest
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Introduction  Fat embolism syndrome (FES) is a life-threatening complication 
of traumatic bone fractures or orthopaedic procedures, such as intramedullary 
nailing, with a mortality rate of close to 10 %. Thrombo-inflammatory reactions 
are triggered by fat released from the bone marrow, which enters the circulation 

▶Fig. 1	   Percentage of tether-positive individuals and their distri-
bution between different departm
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and eventually causes fatal obstruction in the pulmonary microvasculature. 
The disease mechanisms and rational therapy of FES remain elusive.
Method  Lipid-mediated cleavage of the factor XII-driven plasma contact sys-
tem was analysed by Western blotting and chromogenic assays. Intrinsic co-
agulation activation was assessed with calibrated automated thrombinography 
and recalcification clotting time analysis in normal and contact system pro-
tein-deficient plasma. A mouse model for lethal pulmonary embolism triggered 
by bone marrow-derived lipids was established and lipid-triggered thrombosis 
was studied by histochemistry and immunofluorescence analysis.
Results  Lipids isolated from human and bovine bone marrow activated the 
factor XII-driven plasma contact system in human plasma in a concentration- 
and time-dependent manner. Fluorogenic real-time thrombin generation and 
recalcification clotting time assays demonstrated lipid-stimulated coagulation 
activation in plasma and whole blood samples through activation of FXII. Phar-
macological inhibition and genetic targeting of the contact system proteases 
factor XII and kallikrein abolished plasma clotting in vitro. Anionic polyphos-
phate bound to lipids induces factor XII contact activation. Conversely, diges-
tion of lipid-bound polyphosphate by an exopolyphosphatase abrogated the 
potential of lipids to activate factor XII and the contact system. Exopolyphos-
phatase-treatment also blunted lipid-stimulated thrombin generation. Intra-
venous injection of bone marrow-derived lipids led to lethal pulmonary embo-
lism in wild-type mice. In contrast, mice with genetic deficiency in F12 or its 
substrate F11 were protected from occlusive thrombus formation upon bone 
marrow-derived lipid infusion. Immunostaining of post mortem lung tissue 
from FES patients revealed activation of factor XII in close proximity to lipid 
deposits in the pulmonary vasculature.
Conclusion  The data identify the pathomechanism underling FES. Bone mar-
row-derived lipids activate the factor XII-driven contact system in vitro and in 
vivo in a polyphosphate-dependent manner. Consequently, blocking the 
polyphosphate/ factor XII axis might be a promising therapeutic strategy for 
interference with FES.
Conflict of Interest  The authors declare that there is no conflict of interest.
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Introduction  Managing patients with suspected heparin-induced thrombo-
cytopenia (HIT) remains a major clinical challenge. Knowledge of the effects of 
management decisions on clinical outcomes is sparse and treatment recom-
mendations are often based on low certainty. In a prospective multicenter 
cohort study, we studied the treatment and outcomes of patients with suspect-
ed HIT.
Method  We included consecutive patients with suspected HIT and report  
the outcomes of (a) patients with HIT, (b) patients without HIT but positive 
heparin/PF4 antibodies, and (c) patients without HIT. Comprehensive clinical 
and laboratory data were collected in detail and the washed-platelet heparin- 
induced platelet activation test (HIPA) served as the reference standard test 
defining HIT.

Results  Among 1393 patients included in 11 study centers (46 % female,  
median age of 67), HIT was confirmed in 119 patients (prevalence 8.5 %). The 
setting was intensive care unit (37 %) and cardiac surgery (32 %) in the majori-
ty of patients. The predominant treatment was argatroban (70 %), and com-
plete platelet recovery was observed in 77 % of HIT patients. Of the patients 
with HIT, 23 % developed subsequent venous thromboembolism (TE), 9 %  

▶Fig. 1	 Graphical abstract; From 1393 patients with suspected 
HIT from 11 study centers 119 (8.5 %) were HIT positive. Eighteen 
percent of HIT patients died during follow up. Alternative anticoagu-
lants mainly reduced the risk of aterial thrombembolism (TE) in HIT 
patients. Of the 1274 patients without HIT 73 (5.7 %) had a positive 
heparin/pf4 (H/PF4)-CLIA. However, there was no difference in out-
comes between patients with and without H/PF4-CLIA. Argatroban 
was associated with higher rates of venous and aterial TE in HIT 
negative patients.
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arterial TE, and 18 % died. Major bleeding occurred in 13 % of HIT patients and 
did not differ significantly between drugs. Treatment with argatroban, bivali-
rudin or DOAC markedly reduced the risk of subsequent arterial TE. HIT-nega-
tive patients with and without H/PF4 antibodies did not differ with regard to 
any outcome (Graphical abstract) (▶Fig. 1).
Conclusion  Our results indicate that HIT is still a serious disease with a high 
risk of major adverse events. In the absence of randomized controlled trials, 
our results add further evidence on the effectiveness of DOAC, argatroban, and 
bivalirudin treatment.
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Introduction  Exercise training in patients with atherosclerotic vascular disease 
in general and coronary artery disease (CAD) in particular has been shown to 
reduce recurrent cardiovascular events, improve quality of life and exercise 

capacity. However, it seems to have also transient unfavourable consequences 
such as vascular dysfunction, increased inflammation and increased coagula-
tion. Moderate intensity continuous protocols (MICT) are widely used, high 
intensity interval protocols (HIIT) while more effective, are perceived as having 
a higher risk of adverse events. Haemostatic derangements in particular may 
have an important role in recurrent cardiovascular events in these patients.
We aimed at investigating the effects of HIIT in comparison to MICT on haemo-
stasis appraised by the overall haemostatic potential in patients with CAD.
Method  Patients after acute myocardial infarction were randomized into HIIT 
or MICT group. The study was conducted in accordance with the Declaration 
of Helsinki (1964) and approved by the National Medical Ethics Committee 
(approval number 0120-77/2020/3).
Patients had three blood samples drawn: before the exercise (T0), after the 
exercise (T2) and one hour after the exercise (T2). Overall haemostatic poten-
tial (OHP), overall coagulation potential (OCP) and overall fibrinolytic potential 
(OFP) were measured.
Between-group differences were assessed by t-test for normally distributed 
variables and proportions were compared using the χ2 test. Mixed effects lin-
ear models were constructed to assess the effects of exercise on haemostatic 
measures, with fixed effects [1–5].
Results  A total of 117 patients were included. Baseline characteristics are list-
ed in ▶Fig. 1. We found a significant increase in OCP, OHP, and a significant 
decrease in OFP after exercise. The values of all measured biomarkers returned 
to baseline after a one-hour rest in both groups. To compare the effect of HIIT 
and MICT on coagulation parameters a linear mixed model for repeated meas-
urements was constructed (random effects: subjects; fixed parameters: repeat-
ed measurements of coagulation parameters, exercise type; covariates: and 
gender, age). Time (before exercise training, immediately after exercise train-
ing and one hour after exercise training) was found to be significant for all 
measurements while there was no treatment effect for OCP, OHP and OFP 
(▶Fig. 2).

Conclusion  Our study has shown that exercise training is associated with a 
procoagulant imbalance in haemostasis in patients with CAD. However, no 

▶Fig. 1	   Baseline characteristics; HIIT – high intensity interval 
training, MICT – moderate intensity interval training. * values repre-
sented as number ( %); *  * values represented as mean (standard 
deviation).

▶Fig. 2	   Coagulation parameters; HIIT – high intensity interval 
training, MICT – moderate intensity interval training, OCP – overall 
coagulation potential, expressed as abs-sum, OHP – overall hemo-
static potential, expressed as abs-sum, OFP – overall fibrinolytic 
potential, expressed as %.

S21



Hämostaseologie 2024; 44: S1–S125 | © 2024. Thieme. All rights reserved.

Abstracts

difference was found between HIIT and MICT, suggesting that both exercise 
methods are equally safe.
Conflict of Interest  The authors have no conflict of interest.
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Introduction  The treatment of cardiogenic shock is a challenge of modern 
medicine. Anticoagulation drugs such as unfractionated heparin or low molec-
ular weight heparins are the most common drugs used in cardiogenic shock to 
prevent thromboembolic complications. Despite years of experience with these 
substances, there is a lack of data on the effects of anticoagulation strategies 
with heparins on the occurrence of thrombocytopenia in the acute phase of 
cardiogenic shock. This study investigated the occurrence of thrombocytope-
nia in patients with cardiogenic shock depending on therapeutic strategies with 
plasmatic anticoagulation.

Method  We reviewed the retrospectively collected data patients admitted to 
our hospital (2019-2023) with cardiogenic shock. Some patients were treated 
using extracorporeal life support systems (ECLS). All patients received antico-

▶Fig. 1	   Overall mean platelet count Day 1-5

agulation therapy with unfractionated or low molecular heparin: the patients 
with ECLS or other indications for therapeutic anticoagulation with therapeutic 
dosage, all other patients with prophylactic dosage. Thrombocyte count in day 
1 to day 5 was evaluated during hospitalization.

Results  The study population consists of 97 patients with infarct-related car-
diogenic shock. Of these, 53 (54.6 %) were admitted with an ST-elevation my-
ocardial infarction, 44 (45.4 %) with a non-ST-elevation myocardial infarction 
or malignant cardiac arrhythmias leading to cardiogenic shock. All patients had 
coronary artery disease and were treated emergently using revascularization 
strategies. Approximately 75.2 % of patients (73 patients) survived out-of-hos-
pital cardiac arrest on admission. The overall in-hospital mortality rate was 55 %. 
The mean duration of ECLS therapy was 49.8 hours (95 % CI 33.6 to 66.0). The 
overall mean platelet count at admission was 237 x 103/µl (95 % CI 221 to 253 
x 103/µl). A drop of platelet count occurred in all patients with cardiogenic 
shock, but this was significantly more pronounced in the ECLS group (36 % of 
the study population) than in patients without ECLS (on day 3: 144 vs. 192 x 
103/µl, p < 0.0001 and on Day 5 90 vs. 153 x 103/µl, p = 0.0014). Comparison 
of conservative patient groups with prophylactic and therapeutic anticoagu-
lation (37 % and 27 % of the study population) showed no significant differenc-
es in platelet counts over 5 days after admission (▶Fig. 1, ▶Fig. 2).
Conclusion  Thrombocytopenia is common in cardiogenic shock and occurs more 
frequently in patients with ECLS treatment than with conservative treatment. Ther-
apeutic anticoagulation alone has no significant effect on platelet counts.
Conflict of Interest  The Authors declare no conflict of interests.
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Introduction  The multimeric glycoprotein von Willebrand factor (VWF) is a 
highly adhesive protein, found in the bloodstream [1]. At sides of vascular in-
jury, VWF is subjected to elevated hydrodynamic forces, leading to the activa-
tion of VWF’s A1 domain, initiating primary hemostasis via binding to platelet 
GPIbα. Later on, the thrombus is further stabilized by crosslinking of platelet 
receptor GPIIb/IIIa with VWF – via its C4 domain – and fibrin [2].
Recently, VWF gain-of-function (GOF) variants were identified exhibiting an 
increased prothrombotic potential [3]. For example, Huck et al. characterized 
variant p.Pro2555Arg, located in the C4 domain, which exhibits increased 
VWF-platelet-complex size at the same critical shear rate as wildtype (wt)VWF. 
The GOF effect was hypothesized to be induced by a decreased reformation 
rate of the closed stem conformation within VWF dimers [4].

▶Fig. 2	   Platelet count in subgroups Day 1-5
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Method  We performed conformational studies using atomic force microsco-
py (AFM) imaging of different recombinant VWF dimer and multimer con-
structs. The proteins were immobilized in a near physiological buffer on a po-
ly-L-lysine functionalized mica surface and dried by a gentle stream of nitrogen.
AFM imaging in air was performed to analyze the distribution of VWF stem 
conformations employing a NanoWizard®​ ULTRA Speed 2 (JPK, Bruker) and MFP3D 
(Asylum Research) in tapping mode with silicon nitride probes. The resulting height 
profiles were evaluated by measuring the stem length and the distance between 
the CK domain and the abrupt increase in height of the N-terminal domains to 
normalize the length of the closed stem. Based on the stem conformation distri-
bution and the statistical analysis, three groups of conformations were determined. 
The initial tertial of the normalized stem length distribution was defined as ful-
ly-opened. Closed stem segments with a minimum length of 80 % relative to the 
normalized full stem length were considered to be fully-closed. The length distri-
bution in between was classified as flexible intermittent.
Results  AFM imaging revealed for wtVWF that 14 % of the stems were present in 
a fully-opened conformation while 52 % exhibited a flexible intermittent confor-
mation and 33 % were fully-closed. In contrast, p.Pro2555Arg dimers showed 36 % 
fully-opened, 33 % flexible intermittent and 31 % fully-closed stems. The full-length 
multimeric variants exhibited a similar tendency: within the multimers, wtVWF 
and p.Pro2555Arg exhibited 20 % and 36 % fully-opened stems, respectively.
Conclusion  In this study, we used AFM imaging to visualize and analyze the 
structural variation of stem conformations in wtVWF and p.Pro2555Arg. The 
results of this analysis support the hypothesis that p.Pro2555Arg stems are 
more prone to an open confirmation. This effect was observed in isolated di-
mers as well as in dimers within multimers. If this effect can also be observed 
in additional, newly identified, GOF variants is subject of an ongoing study.
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Introduction  Patients with end-stage kidney disease (ESKD) on hemodialysis 
(HD) have a high risk for bleeding complications. The tendency of bleeding 

events in ESKD patients is multifactorial and influenced by impaired plate-
let-vessel wall interaction, dysfunctional platelets, and treatment like antico-
agulation therapy. Telomere length is a recognized surrogate parameter for 
biological and early vascular aging. Healthy persons have a chronological 
age-dependent telomere length approximately between 5 to 15 kb per diploid 
cell. Our aim is to elucidate the role of bleeding in association with biological 
aging, expressed by telomere length.
Method  The Vienna Investigation of Atrial Fibrillation and Thromboembolism 
in Hemodialysis (VIVALDI) study is a prospective population-based cohort study 
of prevalent HD patients. Adult patients were recruited and followed-up for a 
maximum of 1350 days during which the occurrence of major bleeding events 
was recorded. The VIVALDI study was approved by the local ethics committees 
and all patients consented to participate in written form. The DNA from whole 
blood, sampled at baseline, was isolated and analyzed for average telomere 
length via qPCR-based method. The risk of major bleeding occurrence was 
calculated using competing risk regression with consideration of the compet-
ing endpoint all-cause death.
Results  In 308 patients (193 males (62.7 %) and 115 females (37.3 %)) with ESKD 
and a median age of 67 years (25th to 75th percentile 56.4-76) years, the median 
telomere length was 1.51 kb (25th to 75th percentile (0.60 to 3.18kb). Major 
bleeding events occurred in 39 patients (incidence rate 5.7 per 100 patient-years). 
There was no relevant correlation between telomere length and chronological age 
(correlation coefficient of -0.117, p = 0.040). Per 1kb increase in telomere length, 
the risk of major bleeding occurrence increased by 9 % (SHR 1.094, 95 % confidence 
interval 1.021-1.172, p = 0.011) in a multivariable competing risk regression mod-
el adjusted for age, BMI, and anticoagulation use (▶Fig. 1). Compared to patients 
in the quartile with the shortest telomere lengths, patients in the second quartile 
had a 3.3-fold increased risk of major bleeding (95 % CI 1.02-10.56, p = 0.046), 
patients in the third quartile had a 3.4-fold increased risk (95 %CI 1.09-10.77, 
p = 0.036), and patients in the fourth quartile had a 3.1-fold increased risk of major 
bleeding (95 %CI 0.98-10.1, p = 0.053) (▶Fig. 2).

▶Fig. 1	   Competing risk regression model of major bleeding risk 
occurrence

▶Fig. 2	   Cumulative probability of major bleeding occurrence 
according to quartile of telomere leng
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Conclusion  In a cohort of patients with ESKD on HD and overall short telomere 
lengths, the risk of major bleeding increased with increasing telomere lengths.
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Introduction  Platelets are the most fragile components of hemostasis in car-
diac surgery with cardiopulmonary bypass (CPB).
Contemporary cell-salvage technology can preserve not only red blood cells 
(RBC) but also platelets in platelet-rich plasma (PRP) sequestration during com-
plex surgical procedures. We tested the presevation of platelet functions during 
and after PRP sequestration.

Method  We obtained informed consent and local ethic commitee approval. 
In 15 elective adult patients (13 male, 2 female, average age 68 years) sched-
uled for complex cardiac surgery surgery (aortic, combined and redo, with 
average CPB time 135 min, cross-clamp time 96 min) with preoperative hae-
matocrit > 0,35 we performed RBC and PRP sequestration (800 ml preoperative 
autologous blood was processed). Standard mild hypotermic CPB with centrif-
ugal pump, biocompatible surface – X- coating, heparin dose 3mg/kg and 
protamin reversal 1:1 was used. All the patients were treated with tranexamic 
acid 30mg/kg i.v. before surgery and 15mg/kg into the CPB priming volume.
The Sorin X.tra®​ cell-saver (175 ml Latham bowl, 2 port system, CPDA bags, 
prime flow 100 ml/min, PRP spill volume 60 ml/min, spill flow 20 ml/min) was 
used. PRP was re-transfused immediately after the end of CPB, RBC according 
to the hemoglobin level at the end of surgery or in ICU. Platelet count and 
optical aggregometry (aggregation induced by ristocetin, epinephrin, ADP and 
collagen) before procedure, in processed plasma, at the end of surgery and 
after PRP retransfusion were assessed. Thromoelastographic parametres (TEG 
5000) were assessed before and after CPB. Transfusion therapy was provided 
by the TEG – guided algorithm.

▶Fig. 1	   Aggregation in PRP

Results  The average amount of autologous blood processed was 874 ± 76ml, 
the average re-transfused PRP volume 538 ± 57 ml. The average blood loss 
during the 24 hour period was 676 ± 281 ml. Reexploration due to haemorrhage 
occurred in 3 patients. Transfusion with FFP was required in 5 cases (range 2 to 
6 units), and with RBC in 4 cases (range 2 to 6 units). No platelet transfusions 
were required. PCC was used in 3 patients, fibrinogen in 1 case. TEG parameters 
did not differ between the groups. The mean (SD) platelet count before surgery 
was 187 (35), in PRP 113 (36), after PRP transfusion 126 (31), and after surgery 
122 (35) x 109/L. There were statistically significant decreases of collagen-, 
ADP- and epinephrine-mediated, but not ristocetin-mediated aggregation 
(97 % of baseline) in PRP compared with the pre-CPB sample. The partial resto-
ration of aggregation after PRP retransfusion was assessed.(median reactivity: 
collagen 33 to 29 %, ADP 68 to 73 %, ristocetin 97 to 87 %,and epinephrine 19 
to 18 % of baseline) [1–2] (▶Fig. 1, ▶Fig. 2).
Conclusion  PRP sequetrastion is a safe method. It preserved platelet count 
and ristocetin-mediated pletelet aggregation, and partially restored other ac-
tivator- mediated aggregation after CPB.
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Introduction  ECMO is a life-saving rescue therapy in patients with ARDS. 
Bleeding and thrombosis are major complications that are associated with bad 
outcome. Platelets, the key mediators of hemostasis, can sense matrix proteins 
like collagen or von Willebrand factor (vWF) by surface receptors like GPIb/V/
IX causing activation of integrin GPIIb/IIIa, release of internal stored α-/δ- gran-
ules, aggregation and lastly thrombus formation. Recent studies have deci-
phered a yet unexpected function of GPV, a subunit of the vWF receptor. 
Thrombin can cleave GPV and release its soluble (s)GPV ectodomain, which 
finally blocks thrombin activity and fibrin formation. Antibody mediated tar-

▶Fig. 2	   Aggregation after PRP re-transfusion

S24



Hämostaseologie 2024; 44: S1–S125 | © 2024. Thieme. All rights reserved.

geting of GPV was shown to be a powerful strategy in reverting a bleeding 
phenotype. In this study we wanted to assess whether ECMO has a specific 
impact on platelet reactivity including the GPV–sGPV axis.
Method  36 patients with ARDS were recruited (n = 13 ECMO vs. n = 23 non-EC-
MO patients). Blood was withdrawn at 3 time points (t1 = day 1-3; t2 = day 4-6; 
t3 = day 7-14 after cannulation/study inclusion) and compared to controls. We 
assessed platelet phenotype and function using flow cytometry. δ-granule 
release was assessed by flow cytometry using a kinetically resolved mepacrine 
assay, the δ-granule count by whole mount-transmission electron microscopy 
(WM-TEM) and the in vitro bleeding time by PFA-200.
Results  GPIIb/IIIa activation and CD62P neo-exposition in response to ADP, 
TRAP-6 or CRP-XL were reduced in all patients independent of ECMO. We found 
no differences in the t-SNE-based platelet supopulation analysis after automat-
ed clustering between cohorts. During the course of ECMO treatment, uptake 
and TRAP-6-induced release of mepacrine continuously decreased (mean Ge-
oMFI ECMO t1: 37.2 vs t3: 15; p < 0.05), while we observed no differences with-
in follow-up measurements in non-ECMO patients. Concomitantly, δ-granule 
number per platelet continuously decreased during the course of treatment, 
which was associated with a prolonged in vitro bleeding time assessed by PFA-
200. The expression of the vWF receptor subunits GPIX and GPIb remained 
overall unaltered, but GPV expression was decreased by 21 % in ECMO compared 
to non-ECMO patients. Plasma sGPV levels were selectively increased in ECMO 
patients, suggesting increased shedding in response to the extracorporal de-
vice. Decreased sGPV levels were strongly associated with patient survival 
(ECMO survivor: 0.042; non-survivor: 0.016 p < 0.05), implying an adverse ef-
fect of sGPV for device-related hemostatic alterations.
Conclusion  Agonist induced GPIIb/IIIa activation was markedly impaired in 
ARDS patients regardless of the use of ECMO. We found a specific paucity of 
platelet δ-granules in ECMO, implying a device-induced δ-storage pool defi-
ciency. This the first study to show pronounced GPV downregulation and con-
comitantly increased plasma sGPV in ECMO patients which was associated with 
survival, suggesting therapeutic targeting of GPV shedding in ECMO patients.
Conflict of Interest  The authors declare no conflict of interest.
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Introduction  Hemostatic imbalances are frequent in patients with cancer. 
While thrombotic complications have been extensively studied, less is known 
about baseline bleeding risk and risk factors for bleeding. To allow for a person-
alized risk-assessment balancing the risk of thrombotic complications and 
bleeding in patients with cancer, more knowledge on bleeding risk is needed.
Method  We aimed to investigate bleeding events and risk factors for bleeding 
in a prospective cohort study including patients with cancer initiating system-
ic anti-cancer therapies. Bleeding events were classified according to the ISTH 
definition as major bleeding (MB) and clinically relevant non-major bleeding 
(CRNMB) and the composite outcome of both (clinically relevant bleeding, CRB) 
was used as the outcome of interest as well. All cause-mortality was considered 
a competing event and therefore competing risk analyses were performed.

Results  In total, 791 patients (median age [interquartile range, IQR]: 63 [54-
70] years) were included, of which 48 % were female. During a median follow-up 
time of 19 months (IQR: 8.9-27.9), 366 (46.3 %) patients died. Hundred-twen-
ty patients (15.2 %) were under therapeutic anticoagulation and 124 (15.7 %) 
patients received anti-platelet therapy at study inclusion. We observed 310 
bleeding events of any type in 228 patients. Seventy patients (8.8 %) experi-
enced a MB, 87 (11 %) a CRNMB, and 106 (13.4 %) a minor bleeding. In total, 
this translated to 140 (17.7 %) first CRB and 70 (8.8 %) first MB events that were 

▶Fig. 1	   Cumulative risk for major bleeding (MB) and clinically 
relevant bleeding over 24 months of CRNMB – clinically relevant 
non-major bleeding

▶Fig. 2	   Landmark analysis of overall survival according to the 
occurrence of clinically relevant b Predicted survival times are dis-
played stratified by the occurrence of CRB within 30 days after study 
inclusion.
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used for further analyses. The 6-month cumulative CRB incidence was 9.9 % 
(95 % confidence interval [CI]: 7.8-12.2) and the 6-month MB incidence was 
5.1 % (95 % CI: 3.4-6.7) (▶Fig. 1). Low hemoglobin (SHR per doubling of hemo-
globin: 0.55, 95 % CI: 0.31-0.98), and albumin (SHR per doubling of albumin: 
0.28, 95 % CI: 0.11-0.71) at study inclusion as well as head & neck cancer (SHR 
head & neck cancer versus others: 2.38, 95 % CI: 1.46-3.88) were associated 
with increased bleeding risk in patients without anticoagulation. We observed 
6 (4.3 %) fatal bleedings and furthermore, the occurrence of CRB was associat-
ed with an increased risk of all-cause mortality (age, sex, stage, and tumor catego-
ry adjusted transition hazard ratio [THR]: 5.80; 95 % CI: 4.53-7.43; ▶Fig. 2: land-
mark analysis of overall survival according to the occurrence of CRB within  
30 days of observation).
Conclusion  Bleeding events are frequent in unselected patients with cancer. 
Low hemoglobin and albumin, and head & neck cancer were associated with a 
higher risk of bleeding in patients receiving no anticoagulation. Furthermore, 
bleeding events are associated with a poor overall-survival in this patient  
cohort.
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Sankyo, Roche and honoraria for lectures, consultation or advisory board par-
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dipharma, Roche, BMJ Journals, MedMedia, Astra Zeneca, AbbVie, Lilly, Meda-
head, Daiichi Sankyo, Sanofi, Merck Sharp & Dome, Tocagen, Adastra, Gan & 
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Introduction  The risk of thrombotic events in myelofibrosis (MF), compared 
with patients with other myeloproliferative neoplasms (MPN), has been under-
estimated for a long time. Patients with MF are rarely studied as separate in 
most cases small cohorts. We sought to independently explore potential mo-
lecular risk factors for venous (VTE) and arterial (ATE) events in a substantial 
cohort of MF patients.
Method  Monocentric retrospective data of 122 MF patients were analyzed. 
27 (22.1 %) patients had prefibrotic MF, 69 (56.6 %) – overt MF, and 26 (21.3 %) 
had secondary MF. All patients were tested for driver mutations (JAK2-V617F, 
CALR, and MPL). JAK2 allele burden was evaluated in 57/69 mutated patients. 
Non-driver mutations were analyzed by next-generation sequencing. The pri-
mary outcome was the occurrence of a thrombotic event, acute leukemia 
transformation, or death at any time.
Results  The median age at diagnosis was 62 years (range, 26-82), 55.7 % of 
patients were male. The median follow up was 4.75 years. Nine (7.4 %) patients 
had prior thrombosis: history of ATE had 3 of them, prior VTE – 4, both – 2. At 
the time of the diagnosis of MF and during follow-up, 14 (11.5 %) patients had 
ATE, 22 (18 %) had VTE, and 2 patients had both. Driver mutations: 68 (55.7 %) 
patients showed a JAK2V617F, 39 (32 %) CALR, and 4 (3.3 %) MPL mutation. Oth-
er patients were triple negative or had a combined mutation (n = 3). The me-
dian JAK2 allele burden was 38 % (range, 0.28-96). In total, 92 mutations of these 
genes were found: ASXL1 (n = 29), DNMT3A (n = 11), TET2 (n = 25), IDH2 (n = 2), 
SRSF2 (n = 5), SF3B1 (n = 10), and U2AF1 (n = 10). A significant association be-

tween JAK2 mutation (OR 2.49, 95 % CI 1.11-5.59) and an increased risk of ve-
nous, but not arterial, thrombotic events was found. The JAK2 allele burden did 
not impact the risk of VTE. Patients with co-occurrence of JAK2 and TET2 or JAK2 
and ASXL1 mutations did not have a higher risk of VTE (p = 0.22 and p = 0.42, 
retrospectively). The multivariable analysis showed a significant association 
between a DNMTA3 mutation (OR 5.2, 95 % CI 1.3-21.5) and increased risk of 
ATE [1–4].
Conclusion  Arterial and venous thrombotic events had different molecular 
risk factors in patients with myelofibrosis in this cohort. JAK2 mutation was 
associated with an increased risk of venous thrombosis. Patients have also a 
high risk of VTE even if they carry a low JAK2 allelic burden. DNMT3A mutation 
showed an independent effect on the risk of arterial thrombosis. Despite the 
small number of patients with non-driver mutations, these findings warrant 
consideration of arterial and venous thrombosis separately for future risk strat-
ification and preventive treatment recommendations in patients with MF.
Conflict of Interest  None
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Introduction  Cancer is associated with an increased risk of venous thrombo-
embolism (VTE), which is in part attributable to systemic cancer therapies. 
Immune checkpoint inhibitors (ICIs) have changed the treatment landscape in 
oncology but their impact on VTE risk is still debated.
Method  We assessed VTE risk in a single-center prospective cohort study in-
cluding patients with cancer initiating systemic anti-cancer therapies and com-
paring the risk of VTE between patients receiving different types of therapy. 
Patients recruited between July 2019 and April 2023 were included in this 
analysis. All-cause mortality was considered a competing event of interest and 
thus, competing risk analyses were performed.
Results  In total, 880 patients (median age: 62 years [interquartile range, IQR: 
53-70], 47 % women) were included, compromising 459 (52.2 %) patients with 
newly diagnosed cancer and 421 (47.8 %) patients with recurrent or progressive 
disease. Of 831 patients with solid tumors, 551 (62.6 %) had metastatic disease 
at study inclusion. After study inclusion, systemic treatment with chemother-
apy alone was initiated in 427 (48.5 %), with combined chemotherapy and ICI 
therapy in 147 (16.7 %), with ICI therapy alone in 138 (15.7 %), with targeted 
therapy and chemotherapy in 109 (12.4 %), with targeted therapy alone in 44 
(5 %), and with targeted therapy and ICI therapy in 15 patients (1.7 %). During 
a median follow-up time of 15.8 months (IQR: 9.3-27.7), 68 (7.7 %) were diag-
nosed with VTE, including 11 catheter-related thrombosis, 20 deep vein throm-
bosis (DVT), 24 pulmonary embolism (PE), 4 superficial vein thrombosis (SVT), 
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4 portal vein thrombosis, and 4 patients with PE and DVT as index event. VTE 
was diagnosed in 43 (10.1 %) patients receiving chemotherapy, 11 (7.5 %) pa-
tients receiving chemotherapy and ICI therapy, 6 (4.3 %) patients receiving ICI 
therapy alone, 7 (6.4 %) patients receiving targeted therapy and chemotherapy, 
1 (2.3 %) receiving targeted therapy and in none (0 %) receiving targeted ther-
apy and ICI therapy. This translated into 6-month cumulative VTE incidences 
of 7.2 % (95 % confidence interval [CI]: 4.6-9.8) in patients with chemotherapy, 
of 5.8 % (95 % CI: 1.8-9.6) with ICI and chemotherapy, of 2.3 % (95 % CI: 0-4.8) 
with ICI therapy, of 5.2 % (95 % CI: 0.8-9.6) with targeted therapy and chemo-
therapy, and of 2.6 % (95 % CI: 0.0-7.7) with targeted therapy (▶Fig. 1, ▶Fig. 
2).

Conclusion  In our single-center prospective cohort study, patients with cancer 
receiving systemic anti-cancer therapies had a substantial VTE risk. Patients 
with cancer receiving chemotherapy had the highest cumulative incidence, 
while the VTE incidence was lower in those treated with ICI therapy. In the fu-
ture, further analyses considering other VTE risk factors are needed.
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▶Fig. 1	   Cumulative VTE incidence after 6-, 12-, 24-month fol-
low-up stratified according to systemic ICI – immune checkpoint 
inhibitors

▶Fig. 2	   Cumulative VTE incidence stratified according to systemic 
therapy that patients started at

ceived honoraria for lectures, consultation or advisory board participation from 
the following for-profit companies: Bayer, Bristol-Myers Squibb, Novartis, Ger-
son Lehrman Group (GLG), CMC Contrast, GlaxoSmithKline, Mundipharma, 
Roche, BMJ Journals, MedMedia, Astra Zeneca, AbbVie, Lilly, Medahead, Daiichi 
Sankyo, Sanofi, Merck Sharp & Dome, Tocagen, Adastra, Gan & Lee Pharmaceu-
ticals, Janssen, Servier, Miltenyi, Böhringer-Ingelheim

T-06-04  Binding of circulating melanoma cell-de-
rived extracellular vesicles to ultra-large von Wille-
brand factor induces cancer-associated thrombosis
Authors  Y. Wang, X. Liu, A. T. Bauer, S. W. Schneider, C. Gorzelanny
Institute  University Medical Center Hamburg-Eppendorf, Institute for 
Dermatology and Venerology, Hamburg, Germany
DOI  10.1055/s-0044-1779096
Introduction  Extracellular vesicles (EVs) released by tumor cells are currently 
investigated as potential biomarkers for cancer detection using liquid biopsy. 
EVs are cell-derived vesicles with heterogeneous contents, including genetic 
materials, proteins, lipids, and small metabolites. Tissue factor–-positive (TF)-
EVs are considered as biomarkers predicting tumor progression. They were also 
shown to enhance cancer-associated thrombosis (CAT) and to be linked to el-
evated plasma levels of von Willebrand factor (vWF). VWF is a large multimer-
ic glycoprotein promoting platelet aggregation. This study aimed to investigate 
whether circulating melanoma cell-derived TF-EVs can promote CAT by inter-
acting with ultra-large vWF (ULvWF).
Method  Binding of melanoma cell-derived EVs or melanoma cells to ULvWF 
and subsequent thrombosis formation was investigated by microfluidic exper-
iments. To this end, microfluidic channels coated with human umbilical vein 
endothelial cells or vWF were perfused with whole human blood supplement-
ed with purified and fluorescently labeled EVs. EVs were characterized by nan-
oparticle tracking analysis, flow cytometry, and electron microscopy. The ex-
pression of TF on different melanoma cells and melanoma cell-derived EVs was 
studied by fluorescence microscopy.
Results  We found that melanoma cell-derived EVs, but not intact cells, can 
bind to ULvWF. The diameter of EVs ranged from 40 nm to 5000 nm, with the 
majority of EVs being around 165 nm. In microfluidic experiments, mimicking 
a tumor-activated vascular system, we found that EVs smaller than 1000 nm 
had the highest probability of interacting with ULvWF. Binding rates of larger 
EVs were very low. ADAMTS13, the cleavage enzyme of vWF, reduced the bind-
ing of EVs significantly. Experiments with different vWF mutants identified the 
A1 domain as the EV binding site. Accordingly, EV binding was abolished by an 
inhibitory peptide blocking the A1 domain. Furthermore, the binding of TF-EVs 
to ULvWF activated platelets and induced the formation of microthrombi. Al-
though intact melanoma cells could not bind to ULvWF directly, melanoma 
cells were trapped in microthrombi.
Conclusion  In conclusion, this study demonstrates that melanoma cell-derived 
EVs induce CAT by binding to ULvWF. While TF-EVs may serve as a promising 
biomarker, blocking ULvWF formation or EV binding may prevent metastasis.
Conflict of Interest  The authors declare that they have no conflict of interest.
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Introduction  Patients with multiple myeloma (MM) treated with immuno-
modulatory drugs (IMiDs) have a high risk of venous thromboembolisms (VTE). 
Guidelines suggest pharmacological thromboprophylaxis in all patients treat-
ed with IMiD-based regimens, using aspirin for patients at low, and low molec-
ular weight heparin (LMWH) or vitamin K antagonists (VKA) for those at high 
VTE risk. Direct oral anticoagulants (DOACs) have not yet been sufficiently 
studied in this indication but could be an effective and convenient alternative 
and have since 2012 been offered as such at our centre.
Method  For this retrospective cohort study, we screened all patients that pre-
sented at our centre between January 2012 and January 2022 with MM or re-
lated plasma cell disorders. Inclusion criteria were newly diagnosed biop-
sy-proven MM within this time range and induction treatment at our centre. 
Data were collected through review of medical records. Baseline disease char-
acteristics and risk factors for VTE according to the IMPEDE-VTE and SAVED 
scores were assessed at time of diagnosis. Anti-myeloma treatment, thrombo-
prophylaxis and thrombotic as well as bleeding events were recorded during a 
two-year observational period. In those with multiple VTE or bleeding events, 
only the first event, respectively, was counted. For analysis of outcomes accord-
ing to type of thromboprophylaxis, the antithrombotic drug prescribed prior 
to the event of interest was considered in an intention-to-treat manner [1–5].
Results  Of 292 patients screened, 208 were included in the analysis based on 
predefined inclusion and exclusion criteria. Characteristics of patients are 
shown in ▶Fig. 2. During the 2-year follow up, 19 (9.1 %) patients developed 
VTE, 4 (1.9 %) had arterial thromboembolism, 35 (16.8 %) had bleeding events 
and 20 (9.6 %) patients died (▶Fig. 1).

▶Fig. 2	   2-Year Cumulative Incidence of VTE and bleeding strati-
fied by type of thromboprophylaxis

A high IMPEDE-VTE score was associated with risk for VTE (HR for high ( ≥ 8 
points) vs. low ( ≤ 3 points) IMPEDE-VTE: 3.994 [95 %CI 1.072-14.881], 
p = 0.039; HR increase per 1 point increase: 1.193 [95 %CI 1.04-1.369], 
p = 0.012). The SAVED score did not predict VTE in our cohort (HR for high vs. 
low SAVED: 1.006 [95 %CI 0.354-2.855], p = 0.992).
The type of thromboprophylaxis was significantly associated with both risk of 
VTE and risk of bleeding (▶Fig. 2). Seven out of 18 patients (38.9 %) had a VTE 
while not on any type of thromboprophylaxis, 9 out of 65 (13.8 %) while on 
aspirin, 2 out of 25 (8 %) while on LMWH. None of the 90 patients on DOACs or 
the 3 patients on VKAs had a VTE. Bleeding occurred in 47.4 % of patients 
without thromboprophylaxis, in 9.4 % of those using aspirin, in 24.1 % of those 
using LMWH, in 13.3 % of those using DOACs, and in none of those using VKAs.
Conclusion  We observed a high rate of VTE and bleeding events in our cohort. 
While the IMPEDE-VTE score predicted VTE risk, the SAVED score did not. No 
patient had a VTE while on oral anticoagulation. Patients who were not pre-
scribed thromboprophylaxis had a high risk of both thrombosis and bleeding.
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pation in advisory boards from Bayer, BM/Pfizer, Daiichi Sankyo and Sanofi. The 
other authors declare that they have no conflicting interests with regard to this 
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▶Fig. 1	   Demographic and clinical characteristics of 208 patients 
diagnosed with MM between January
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Introduction  While immune checkpoint inhibitors (ICI) have revolutionized 
the therapeutic landscape of various cancers, most importantly non-small cell 
lung cancer (NSCLC) and malignant melanoma, recent meta-analyses indicate 
that patients under ICI are at increased risk of developing venous thromboem-
bolism (VTE) and cardiovascular adverse events. Importantly, platelets and 
monocytes are crucial cellular mediators in promoting coagulation activation. 
To delineate their role in ICI-induced thrombosis, we first aimed to investigate 
if both cell types express immune checkpoints on their surface.
Method  We established flow cytometry panels to characterize platelets and 
monocytes in whole blood. In short, venous blood from healthy donors was 
drawn without torniquet and after an initial discard into plastic tubes contain-
ing 3.2 % (0.109 M) sodium citrate. Blood samples were allowed to rest for 15 
min and then incubated with lipopolysaccharide (10 μg/mL) for 4 hours to 
stimulate monocytes or with ADP (1 μM) for 30 min to activate platelets. To 
characterize monocyte (activation), whole blood was then stained for CD45, 
CD14, CD16, PDL1, PD1, tissue factor, CD40, and CD61. Platelets were identi-
fied based on side-scatter properties and expression of CD41, P-selectin, PAC-
1, CD63, PD1 and PDL1. Platelet releasates (PR) were generated by high-speed 
centrifugation of platelet rich plasma. PDL1 protein in cell pellets as well as in 
platelet releasates was measured by commercial PDL1 ELISA.
Results  Following stimulation of whole blood with ADP, activated platelets 
rapidly upregulate PDL1 but not PD1 on their surface. Similarly, isolated plate-
lets increased PDL1 expression when exposed to ADP, pointing towards plate-
lets as the source of PDL1. There was a strong and robust correlation of PDL1 
with platelet activation markers P-selectin, PAC-1 and CD63. Importantly, 
platelet lysates as well as PR from resting platelets contained PDL1 protein. 
PDL1 levels in PR were further elevated when obtained from activated platelets. 
Increased expression of PDL1 and PD1 was also confirmed on LPS-stimulated 
proinflammatory monocytes in whole blood.
Conclusion  We show that activated platelets and monocytes upregulate PDL1 
on their surface, indicating a potential effector role in inhibiting T cells under 
inflammatory conditions. Importantly, activated platelets release soluble PDL1, 
indicating an immunomodulatory effector role which may affect therapeutic 
outcome in ICI-treated cancer patients. Based on these findings, we are cur-
rently assessing monocyte and platelet activation and PDL1 expression in can-
cer patients before and under ICI. Our ultimate goal is to investigate if mono-
cytes and platelets become activated under ICI, hence resulting in ICI-induced 
thromboinflammation, and to assess the impact of platelet and monocyte PDL1 
expression on treatment outcome
Conflict of Interest  The authors declare no conflict of interests.
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Introduction  Thromboembolic disease is a major complication in patients 
with pancreatic ductal adenocarcinoma (PDAC), causing morbidity and mor-
tality. One in five patients with newly diagnosed PDAC develops a venous 
thromboembolism (VTE), which is associated with a decreased overall survival. 
Patients with PDAC often have altered blood cell counts, which are further af-
fected by chemotherapy. The high thromboembolic risk in patients with PDAC 
may be caused by procoagulant effects of pancreatic cancer on blood cells. 
Currently, there are no risk assessment tools or biomarkers available that can 
identify PDAC patients at highest risk of VTE.
Aims  To investigate the impact of PDAC on blood cell dependent coagulation, 
to characterize the high thrombosis risk in PDAC patients. To predict thrombo-
embolic events in patients with PDAC using blood cell dependent assays, per-
formed in whole blood.
Method  Patients with locally advanced or metastatic PDAC (n = 18) were in-
cluded in a prospective, observational, case-control study (TROCOPAC study). 
At baseline, before the initiation of chemotherapy, blood was collected to study 
whole blood (WB) coagulation profiles. Thrombin generation (TG) was meas-
ured in WB and platelet poor plasma (PPP) of 18 patients with PDAC and 18 
healthy individuals matched for age and sex. The capacity of platelets to release 
granules was measured in a time-dependent manner upon stimulation with a 
PAR1 receptor agonist in WB. Patients were followed for 6 months upon inclu-
sion. The primary endpoint was the onset of thromboembolic events, both VTE 
and arterial thromboembolism (ATE).
Results  Patients with PDAC have an increased endogenous thrombin potential 
(ETP) in whole blood. This difference was not observed in PPP, indicating a 
procoagulant effect caused by blood cells. Furthermore, patients with PDAC 
have a prolonged lag time in whole blood, while the lag time in PPP was not 
different between patients and controls. Platelet and white blood cell counts 
(WBC) significantly correlated with the WB ETP and peak in patients with PDAC, 
which was not observed in healthy controls. Of the 18 PDAC patients, four 
developed a VTE (22 %) and one an ATE (6 %). At baseline, a shorter lag time of 
WB-TG and an increased maximum capacity of platelets to release granule were 
associated with incident thromboembolic events.
Conclusion  Patients with PDAC have an imbalanced WB-TG profile. The lag 
time in WB-TG and the granule release capacity of platelets predict an increased 
incidence of thromboembolic events. Red blood cell and white blood cell ab-
normalities in PDAC are associated with this disturbance in thrombin genera-
tion. Platelets and white blood cells hence appear to be a driving force in the 
development of thrombosis in patients with PDAC. As such, measuring hemo-
stasis in whole blood would improve the thrombosis risk estimation in PDAC 
patients.
Conflict of Interest  The authors declare no conflict of interest.
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Introduction  In patients with cancer, dysregulation of hemostasis is present. 
While there is extensive knowledge on risk, risk factors, and predictive biomark-
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ers for venous thromboembolism (VTE), there is limited understanding of 
bleeding risk and associated biomarkers. Prior research has indicated that 
growth differentiation factor-15 (GDF-15) holds promise as a predictive bio-
marker for bleeding risk in various patient populations, including a preliminary 
study focused on patients with cancer.
Method  We aimed to investigate the association between GDF-15 and bleed-
ing risk in a prospective cohort study including patients with cancer initiating 
systemic anti-cancer therapies. Bleeding events were classified according to 
the ISTH definition as major bleeding (MB) and clinically relevant non-major 
bleeding (CRNMB). The composite outcome of both, i.e., clinically relevant 
bleeding (CRB), and MB were specified as the outcomes of interest. Serum 
GDF15 levels were measured in samples drawn at study inclusion (prior to treat-
ment) using the Elecsys®​ GDF-15 assay (Roche Diagnostics) performed on the 
Cobas e801 Module. The association between GDF-15 and CRB/MB was ana-
lyzed in a Fine and Gray model accounting for all cause-mortality as a compet-
ing risk.
Results  In total, 792 patients (48 % women) were included in this analysis (me-
dian age: 62, interquartile range [IQR]: 53-70). At study inclusion, 121 (15.3 %) 
patients received therapeutic anticoagulation and 125 (15.8 %) antiplatelet 
therapy. During a median follow-up of 18 months (IQR: 11-28), 240 patients 
(30.3 %) experienced any type of bleeding. We observed CRB in 156 (19.7 %) 
patients and MB in 81 (10.4 %) patients. This translated into a 6-, 12-, 24-month 
cumulative incidence of CRB of 10.1 % (95 % confidence interval [CI]: 8-12.2), 
15.8 % (13.2-18.5), 23.9 % (17.9-27.4) and of MB of 5.4 % (3.8-6.9), 8.5 % (6.5-
10.5), 12.2 % (9.5-14.8), respectively (▶Fig. 1). The median GDF-15 level was 
1863.5 ng/L (IQR: 1061-3490). Elevated GDF-15 levels were significantly asso-
ciated with an increased risk of CRB (SHR per doubling: 1.29 [95 % CI: 1.16-
1.44]) and MB (SHR per doubling: 1.40 [95 % CI: 1.22-1.62]). In a 12-month 
comparison, patients with GDF-15 levels above the 75th percentile ( > 3490 
ng/L) had a higher cumulative bleeding incidence than those with levels at or 
below the 75th percentile ( ≤ 3490 ng/L). Specifically, the cumulative incidence 
for CRB was 23.8 % versus 13.3 %, and the cumulative incidence for MB was 
13.6 % versus 6.8 %. The difference in CRB incidence remained consistent 
throughout the entire observation period (▶Fig. 2).

▶Fig. 1	   Cumulative clinically relevant bleeding (CRB) incidence.

Conclusion  Patients with cancer are at high risk for bleeding events and ele-
vated GDF-15 levels were significantly associated with an increased risk of 
bleeding. Therefore, GDF-15 is a promising candidate biomarker for bleeding 
risk prediction in patients with cancer.
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Introduction  Elevated FXI levels are a risk factor for venous thromboembolism 
(VTE) [1]. While FXI/FXIa inhibition is safe and efficacious in preventing post-

▶Fig. 2	 Cumulative CRB incidence of patients (n = 898) with 
GDF-15 levels ≤ 75th (n = 598) ( ≤ 3490 ng/L) versus > 75th percen-
tile (n = 194) ( > 3490ng/L) Patients were divided according to their 
GDF-15 level and the group with levels equal to or below 3490 ng/L 
( ≤ 75th percentile) was compared to the group with levels above 
3490 ng/L ( > 75th percentile) within a Fine and Gray subdistribution 
hazard model, p = 0.004
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operative VTE in non-oncologic patients [2–5], its role in tumor cell-induced 
coagulation activation is less clear [6]. We hypothesize that some tumor cells, 
especially those of hepatic cancers, aberrantly produce FXI, which potentially 
contributes to a hypercoagulable state and reduced efficacy of FXI/FXIa-direct-
ed anticoagulation in these patients.
Method  Several cancer cell lines were characterized for FXI and tissue factor 
(TF) expression by quantitative PCR, ELISA and flow cytometry. FXI activity was 
recorded by a chromogenic assay. Tumor cell-induced coagulation activation 
was measured by single-stage clotting assay in the presence or absence of the 
FXIa inhibitor, BMS-262084 (BMS), or peak and trough concentrations of rivar-
oxaban (270 and 26 ng/mL) and tinzaparin (0.85 and 0.2 IU/mL). We also de-
signed a lentiviral vector to stably express FXI in hepatoma HepG2 and hepa-
tocellular Huh7 cells.
Results  Only in hepatic cancer cell lines, HepG2 and Huh7, relevant FXI mRNA 
and antigen expression were measured. FXI released by these cell lines showed 
potent amidolytic activity in a chromogenic assay. Both cell lines had also 
marked TF antigen expression and procoagulant activity (PCA). Compared to 
FXa inhibition by rivaroxaban and tinzaparin, FXIa inhibition with BMS was sig-
nificantly less potent in mitigating tumor cell-induced fibrin clot formation, and 
only in the presence of low HepG2 and Huh7 cell concentrations. Lentiviral 
expression of FXI in HepG2 and Huh7 cells resulted in significantly increased 
production of FXI, but not of TF. In these cells, endogenous FXI amplified tumor 
cell-induced fibrin clot formation.
Conclusion  Dysregulated FXI production is presumably a common finding 
only in hepatic cancers, but may contribute to a hypercoagulable state in these 
patients with potential therapeutic implications for FXI/FXIa-directed antico-
agulation.
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Introduction  Recombinant adeno-associated virus vectors (rAAV) are a major 
gene therapy platform for treatment of monogenic disorders, including hemo-
philia A. Valoctocogene roxaparvavec (AAV5-HLP-hFVIII-SQ) is an AAV5 vector 
delivering B-domain-deleted (BDD) human FVIII transgene controlled by a 
hybrid liver-selective promoter. In a phase 3 trial, a single treatment of AAV5-
HLP-hFVIII-SQ (6e13 vg/kg) provided therapeutic expression of FVIII and bleed-
ing control in adult severe hemophilia A patients. However, the mechanistic 
basis of transaminitis, variability and durability observed in clinical trial partic-
ipants are not clear. Understanding the molecular changes in the liver are crit-
ical to identify appropriate immune modulatory strategies for safety, efficacy, 
and long-term durability of AAV gene therapy. The aim is to investigate liver 
gene expression profiles before and after AAV5-HLP-canine-BDD-FVIII (cFVIII) 
administration in a severe hemophilia A dog model.
Method  Nine severe hemophilia A dogs received one of three vectors (non-co-
don-optimized AAV5-HLP-cFVIII-SQ, codon-optimized AAV5-HLP-cFVIII-SQ and 
AAV5-HLP-cFVIII-V3 at 6.0e13 – 2.0e14 vg/kg). Liver biopsies were collected 
at baseline and 3 months after vector administration. FVIII activity (FVIII:C) was 
measured by one-stage FVIII (OSA) assay using a pooled normal canine plasma 
standard. Liver cFVIII DNA and RNA levels were quantified using ddPCR. Tran-
scriptomic profiling was performed by RNA-seq followed by pathway enrich-
ment analysis. Cellular immune response in the peripheral blood mononuclear 
cells (PBMC) was evaluated using an IFN-γ ELISPOT assay.
Results  Dose-relatedFVIII expression was observed in dogs treated with the co-
don-optimized vectors, with significant correlation between liver vector DNA and 
circulating FVIII:C (▶Fig. 1). Dogs treated with codon-optimized cFVIII vectors 
demonstrated enhanced transgene expression compared to non-codon-optimized 
vector. No IFN-γ response was detected in PBMC. Transcriptomic profiling of liver 
biopsies demonstrated enrichment of integrin pathways, immunological gene sig-
natures for B cells and plasmacytoid dendritic cells (pDCs), and common dendritic cells 
at 3 months compared to baseline (▶Fig. 2). Expression of inflammatory cytokines 
involved in NK-cell and T-cell activation were also enriched.

▶Fig. 1	 AAV5-cFVIII expression and activity in severe hemophil-
ia A dogs at 3 months; (a) AAV5-cFVIII mRNA transcript levels, and 
(b) correlation between liver vector DNA and OSA FVIII:C, one-stage 
FVIII clotting assay (canine normal pooled standard) with a lower 
limit of detection of 2 %. co, codon optimized; nco, non-codon opti-
mized; SQ and V3, B-domain-deleted FVIII variants.
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Conclusion  Our data suggests that mild activation of B cells, dendritic cells, 
NK-cell, and T-cells with an inflammatory cytokine response occurred in the 
liver of AAV5-HLP-cFVIII treated dogs 3 months post gene transfer; albeit with-
out transaminitis. Transcriptomic profiling of PBMCs is ongoing to compare to 
liver profiles to better understand kinetics of immune responses to rAAV.
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Introduction  Hemophilia A (HA) patients are prone to low bone mineral den-
sity (BMD), independent of commonly known risk factors [1]. Recent research 
suggests that coagulation factor VIII (FVIII) could potentially act through direct 
interactions with key bone-regulating pathways (e.g. RANK/RANKL/OPG axis, 
Wnt/ß-catenin pathway, cytokines) or indirectly through downstream process-
es (e.g. thrombin production) [2]. Despite these promising leads, the connec-
tion between FVIII and bone health remains elusive. Therefore, cell culture 
experiments involving primary bone cells are pivotal to understand the impact 
of coagulation and inflammation on bone health.
Method  Human (SaOs-2) and murine (MC3T3-E1) osteoblast cell lines, along 
with peripheral blood–derived human osteoclasts, were cultured together with 
human coagulation factors (FVIII, FIX, FX, vWF, vWF-FVIII complex, and throm-
bin at 1 U/ml each) and cytokines (IL-6 and TNF-α at 50 ng/ml each). We as-
sessed alterations in cell viability using the CCK8 assay, mineralization of oste-
oblasts using the alizarin red S assay [3], and osteoclast formation using the 
tartrate-resistant acid phosphatase (TRAP) staining.

▶Fig. 2	   Gene set enrichment analysis comparing AAV5-HLP-cFVIII 
vectors administered to hemophilia A dogs at 3 months and baseline 
(treatment vs control). A normalized gene set enrichment score 
(NES) determines whether a gene set is positively regulated or nega-
tively regulated and an NES with Benjamini-Hochberg adjusted P 
value < 0.05 was considered statistically significant. FDR, False discov-
ery rate.

Results  Coagulation factors had distinct effects on human and murine osteo-
blasts: In comparison to untreated controls, thrombin reduced cell viability of 
murine osteoblasts by 18 %, whereas vWF, vWF-FVIII, FIX, FVIII-thrombin, and 
FX increased viability by 33 %, 24 %, 26 %, 23 % and 31 % respectively. None of 
the factors changed mineralization of murine osteoblasts. However, minerali-
zation of human osteoblasts decreased in the presence of vWF, vWF-FVIII, 
thrombin and FX by 44 %, 37 %, 35 % and 56 % respectively. For human osteo-
clasts, the addition of FX led to increased TRAP activity by 16 %.
In the presence of TNF-α cell viability in both murine and human osteoblasts 
was reduced by 29 % and 53 %, and mineralization in murine osteoblasts in-
creased by 119 %. In contrast, TRAP activity of osteoclasts was reduced by both 
TNF- α and IL-6 by 50 % and 60 %.
Conclusion  This study shows different responses of human and murine osteo-
blasts to human coagulation factors. The particular influence of FX on both human 
osteoblasts and osteoclasts will be further investigated. Also, the impact of inflam-
matory cytokines on osteogenic cells warrants further studies. Understanding the 
interplay between coagulation, inflammation and bone metabolism is pivotal for 
developing future therapeutic strategies to enhance patient health.
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Introduction  Due to hemophilic arthropathy, joint health as well as associat-
ed strength, mobility, and postural stability are reduced in patients with hemo-
philia (PwH). These impairments go along with an increased fear and risk of 
falling. To test these functional abilities effectively, the present study aims (1) 
to evaluate the feasibility and safety of different clinical motor performance 
tests in PwH, (2) to evaluate, whether a higher joint impairment results in a 
lower self-efficacy regarding falling and lower test performance.
Method  29 PwH (55.3 years ± 10.7) and 29 healthy controls (CG; 50.2 
years ± 13.9) were examined by different clinical tests: short physical perfor-
mance battery (SPPB), timed up and go test (TUG), functional reach test (FRT), 
push and release (PAR), single leg stand (SLS) with open and closed eyes, 
strength of knee extension (SKE), and hand grip strength (HGS). The subjects 
were also examined using the Hemophilia Joint Health Score (HJHS) and the 
Fall Efficacy Scale International questionnaire (FES-I). PwH were divided in two 
groups based on the HJHS score, resulting in three groups: (1) healthy controls, 
(2) minorly affected PwH (lower half based on HJHS Score), and (3) majorly 
affected PwH (upper half based on HJHS Score). Group comparisons were per-
formed using the Kruskal-Wallis test followed by pairwise post-hoc tests.
Results  No adverse events occurred during the tests. One PwH did not perform 
the SLS with closed eyes due to the patient's own uncertainty. Majorly and 
minorly affected PwH revealed higher FES-I scores than CG. All clinical tests 
showed significant differences between CG and majorly affected PwH. The 
comparison between CG and the minorly affected PwH showed a significant 
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difference only in TUG. Furthermore, significant differences between the mi-
norly and majorly affected PwH were observed in SKE right and SLS with open 
eyes (▶Fig. 1).

Conclusion  The performed clinical tests are feasible in PwH as no adverse 
events occurred. Results reveal that majorly and minorly affected PwH report-
ed a higher subjective concern and a lower self-efficacy of falling compared to 
the CG. Yet, this observation is accompanied by the fact that only majorly af-
fected PwH exerted impaired performance in all clinical tests compared to the 
CG, while minorly affected PwH only presented higher TUG values compared 
to the CG. Largest discrepancies were observed in the single-leg stance with 
eyes open and knee extensor strength, where majorly affected PwH showed 
worse performance.
These clinical tests offer safe and feasible time-saving tools to evaluate the 
functional motor performance in the context of the risk of falling in PwH with-
out much equipment, especially in clinical settings, and can be used as a basis 
for further individual tailored physical and sport therapies.
Conflict of Interest  All authors stated that they had no interests, which might 
be perceived as posing a conflict or bias.

▶Fig. 1	 Comparison between majorly affected PwH (upper half 
based on HJHS Score), minorly affected; Data presented as median 
[25 %-quartile; 75 %-quartile] (min–max). PwH = Patients with hae-
mophilia; CG = control group; SPPB = short physical performance 
battery; FES-I = Falls Efficacy Scale-International; HJHS = haemophilia 
joint health score; *= p < 0.05 vs. CG; **= p < 0.01 vs. 
CG; ***= p < 0.001 vs. CG; # = p < 0.05 vs. Minorly affected, 
## = p < 0.01 vs. Minorly affected, ### = p < 0.001 vs. Minorly affected.
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Introduction  Haemarthroses lead to changes of the synovium, cartilage, and 
bone in patients with haemophilia (PwH). Although this is widely recognized, 
little data exist on the prevalence of the distinct joint pathologies. Hence, the 
joint status was evaluated by sonography and prevalence rates were clustered 
based on of the risk factors age and BMI.
Method  80 patients with moderate or severe haemophilia A or B (PwH) (severe 
A = 55, B = 11; moderate A = 13, B = 1) were included. Thus, a total of 480 joints 
(ankle, knee, and elbow) were sonographically examined. The Haemophilia 
Early Arthropathy Detection with Ultrasound (HEAD-US) protocol was used to 
systematically assess structural alterations. This protocol discriminates be-
tween synovitis (Syn) and changes of cartilage (Cart) and bone. The degree of 
Syn (0 = none/minimal, 1 = moderate, 2 = severe) and the extent of Cart 
(0 = none, 1 = less than 50 % of cartilage loss, 2 = 50 % or more of cartilage loss) 
and bone damage (0 = none, 1 = mild irregularities, 2 = deranged subchondral 
bone) were scored on a 3-point scale. The scoring for cartilage was slightly 
modified to be consistent with the other parameters. Additionally, parameters 
were dichotomized (0 = no pathology, 1 = pathology) and prevalence rates were 
determined based on the score ( > 0) of joint pathology. Age groups were clus-
tered as follows: Age1: 13-17 years (n = 60), Age2: 18-29 years (n = 186), Age3: 
30-39 years (n = 120), Age4: 40-49 years (n = 48), Age5: 50-70 years (n = 66). 
For BMI, the conventional classification system was used (underweight: n = 36, 
normal: n = 264, overweight: n = 132, obese: n = 48).
Results  The prevalence of Syn, Cart, and bone alterations across all joints 
amount to 76 %, 35 % and 35 %, respectively. For all arthropathy-related param-
eters, the highest prevalence was observed for the ankle joint (Syn: 81 %, Cart: 
63 %, bone: 61 %), while the knee joint demonstrated the lowest prevalence 
rates (Syn: 69 %, Cart: 17 %, bone: 20 %). Breakdown by age groups revealed a 
significant increase in the prevalence of Syn (from age1: 62 % to Age5: 99 %), 
Cart (from Age1: 15 % to Age5: 73 %) and bone (from Age1: 12 % to Age5: 75 %) 
across all joints examined (all p < .001). When comparing the prevalence of Syn 
in PwH with normal weight (75 %) to overweight (75 %, p = .997) and obese 
patients (85 %, p = .129), no significant differences could be observed. In terms 
of joint degeneration, PwH with normal weight (Cart: 31 %, bone: 39 %) demon-
strated significantly lower prevalence rates when compared to overweight 
(bone: 43 %, p = .017) and to obese patients (Cart: 58 %, p < .001; bone: 50 %, 
p = .008).
Conclusion  The prevalence of Syn as well as degeneration of cartilaginous and 
osseous tissues are alarmingly high even in adolescent patients. Prevalence of 
synovial inflammation increases steadily across age groups, however, appears 
to not be affected by higher BMI. On the other hand, both Cart and bone de-
generation increase with age and in relation to BMI, particularly in obese PwH.
Conflict of Interest  None of the authors have potential conflicts of interest to 
declare.
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Introduction  Genome and exome sequencing is becoming a standard meth-
od for finding the genetic cause of phenotypic problems in genes, where path-
ogenic variants may be located in multiple sites. The variant interpretation 
process suffers from a lack of information on benign population variants and 
an unknown incidence of bleeding disorders with mild symptoms. The Analysis 
of Czech Genomes for Theranostics (A-C-G-T) project was designed to offer the 
possibility of accurate classification of gene variants in a local context. The 

database contains genomic data from 1016 Czech individuals selectedon the 
basis of their parents’ place of birth with an equal representation of people 
within individual regions.
Method  Genomic data from the A-C-G-T (https://database.acgt.cz/) project 
were screened for variants in the haemophilia genes F8 and F9, and VWF. The 
pathogenicity of variants was determined based on the HGMD database 
v.2023.2 search.
Results  Most variants were detected in the VWF gene (▶Tab. 1). Only a few vari-
ants classified as pathogenic were present in the F8 and F9 genes (▶Tab. 2).
Conclusion  The number of VWF gene variants was as expected. In the F8 and 
F9 genes, some pathogenic variants found appear to be non-pathogenic based 
on population frequency, sex ratio, and ClinVar reports. However, some of them 
may cause mild and clinically insignificant bleeding symptoms and therefore 
are still undiagnosed. The frequency of gene variants in the general local pop-
ulation could help to assess the impact of the variant.
Conflict of Interest  No conflict of interest regarding this topic.

▶Table 2	  Pathogenic variants from HGMD for F8 and F9 genes. Conflicting interpretation of pathogenicity in the ClinVar database means benign/likely 
benign interpretation.

Gene hg38 coordinate HGMD 
variant

HGVS GnomAD 
NFE AF

A-C-G-T 
AF

Variant 
occurence 
in males

ClinVar variant classification

F8 chrX:154905041 ins 1 bp 
non-coding 
DNA

NM_000132.4: c.5374-19dupT 6.32 % 3.10 % 34 % not reported

F8 chrX:154928925 del 1 bp 
codon 1622

NM_000132.4: c.4865delC unknown 0.09 % 100 % not reported

F8 chrX:154929926 ins 1 bp codon 
1288

NM_000132.4: c.3863dupC 8.83 % 8.86 % 35.10 % not reported

F8 chrX:154930010 del 1 bp 
codon 1260

NM_000132.4: c.3780delC 16.69 % 19.20 % 36.70 % 1098530 Likely_pathogenic

F8 chrX:154966633 Arg355Gln NM_000132.4: c.1064G > A 0.03 % 0.05 % 0 % 82145 Likely_benign

F9 chrX:139530772 Arg3His NM_000133.4: c.8G > A 0.01 % 0.05 % 0 % 695909 Conflicting_interpre-
tat ions_of_pathogenicity

F9 chrX:139530783 Ile7Phe NM_000133.4: c.19A > T 0.17 % 0.25 % 66.70 % 367997 Conflicting_interpre-
tat ions_of_pathogenicity

F9 chrX:139541193 IVS4 ds 
A-G + 4

NM_000133.4: c.391 + 4A > G 0.00 % 0.09 % 100 % 695795 Conflicting_interpre-
tat ions_of_pathogenicity

▶Table 1	  Variant incidence for hereditary bleeding disorders. VUS – variant of uncertain significance.

Gene Variant count 
ACGT

Pathogenic 
variants

Pathogenic 
variants %

VUS 
variants

VUS 
variants %

Polymorphism 
variants

Polymorphism 
variants %

VWF 3358 78 4.14 43 1.28 16 0.61

F8 1511 5 0.33 11 0.73 2 0.13

F9 217 3 1.38 0 0 1 0.46

S34



Hämostaseologie 2024; 44: S1–S125 | © 2024. Thieme. All rights reserved.

T-07-06  Pregnancy Outcome in Women with von 
Willebrand Disease Following Fertility Treatment: A 
Retrospective Cohort Analysis
Authors  L. Haack1, B. Dasenbrook2, B. Krammer-Steiner3, J. Stubert1

Institutes  1  University of Rostock, Department of Obstetrics and 
Gynecology, Rostock, Germany; 2  University of Rostock, Institute of 
Computer Science, Faculty of Mathematics and Computer Science, Rostock, 
Germany; 3  Klinikum Südstadt Rostock, Department of Internal Medicine, 
Rostock, Germany
DOI  10.1055/s-0044-1779107
Introduction  Von Willebrand disease (vWD) is the most prevalent inherited 
bleeding disorder, with conflicting results regarding the bleeding risk during 
pregnancy. The aim of the present study was to investigate the bleeding risk 
during and after pregnancy after fertility treatment in women with vWD.
Method  Between January 2010 and December 2019, a cohort of women pre-
senting with an unfulfilled wish for children at a fertility center underwent vWF 
antigen (vWF:Ag) and vWF ristocetin cofactor activity (vWF:RCo) assessment. 
The vWD group included 41 pregnancies of 30 patients with vWF:Ag and/or 
vWF:RCo levels at or below 50 IU/dL at initial presentation, irrespective of bleed-
ing symptoms, as well as three patients with a prior vWD diagnosis. The control 
group consisted of 143 women with vWF:Ag and vWF:RCo levels above 50 IU/
dl, resulting in a total of 171 pregnancies in the control group. Only pregnancies 
with live births were included. Postpartum hemorrhage (PPH) was defined as 
an estimated blood loss (EBL) of ≥ 500 mL in vaginal births and ≥ 1000 mL in 
caesarean sections.
Results  In the vWD group, 43.9 % (18/41) of pregnancies experienced antepar-
tum bleeding events, compared to 19.9 % (34/171) in the control group 
(p < 0.01). Median peripartal EBL was 350 mL in the vWD group and 450 mL in 
the control group (p < 0.05). The prevalence of PPH was significantly higher in 
the control group (22.9 % vs. 7.3 %, p < 0.05). Of the vWD group pregnancies, 
68.3 % resulted from fertility treatment, including assisted reproductive tech-
nology (ART) treatment (11/41) and non-ART treatment (17/41). In the control 
group, 64.9 % of pregnancies were a result of fertility treatment, including ART 
treatment (66/171) and non-ART treatment (45/171). No differences were 
observed in neonatal outcomes as assessed by APGAR-5, APGAR-10, birth 
weight, birth length and small for gestational age status.
Conclusion  Screening for vWD in women undergoing fertility therapy without 
clinical bleeding symptoms is not recommended. Despite a higher incidence 
of antepartum hemorrhage, women with low vWF values were less likely to 
experience PPH. We conclude that increased intra-operative awareness for 
bleeding complications in women with low vWF values may have contributed 
to the significantly lower prevalence of PPH and lower EBL.
Conflict of Interest  This project was supported by a doctoral scholarship from 
CSL Behring.
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Introduction  Etranacogene dezaparvovec (formerly AMT-061) is the first ap-
proved gene therapy for haemophilia B in the EU and US. The HOPE-B pivotal 
phase 3 clinical trial (NCT03569891) demonstrated superior bleed protection 
compared to FIX prophylaxis up to 24 months post treatment with ongoing 
follow-up from Year 2 onward. Here, we report efficacy and safety during Years 
1-3.
Method  In this pivotal phase 3 open-label, single-arm trial, adult male patients 
(pts) with severe or moderately severe haemophilia B, with or without preex-
isting adeno-associated virus serotype 5 (AAV5) neutralising antibodies, re-
ceived a single dose of etranacogene dezaparvovec (2 × 1013 gc/kg, an AAV5 
vector containing factor IX [FIX] Padua R338L transgene under the control of 
the liver-specific LP-1 promoter) following ≥ 6-month lead-in period of FIX 
prophylaxis.
Of 54 pts receiving etranacogene dezaparvovec, 52 completed 36 months’ 
follow-up. Mean annualized bleeding rate (ABR) for all bleeds during Months 
7-36 was reduced by 64 % versus lead-in (1.52 and 4.17, respectively; 
P = 0.0004). Mean ± SD endogenous FIX activity was sustained at 41.5 IU/
dL ± 21.7 (n = 50), 36.7 IU/dL ± 19.0 (n = 50), and 38.6 IU/dL ± 17.8 (n = 48) at 
Years 1, 2, and 3 posttreatment, respectively. At 3 years posttreatment, 51 pts 
(94 %) remained free of continuous FIX prophylaxis; mean annualized FIX con-
sumption decreased by 96 % versus lead-in (P < 0.0001). One pt’s FIX levels 
eventually declined to 2-5 %; his bleeding phenotype returned, and he resumed 
prophylaxis per protocol at Month 30 post-treatment.
Results  All pts experienced at least 1 adverse event (treatment-emergent AE), 
with no serious AEs related to treatment (1 case of hepatocellular carcinoma 
[HCC] and 1 death were reported before Year 2 and unrelated to treatment). A 
total of 38/54 (70 %) pts experienced 96 treatment-related AEs. The most com-
mon AE was increased alanine transaminase (ALT). Nine pts (16.7 %) received 
reactive corticosteroids for mean ± SD 81.4 ± 28.6 days. No new deaths, HCC, 
or late treatment-related ALT elevations were reported during Year 3.
Conclusion  A single dose of etranacogene dezaparvovec provides long-term 
FIX Padua expression and superior bleed protection compared to prophylaxis, 
with a favourable safety profile over 3 years post administration.
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Introduction  Valoctocogene roxaparvovec (AAV5-hFVIII-SQ) is a gene thera-
py evaluated in the phase 3 GENEr8-1 trial that provides endogenous factor VIII 
(FVIII) production to prevent bleeding in people with severe hemophilia A and 
represents an alternative to emicizumab, a recombinant antibody mimicking 
the function of FVIII. Individuals receiving emicizumab were excluded from 
GENEr8-1 enrollment since emicizumab was then an investigational therapy.
The aim is to utilize pharmacokinetic simulations to provide guidance on main-
taining hemostatic control while transitioning patients from emicizumab to 
valoctocogene roxaparvovec gene therapy.
Method  A published emicizumab pharmacokinetic model, based on data from 
the HAVEN clinical trials, was used to simulate in vivo emicizumab concentra-

tions and merged with FVIII activity time-course data for 134 GENEr8-1 partic-
ipants to estimate bleeding risk at weekly intervals post-infusion with valocto-
cogene roxaparvovec. The analysis examined 3 approved emicizumab dosing 
regimens for 2 transition scenarios; first, the last emicizumab dose given the 
same day as infusion, and second, given 4 weeks after valoctocogene roxa-
parvovec. Bleeding risk was based on the assumptions in ▶Fig. 1.

Results  Discontinuation of emicizumab the day of valoctocogene roxaparvo-
vec infusion compared with continued dosing for 4 weeks offered similar levels 
of hemostatic control (▶Fig. 2). The time course for bleeding risk was compa-
rable across the emicizumab dosing regimens for both scenarios. An algorithm 
to provide guidance for discontinuing emicizumab was developed based on 
these results. To guide how treatment decisions for emicizumab discontinua-
tion may vary among individuals, theoretical case examples were developed 
based on participants of GENEr8-1.

Conclusion  Regardless of the emicizumab dose or dosing regimen, pharma-
cokinetic simulations showed no meaningful difference in the risk of bleeding 
related to FVIII and FVIII equivalent activity determined by the dynamic balance 
of decaying emicizumab levels and increasing gene therapy–derived endoge-
nous FVIII. These original data suggest individuals on emicizumab prophylaxis 
can safely transition to valoctocogene roxaparvovec.
Conflict of Interest  Suresh Agarwal, Dane Osmond, Vanessa Newman, Josh 
Henshaw are employees and shareholders of BioMarin Pharmaceutical Inc. 
Cédric Hermans reports consulting fees and honoraria as a speaker for educa-

▶Fig. 1	 Assumptions for the estimation of bleeding risk catego-
ries; If emicizumab concentrations fell below 15 µg/mL and FVIII 
activity levels had not reached 5 IU/dL, then individuals were as-
sumed to have a greater bleeding risk. FVIII activity levels > 15 IU/dL 
were assumed to provide hemostatic efficacy.; FVIII, factor VIII.

▶Fig. 2	 Proportion of individuals with bleeding risk over time; 
The bleeding risk categories of less than emicizumab, same as emici-
zumab, and greater than emicizumab are based on the assumptions 
regarding FVIII activity level and emicizumab blood concentration 
outlined in ▶Fig. 1; FVIII, factor VIII; QW, once weekly; Q2W, once 
every 2 weeks; Q4W, once every 4 weeks
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Introduction  Valoctocogene roxaparvovec is expected to transfer a function-
al FVIII coding sequence that would eliminate the need for regular prophylaxis 
for people with severe hemophilia A (HA). At the same valoctocogene roxa-
parvovec dose, FVIII levels varied among participants in the phase 3 GENEr8-1 
trial. The protective effect of low transgene-derived FVIII is unknown. The aim 
is to determine clinical outcomes for participants with low FVIII activity 3 years 
post–gene transfer in GENEr8-1.
Method  In the open-label, single-arm, phase 3 GENEr8-1 trial (NCT03370913), 
134 adult males (intention-to-treat [ITT] population) with severe HA (FVIII ac-
tivity < 1 IU/dL) previously receiving regular FVIII prophylaxis and with no his-
tory of FVIII inhibitors received a single dose of 6x1013 vg/kg valoctocogene 
roxaparvovec. Plasma FVIII activity was measured via chromogenic substrate 
assay (reported in text; lower limit of quantitation [LLOQ], 1.5 [previously 3.0] 
IU/dL) or one-stage assay (LLOQ, 1.0 IU/dL). RTP was defined per-protocol as 
usual FVIII prophylaxis administered ≥ 1 time/week for ≥ 4 consecutive weeks 
or ≥ 2 emicizumab injections/month. Outcomes are reported for up to 156 
weeks.
Results  Of 134 ITT participants, 131 completed the week 156 visit. Mean 
(standard deviation [SD]) FVIII activity at week 156 was 18.2 (30.6) IU/dL in the 
ITT population. At week 156, 46 of 134 (34.3 %) ITT participants had median 
FVIII activity < 5 IU/dL (range, 0 to 4.9 IU/dL). These 46 participants had annu-
alized bleeding rate (ABR) for treated spontaneous and traumatic bleeds at 
baseline between 0 and 27.5 (mean, 4.8) bleeds/year and from post-prophy-
laxis to week 156 between 0 and 12.0 (mean, 1.7) bleeds/year.
Of these 46 participants, 8 resumed prophylaxis before week 156 (range, 
58–141 weeks; ▶Fig. 1) and 38 did not RTP before week 156 (▶Fig. 2).

For 2 of 8 participants who resumed prophylaxis before week 156, treated ABR 
was higher during the post-prophylaxis period up to RTP than at baseline; treat-
ed ABR was higher post-prophylaxis to week 156 compared with baseline for 5 
of 38 participants who did not RTP before week 156. Most of the 38 participants 

▶Fig. 1	   ABR for treated bleeds at baseline and post-prophylaxis 
up to RTP for participants with week 156 FVIII activity < 5 IU/dL who 
resumed prophylaxis before week 156

▶Fig. 2	   ABR for treated bleeds at baseline and during post-proph-
ylaxis up to week 156 for participants with week 156 FVIII activity < 5 
IU/dL who did not RTP.
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who did not RTP before week 156 had lower ABR for treated bleeds compared 
with baseline, low post-prophylaxis ABRs for treated bleeds, or no substantial 
treated spontaneous bleeds.
Conclusion  Most participants with low FVIII activity had low bleeding rates, 
suggesting that low endogenous FVIII expression may provide protective he-
mostatic benefits. Many participants who resumed prophylaxis had clinical 
presentation consistent with moderate hemophilia; the individual decision to 
RTP was multifactorial and influenced by FVIII activity, bleeding rates, desired 
physical activity levels, and personal preferences.
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Introduction  Recurrent joint bleeding is the most frequent clinical manifes-
tation of severe haemophilia. Unless appropriately managed, even subclinical 
hemarthrosis can lead to the development of hemophilic arthropathy and 
chronic pain [1]. Even today, arthropathy is a major comorbidity for people with 
haemophilia. Despite prophylaxis with factor and non-factor replacement ther-
apies, many of them still develop joint damage that causes pain, limited mo-
bility and poor quality of life​.Non-adherence often occurs. Problems with ac-
ceptance or self-management on the patient side appear to be the main reasons 
for this challenge [2]. The WFH recommends the use of personalised prophy-
laxis to optimise protection for each individual patient and to provide adequate 
factor levels that allow the patient’s desired level of physical activity [3]​.
Method  To raise awareness for joint health and support communication  
between physicians and their patients, an innovative tool ​has been developed 
to help HCPs and patients explore how to optimise long-term ​joint health​. 
Using innovative technology, the inSight Joint Health tool lets users explore 
immersive 3D models, detailed animated videos, medical scan images and 
informative messaging about joint health in haemophilia.​ The tool explains the 
pathophysiology behind subclinical and clinical bleeds and provides guidance 
on how long-term joint health can be preserved. It enables to communicate 
how both, clinical and subclinical bleeds, can contribute to joint damage​ and 
highlight that an optimized and individualized prophylaxis therapy supports 
joint health​.
Results  Even a single joint bleed can trigger a vicious cycle of recurrent bleed-
ings​, which can lead to synovitis and arthropathy. Clinical bleeds can cause 
synovial hypertrophy which changes the structure of the synovial tissue, mak-
ing it more likely to experience future bleeds. To address chronic synovitis, the 
German S2k guidelines on synovitis recommend maintaining factor trough 
levels of ≥ 30 % for 6 months [4–5].
Rapid resolution of bleeds with factor replacement is key to minimizing long 
term damage in the event of bleeds occurring​. A non-promotional version of 
the tool can be used to highlight the unmet need in joint health management 

and how steps can be taken to preserve joint health. Expert advice and infor-
mation to patients with haemophilia should also be based on individual func-
tional prevention diagnoses, advice on available therapies and sports practice, 
as well as general health recommendations [6] (▶Fig. 1).

Conclusion  The approach to haemophilic patients should be interdisciplinary. 
Assessment of the processes, that affect pain in these patients and the devel-
opment of pain education models should be implemented [6]. The new inSight 
Joint Health tool provides a beneficial tool for the visualization of joint health 
in haemophilic patients, contributing to disease awareness and adherence.
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▶Fig. 1	   inSight Joint Health tool visualizing a subclinical bleed
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Introduction  Hemarthrosis episodes in hemophilia A patients are associated with 
hemorrhagic events that lead to the breakdown of erythrocytes and, thus, the 
release and massive accumulation of labile heme. To avoid consequences, such as 
hemophilic arthropathy, exogenous substitution therapy with factor VIII (FVIII) is 
an option for affected patients. In this regard, it has been reported that direct 
FVIII injection into the joint bleeding, consequently into the heme-rich environ-
ment, shows significantly fewer side reactions. As such, FVIII and heme get in direct 
contact, however, basic information about this interaction is missing.
Method  UV/Vis spectroscopic studies were used to characterize the 
heme-binding capacity of FVIII. To identify the respective heme-binding sites, 
FVIII was screened for potential heme-binding motifs by using the webserver 
HeMoQuest. Subsequently, these motifs were synthesized as FVIII-derived 
peptides and analyzed for heme binding using UV/vis spectroscopy. Promising 
sites were further evaluated by molecular docking simulations of the respective 
heme-protein complexes. Cryo-EM studies and clinical assay systems revealed 
functional aspects of heme binding to FVIII.
Results  It is demonstrated that FVIII has with a binding capacity of seven heme 
molecules the so far highest known heme-binding capacity among all 
heme-binding proteins. The heme-binding regions are found in interaction 
sites. Furthermore, Cryo-EM studies as well as in silico studies suggest that 
heme binding induces higher flexibility in defined regions of FVIII. Finally, heme 
is thus able to diminish the procoagulant cofactor activity of FVIII.
Conclusion  These results characterize FVIII as an extraordinary heme-binding 
protein and, thus, highlight the importance of the consideration of the FVI-
II-heme complex formation in the context of FVIII substitution therapy in hemo-
philia A patients with joint bleeding.
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Introduction  In severe cases of Hemophilia A (HA), the presence of antibodies 
against factor VIII (FVIII) poses significant treatment challenges. While the Nijme-
gen Bethesda assay (NBA) is the established standard for detecting inhibitors, 
conventional immunoassays like ELISA and Luminex™-based assays can inadvert-
ently detect non-neutralizing antibodies (NNAs) along with inhibitors.
Method  A cohort of 573 citrate plasma samples from 205 HA patients (cohort 
1) were analyzed. For domain specificity and genetic correlation, 448 samples 
from cohort 1 and an additional 525 samples formed cohort 2 (973 samples, 
233 patients). Samples were concurrently assessed using NBA, a commercial 
ELISA method, and our in-house Luminex-based domain epitope assay: Lumi-
Tope. The LumiTope method involved using full-length and B-domain deleted 

FVIII, as well as nine purified FVIII single or multi-domains. These proteins were 
attached to magnetic beads to identify domain-specific Ig (G, G1-4) anti-FVIII 
antibodies in a cohort of HA patients, both with and without inhibitors. Genet-
ic analysis was performed to identify the underlying genetic defect.
Results  he LumiTope assay demonstrated high sensitivity (94.9 %) and specificity 
(91.2 %), particularly in patients with low-titer inhibitors, as compared to ELISA 
(72.2 % vs. 27.7 %). Pearson's correlation coefficient confirmed linearity. IgG4 
(76.9 %) and IgG1 (57.7 %) were predominant IgG subclasses. All patients with a BU/
ml > 0.6 had IgG4 anti-FVIII antibodies. Patients positive and negative for NBA ex-
hibited distinct domain profiles. Moreover, patients with heavy-chain variant 
showed antibodies specific to this chain. Light-chain variant patients had hetero-
geneous domain specificity. Strong correlations to NBA was observed for patients 
with anti-FVIII antibodies towards the A2, C1, and C2 domains. Conversely, no 
notable correlation was found for the A1, B, and a3A3 domains.
Conclusion  In summary, the LumiTope assay is a sensitive and rapid method 
for characterization of anti-FVIII antibodies in HA patients. It provides higher 
sensitivity and specificity than a commercial ELISA, especially in detecting an-
ti-FVIII antibodies in patients with low inhibitor titers ( < 1 BU/ml). In addition, 
the LumiTope assay offers the possibility of simultaneous, domain-specific 
detection of anti-FVIII antibodies, allowing for more streamlined and compre-
hensive testing and better interpretation of antibody profiles in both, NBA-pos-
itive and NBA-negative patients. Better characterization of anti-FVIII antibodies 
may also allow identification of biomarkers that can guide individualized anti-
body eradication protocols.
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Introduction  Lonoctocog alfa (Afstyla) is a recombinant single-chain FVIII 
molecule with improved binding to vWF, resulting in a higher stability and 
slightly prolonged half-life [1, 2]. The aim of the present study was to assess 
the performance of lonoctocog alfa regarding incremental recovery and impact 
on coagulation assays in comparison to conventional recombinant full-length 
FVIII (Octocog alfa: Advate, Kovaltry).
Method  HA patients treated with lonoctocog alfa (group A, n = 10) or octocog 
alfa (group B, N = 8 [Advate: 5, Kovaltry: 3]) scheduled for routine assessment 
of incremental recovery were included in the study. Blood samples were taken 
at trough levels (before) and 30 min after factor substitution. Besides basic 
coagulation analysis, an extended test panel was applied. FVIII activity (FVIII:C) 
was measured by an one-stage clotting assay (OSA, Actin FS, Siemens) and two 
chromogenic FVIII assays (CSA, Siemens, Hyphen). Whole blood thromboelas-
tometry was assessed after re-calcification of samples using a ROTEM delta 
system. Thrombin generation (TG) was measured by CAT using the low tissue 
factor reagent. Thrombin-antithrombin-complexes (TAT) and Prothrombin 
fragments 1 + 2 (F1.2) were determined by respective ELISA (Siemens). Circu-
lating thrombin and activated protein C (APC) were measured using oligonu-
cleotide-based enzyme capture assays (OECA) as described elsewhere [3, 4]. 
The Kolmogorov-Smirnov- and the Levene's Test were used for analysis of data 
normality and homogeneity of variance, respectively. For assessment of statis-
tical significances (p < 0.05), the Student's t-Test, the Mann-Whitney U Test, or 
the Wilcoxon Signed-Ranks Test were applied accordingly.
Results  The patient characteristics and results are summarized in ▶Fig. 1. 
FVIII dosing and observed incremental recoveries (based on Siemens CSA) as 
well as plasma vWF-antigen and -activity were comparable between groups. 
Besides FVIII:C levels, FVIII substitution led to significant and comparable chang-
es (Δ) of the ROTEM r-time and TG parameters ETP, peak thrombin, and veloc-
ity in both groups. Interestingly, there was a trend to differences of the ROTEM 
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r- and k-times between groups. Levels of circulating coagulation biomarkers 
were generally low to non-detectable and did not significantly change after 
substitution in both groups. As expected, FVIII:C levels measured by OSA were 
underestimated for lonoctocog alfa [5].

Conclusion  Lonoctocog alfa appears to be comparable to octocog alfa with 
respect to achievable incremental recovery and corresponding effects on co-
agulation assays. The observed trend to differences in ROTEM analysis warrants 
further investigations. The found difference between OSA/CSA ratios highlights 
the known imponderables associated with use of FVIII OSAs for post-infusion 
measurements of lonoctocog alfa.
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Introduction  rVIII‑SingleChain is a B‑domain truncated recombinant factor 
VIII (FVIII), indicated for the treatment and prevention of bleeding in patients 
with haemophilia A. Previous studies have shown that rVIII‑SingleChain is effi-
cacious and well tolerated in patients with haemophilia A; however, long‑term 
studies are needed to confirm real-world effectiveness and tolerability in rou-
tine clinical practice.
Method  Data are reported from a sub‑analysis of patients from Germany in-
cluded in a non‑interventional study of patients with haemophilia A from six 
European countries receiving rVIII‑SingleChain prophylaxis or on‑demand treat-
ment. All patients with haemophilia A were eligible for enrolment. The study 
was initiated in August 2019, enrolment was completed in December 2021, 
and patients were followed‑up for up to 3 years. Annualised bleeding rates 
(ABR), annualised spontaneous bleeding rates (AsBR), infusion frequency, dos-
age and haemostatic effectiveness were recorded. Patients with < 12 weeks on 
a specific regimen were excluded from efficacy analyses. Patients could switch 
treatment regimen so may appear in multiple categories.
Results  At the second interim data cut-off on 1 February 2023, 43 previously 
treated patients with a mean (SD) age of 32.7 (16.9) years were enrolled in the 
study over a mean (SD) observation period of 25.5 (5.9) months. Patient charac-
teristics are provided in ▶Fig. 1. The median (IQR) ABR and AsBR for patients on 
any prophylaxis regimen (n = 38) were 0.0 (0.0–2.1) and 0.0 (0.0–‍1.1), respective-
ly. For patients on 2x weekly prophylaxis (n = 8) median (IQR) ABR was 0.0 (0.0–‍0.2) 
and AsBR was 0.0 (0.0–0.2). The majority of the reported bleeding episodes were 
mild in the prophylaxis and on-demand groups (50.0 % and 44.9 %, respectively). 
Overall haemostatic effectiveness was considered excellent (45.5 %) or good 
(34.5 %) in patients with available data from at least one assessment. In total, 22 
adverse events were reported in 12 patients; of these, 6 events were serious, but 
none were considered related to rVIII‑SingleChain. No patients developed inhibitors 
to FVIII during treatment with rVIII‑SingleChain.

▶Fig. 1	   Patient characteristics at baseline
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Conclusion  This second interim analysis verifies the efficacy and safety of rVI-
II‑SingleChain for use in routine prophylaxis and on-demand therapy in patients 
with haemophilia A. Data collection is ongoing to evaluate long‑term effective-
ness and tolerability.
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Introduction  Hemophilia A (HA) is the most common inherited bleeding disorder 
characterized by a deficiency in coagulation factor VIII (FVIII). Upon replacement 
therapy, over 30 % of patients develop inhibitory antibodies (inhibitors), rendering 
the treatment ineffective [1, 2]. An immune tolerance induction (ITI) therapy has 
been developed, wherein patients receive frequent, high-doses of FVIII, to build 
up tolerance and prevent inhibitor formation. Recently, antigen-specific induced 
regulatory T cells (Tregs) expressing PD-L1 were identified as the cell population 
responsible for mediating suppression [3].
Several case studies have associated ITI failure or prolonged tolerization periods 
with immunologic challenge i.e., Staphylococcus aureus (S. aureus) infection. 
Identifying risk factors and mechanisms of tolerance breakdown could help 
discover potential novel biomarkers to predict ITI success [4, 5].
Method  To understand the impact of infectionon the FVIII-specific immune 
response the following setting was applied: HemA mice intravenously received 

2IU recombinant human (rh)FVIII twice a week for 3 weeks to develop tolerance. 
On day 21, one group was additionally infected with S. aureus (USA 300 lac) 
through an intravenous injection. At alternate time points, splenocytes were 
aseptically harvested for further analysis by flow cytometry, ELISPOT and RT-qP-
CR. Blood was also collected before and after infection to analyze inhibitor 
abundance and FVIII activity.
Results  Importantly, upon infection a significant increase in inhibitor titres 
was observed in comparison to the non-infected controls. Enhanced antibody 
production was accompanied by an increase in FVIII-specific B cells with an 
abrogated PD-1 expression and increased survival. Furthermore antigen-spe-
cific Treg function seemed to be dampened by the infection, but interestingly 
Treg numbers remained stable. On the contrary the T helper cell number and 
function was amplified. Overall, this led to a significant reduction in active 
FVIII in the serum and indicated that infection disrupted induced tolerance.
Conclusion  These initial results suggest that S. aureus infection could destroy 
induced tolerance by promoting a pro-inflammatory environment and prevent-
ing suppression of the FVIII-specific immune response. By identifying specific 
infection-mediated risk factors, involved in ITI breakdown, like cytokines, the 
treatment can be adapted and resulting complications might be minimised.
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Introduction  Development of hemophilic arthropathy and chronic joint pain 
occurs even with the current standard of care (SoC) for hemophilia A. The com-
pleted Phase 3 study XTEND-1 (NCT04161495) showed once-weekly efane-
soctocog alfa was well tolerated in adults and adolescents with severe hemo-
philia A and provided superior bleed prevention to prior FVIII prophylaxis. Here, 
we report changes in joint health from baseline to Week 52 using the Hemo-
philia Joint Health Score (HJHS) v2.1 in patients from the XTEND-1 study.
Method  Patients on prior FVIII prophylaxis were enrolled into Arm A (52 weeks 
of once-weekly efanesoctocog alfa prophylaxis [50 IU/kg]). Patients receiving 
prior on-demand therapy entered Arm B (26 weeks of on-demand efanesoc-
tocog alfa [50 IU/kg], then 26 weeks of once-weekly prophylaxis). Six joints (left 
and right ankle, elbow, and knee) were scored according to 9 HJHS domains. 
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Gait was scored based on walking and climbing stairs. Total score was the sum 
from all 6 joints plus gait score. Total HJHS change from baseline to Week 52 
was estimated in both study arms by mixed-effects model with repeated meas-
ures. Changes from baseline to Week 52 in HJHS domains are presented de-
scriptively.
Results  Baseline mean (standard deviation [SD]) HJHS was 18.1 (18.4) in Arm 
A (n = 116) and 26.3 (13.2) in Arm B (n = 25). Significant improvements in total 
HJHS from baseline to Week 52 were observed; least squares (LS) mean (95 % 
confidence interval [CI]) change was –1.54 (–2.70, –0.37; P = 0.0101; n = 107) 
in Arm A and –4.1 (–7.94, –0.25; P = 0.0382; n = 22) in Arm B. In Arm A, the 
HJHS domains with greatest mean (SD) change from baseline to Week 52 were 
swelling –0.3 (1.2), muscle atrophy –0.3 (1.2), crepitus on motion –0.3 (1.2), 
and flexion loss –0.3 (1.6). In Arm B, HJHS domains with greatest mean (SD) 
change from baseline to Week 52 were swelling –0.6 (1.1), duration of swelling 
–0.4 (0.7), crepitus on motion –0.6 (1.8), flexion loss –0.7 (3.1), joint pain –0.4 
(1.5), and strength –1.2 (2.4).
Conclusion  Significant improvements in joint health were observed within 1 
year of starting efanesoctocog alfa treatment in both study arms. These data 
suggest that once-weekly efanesoctocog alfa prophylaxis may improve joint 
health in adults and adolescents with severe hemophilia A, and offer benefits 
above current SoC FVIII prophylaxis.
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Introduction  In patients with severe hemophilia A (HA), bleeding prophylax-
is is standard of care to prevent life-threatening hemorrhages and disabling 
arthropathy and to improve health-related quality of life. Intravenous replace-
ment therapy with standard (SHL) or extended half-life (EHL) factor VIII (FVIII) 
concentrates, subcutaneous administration of a FVIIIa-mimetic bispecific mon-
oclonal antibody, and AAV5-based F8 gene transfer to hepatocytes are prophy-
lactic treatment options for adult patients with severe HA who fulfill the respec-
tive eligibility criteria. Active participation of patients and their relatives in a 
structured shared decision-making (SDM) process has been shown to improve 
treatment satisfaction and outcomes in various clinical indications other than 
severe HA.
Method  Physicians specialized in the treatment of inherited bleeding disor-
ders, representatives of two hemophilia patient organizations, and members 
of a professional SDM program used International Patient Decision Aids Stand-
ards (IPDAS) criteria to provide evidence-based, plain language answers to the 
following questions related to the three existing treatment options replace-
ment therapy with SHL/EHL FVIII concentrates, FVIIIa-mimetic therapy with a 
bispecific antibody, and AAV5-based F8 gene therapy (▶Fig. 1): What does the 
treatment involve? Will it help my bleeding tendency? How long will the treat-
ment effect last? Can the treatment prevent joint damage? How will treatment 
impact my quality of life? Will the treatment prolong my life? What are the risks 
or side effects? Are there long-term negative effects of treatment to be expect-
ed? The project was supported by Roche/Chugai Pharma.

Results  A web-based patient decision aid for bleeding prophylaxis in severe 
HA was developed to identify individual patient needs, to facilitate communi-
cation with healthcare professionals, and to support efficient decision-making 
for improved treatment satisfaction and outcomes. Written information on the 
natural course of the bleeding disorder and available treatment options is sup-
plemented with short videos of patients and physicians explaining their per-
sonal expectations and treatment-specific aspects, respectively. By answering 
and hierarchically ordering questions on their values and preferences, patients 
are assisted in identifying the prophylaxis regimen that best fits their individ-
ual needs. The patient decision aid will be regularly updated when novel evi-
dence on existing or new treatment options become available. The structure 
and content of the decision aid and initial data on its acceptance by patients, 
relatives, and healthcare professionals will be presented. The decision aid is 
available free of charge on the internet.

▶Fig. 1	   Flow chart for the creation of a decision aid
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Conclusion  Using validated IPDAS criteria, an evidence-based, easy under-
standable digital patient decision aid was developed with the potential to im-
prove patient care in severe HA.
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Introduction  Efanesoctocog alfa is a new class of factor VIII replacement de-
signed to overcome the von Willebrand factor-imposed half-life ceiling. The 
completed Phase 3 study XTEND-1 (NCT04161495) showed once-weekly 
efanesoctocog alfa was well tolerated in adults and adolescents with severe 
hemophilia A and provided superior bleed prevention to prior FVIII prophylax-
is. Here, we report on the use of efanesoctocog alfa for the treatment of bleed-
ing episodes (BEs) during XTEND-1.
Method  Patients on prior prophylaxis before XTEND-1 were enrolled into Arm A 
(52 weeks of once-weekly efanesoctocog alfa prophylaxis [50 IU/kg]). Patients 
receiving prior on-demand therapy entered Arm B (26 weeks of on-demand efane-
soctocog alfa [50 IU/kg], then 26 weeks of once-weekly prophylaxis). BEs were 
treated with single-dose efanesoctocog alfa (50 IU/kg) and additional doses (30 or 
50 IU/kg) as needed every 2–3 days. The number and location of treated BEs, and 
dose and number of efanesoctocog alfa injections to resolve BEs, were evaluated. 
Patient assessment of the response to bleed treatment was evaluated using the 
4-point ISTH scale (excellent, good, moderate, and none).
Results  Overall, 133 patients enrolled in Arm A and 26 in Arm B. Median 
(range) annualized bleed rate was 0.0 (0.0–11.0) in Arm A, and 21.1 (8.3–33.4) 
and 0.0 (0.0–4.1) for the 6-month on-demand and prophylaxis periods of Arm 
B, respectively. There were 362 BEs treated with efanesoctocog alfa, of which 
86 occurred in Arm A, 268 occurred during Arm B on-demand treatment, and 
8 occurred during the subsequent Arm B prophylaxis period. Of the BEs in Arm 
A, 33 (38 %) were spontaneous, 45 (52 %) traumatic, and 8 (9 %) of unknown 
aetiology. Corresponding values in Arm B were 197 (74 %), 62 (23 %), and 9 (3 %) 
for the on-demand period, and 5 (63 %), 2 (25 %), and 1 (13 %) for the prophy-
laxis period. Most BEs occurred in joints (79 %) and muscles (14 %). A single 
injection was sufficient to resolve 96.7 % of BEs. All but 1 BE were controlled 

by ≤ 2 injections. Median (interquartile range) total efanesoctocog alfa dose 
for BE resolution was 50.9 (50.0–51.8) IU/kg. Most (94.9 %) patient assessments 
of the BE treatment response were excellent or good.
Conclusion  A single 50 IU/kg dose of efanesoctocog alfa effectively treated 
96.7 % of BEs regardless of bleed type and location in patients receiving proph-
ylaxis or on-demand treatment.
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Introduction  The efficacy and safety of a long-acting recombinant factor IX 
albumin fusion protein (rIX-FP) in patients with haemophilia B has been previ-
ously demonstrated in clinical trials. rIX-FP provides dosing flexibility allowing 
selected patients to receive prophylaxis at intervals up to 21 days. Data from 
routine clinical practice on the use of rIX-FP are required. Therefore, prospec-
tive, multicentre studies are ongoing to obtain data on the effectiveness and 
tolerability of rIX-FP when used to treat patients with haemophilia B during 
routine clinical practice.
Method  A non-interventional study was initiated in Germany in March 2018. 
All patients with haemophilia B receiving rIX-FP for treatment and prophylaxis 
of bleedings were eligible for enrolment. The treatment fell within current clin-
ical practice of the investigator. Patients were excluded in the presence of in-
hibitors and multi-factor deficiency. Annualised bleeding rates (ABR), annual-
ised spontaneous bleeding rates (AsBR), infusion frequency, dosage and 
haemostatic effectiveness were recorded. Patients are routinely monitored 
every 3–12 months and followed-up for 3 years.
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Results  At the interim data cut-off on 18 September 2023, 73 patients were 
enrolled in the study across 22 sites, which includes 9 previously untreated 
patients (PUPs). The recruitment was completed in March 2021, and follow-up 
is ongoing. At baseline, patients ranged in age from 1–80 years with a mean 
(SD) of 27.4 (19.6) years. Patients with available data had an estimated mean 
(SD) of 105.5 (75.8) exposure days to rIX-FP (n = 65), and the majority had 
moderate or severe haemophilia B (n = 59). To date, 54 patients completed the 
study, 10 are ongoing and 9 discontinued. 82 adverse events (AEs) in 34 pa-
tients have been reported including 19 events assessed as serious, none of 
which were considered related to rIX-FP. No patients have developed inhibitors. 
Analyses of bleeding rates, haemostatic effectiveness and rIX-FP consumption 
are currently being performed.
Conclusion  To date, interim results from this study indicate that rIX-FP proph-
ylaxis is well tolerated in both adults and paediatrics in routine clinical practice. 
Further data collection is ongoing to assess the long-term effectiveness and 
tolerability of rIX-FP in the real-world clinical setting.
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Introduction  Full-length factor VIII protein (FL-FVIII) is biochemically com-
posed of A, B, and C domains [1]. Current structural information is skewed 
towards the B domain deleted FVIII (BDD-FVIII), leaving most of the heavily 

glycosylated B domain to be structurally unresolved [2]. In this study, we com-
bined atomic force microscopic (AFM) techniques with molecular modeling 
and a unique AFM assembly pipeline to unravel the spatial orientation of the 
FVIII B-domain with respect to the rest of the FVIII protein in the FL-FVIII. Our 
goal is to understand the effect of the B domain in the binding of interacting 
partners vWF, Thrombin, and inhibitory antibodies were performed using re-
fined FL-FVIII and BDD-FVIII.
Method  AFM imaging of highly pure recombinant and plasma-derived FL-FVI-
II and FVIII-vWF complex was performed. Samples were imaged with the off-res-
onance oscillation mode in liquid (imaging buffer) using a Multimode-8 micro-
scope (Bruker). Refinement of the previously simulation equilibrated 
glycosylated and non-glycosylated FL-FVIII computational models was per-
formed using x-plor and Coot. The refined models of FL-FVIII and BDD-FVIII 
were then fit onto the topographic images from AFM using DockAFM [3]. Com-
parative surface area accessibility studies also were performed with YASARA.
Results  In the AFM topographs, FL-FVIII and BDD-FVIII appeared globular/
spherical whereas the FVIII-vWF complex appeared to have longer vWF tails 
connected to globular FVIII (▶Fig. 1a). These topographs of the FL-FVIII and 
FVIII-vWF complex showed an average height of 6-7 nm in liquid, and the 
BDD-FVIII showed an average height of 4 nm. Appropriate parameters were 
defined to dock the FVIII structure under the AFM topography (128 pixels [3], 
grid space of 4 Å, threshold of 30 Å, favorable region of 40 Å). Spatial position-
ing and various orientations of the FL-FVIII, BDD-FVIII, and FVIII-vWF complex 
were identified by the fits obtained from DockAFM (▶Fig. 1b). Accessible sur-
face area analysis suggests that FL-FVIII has a decreased interaction with known 
reported inhibitors compared to BDD-FVIII. Additionally, a FL-FVIII – D’-D3-von 
Willebrand factor complex has been built.

Conclusion  The refined FL-FVIII models show the significance of glycosylation 
in stabilizing the orientation of the B domain and the overall structure of FL-FVI-
II. Our current three-dimensional atomic model of FL-FVIII is compatible with 
experimental topographic surfaces of FVIII obtained with AFM. The difference 
in height is likely due to the B domain of FL-FVIII. It also suggests that the con-
formation of the B domain is distributed over all the FVIII structure and does 
not form a separate domain. Differences in surface area accessibility between 
FL-FVIII and BDD-FVIII indicate that the binding of FVIII interacting partners or 
neutralizing antibodies might structurally and functionally differ. The D’-D3 
domains of vWF in FL-FVIII – D’-D3-von Willebrand complex fit easily into our 
FL-FVIII structural model.

▶Fig. 1	 AFM analysis of the FL-FVIII, BDD-FVIII and FVIII-vWF 
complex; a. AFM topographs of FL-FVIII and BDD-FVIII showing 
globular conformations and FVIII-vWF complex showing globular 
FVIII connected to vWF tails (Left to Right, respectively). b. Spatial 
positioning of the FL-FVIII, BDD-FVIII, and FVIII-vWF complexes 
identified by the fits obtained from DockAFM (Left to Right, respec-
tively).
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Introduction  Haemophilia patients show interindividual differences in bleed-
ing tendencies despite comparable values of coagulation factor activities VIII 
and IX. This led to the assumption that other factors may influence the bleeding 
phenotype, among them the function of primary haemostasis. Contradictory 
data can be found in the literature with increased platelet activities as a com-
pensatory mechanism in haemophilia and a lack of differences compared to 
healthy controls. We comprehensively investigated the primary haemostasis 
in children and young adults with haemophilia using different methods.
Method  Platelet aggregation and release of adenosine triphosphate were in-
vestigated in citrated whole blood using the Chronolog lumi-aggregometer 
with the agonists adenosine diphosphate (ADP, final concentration: 20 μM), 
arachidonic acid (AA, 0.5 mM), collagen (1 μg/ml), ristocetin (1 mg/ml) and 
thrombin (0.5 U/ml). Samples from 38 patients (33 with haemophilia A: severe 
n = 24, moderate n = 1, mild n = 8 and 5 with hemophilia B: severe n = 3, mod-
erate n = 1, mild n = 1) with an average age of 11 years (range: 1 to 32 years) 
and 30 healthy controls (mean age 5.5 years, range: 1 to 19 years) were includ-
ed. Platelet function was also analyzed in platelet-rich plasma using light trans-
mission aggregometry (ADP 2.5 and 5 µM, AA 1.0 mM, collagen 2.0 and 10.0 
µg/ml) in 45 patients and controls, and flow cytometry (CD42, PAC-1 CD62P, 
CD63, mepacrine-uptake and -release) in 45 patients and 39 controls. In addi-
tion, PFA-100®​ closure times, von Willebrand factor parameters, blood cell 
counts and blood group were determined.
Results  We found a significantly higher maximum platelet aggregation in 
whole blood induced by arachidonic acid and collagen in the haemophilia group 
compared to the controls. However, the median values of maximum aggrega-
tion were within the reference range in both groups. A significant difference 
was also observed in the analysis of all patients with haemophilia A, as well as 
in the subgroup consisting of patients with severe and moderate disease. Plate-
let flow cytometry showed a significantly decreased ADP-induced CD63 expres-
sion and mepacrine release in the haemophilia group compared to controls. 
Concerning the blood cell count, haemophilia patients showed a significantly 
lower median platelet count, but in both groups platelet counts were in the 
normal range. For the other parameter no differences between both groups 
were detected.
Conclusion  Our data show clinically non-relevant differences in primary hae-
mostasis function between patients with haemophilia and healthy controls. 
However, an influence of the function of primary hemostasis, including platelet 

function, on the clinical phenotype cannot be ruled out, at least in some pa-
tients. Therefore, it makes sense to carry out comprehensive coagulation di-
agnostics in haemophilia patients in order to identify the individual factors 
influencing the bleeding phenotype and, if necessary, to take them into account 
in bleeding risk situations.
Conflict of Interest  None
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Introduction  The development of arthrofibrosis following one or more joint 
bleeds remains an unsolved problem for hemophilia patients and their health 
care providers. We hypothesize that the risk of bleeding in hemophilia results 
in aberrant wound healing and increased inflammation.
Method  Recognizing the role of macrophages in wound healing, we system-
atically assessed macrophage function in the context of hemophilia.
Results  The ensuing studies revealed a deficit in regenerative macrophage 
markers in connection with reduced wound healing in monocytes isolated from 
the blood of a randomly selected cohort of hemophilia patients. In a mouse 
model of hemophilia, we observed a delayed influx and reduced phagocytic 
activity of hemophilia macrophages after joint bleeding, which resulted in de-
layed resorption of blood and increased inflammation due to neutrophil per-
sistence. Inflammation coincided with increased interleukin-6 levels in blood 
samples from hemophilia patients with acute bleeding.
Conclusion  IL-6 could be a useful biomarker for joint bleeds in hemophilia 
patients.
Conflict of Interest  None
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Introduction  The inhibitor development in mild hemophilia A [HA] is rare. Due 
to cross-reactivity of the inhibitor to the endogenous FVIII, plasma FVIII activ-
ity may decrease and bleeding complication can increase. The INSIGHT Study 
reported a cumulative incidence of 5.3 % after a median of 28 exposure days. 
The inhibitors disappeared in around 70 % of patients after a median of 45 
weeks and in 70 % of them without a specific eradication treatment [1, 2].
Method  We report the clinical and immunological course of a 4 year old boy 
with mild HA (FVIII 20 %) caused by a missense mutation (M2164V), not de-
scribed as high-risk mutation for inhibitor development in mild HA [1, 2] .
Results  He developed low titer inhibitor (4.6BU) following tonsillectomy with 
rFVIII substitution (50IU/kgBW) for 10 days. Routine inhibitor monitoring re-
vealed an FVIII level of 1.1 % and an inhibitor of 4.6 BU with clinically increased 
bleeding. After diagnosis of inhibitor and change of endogenous FVIII activity 
to levels comparable to moderate/severe hemophilia, we started a treatment 
with emicizumab as bleeding prophylaxis. Bleeding symptoms disappeared.
The immunological characterization of the inhibitory antibody at first detection 
showed IgG1, IgG3 and IgG4 specific for FVIII, but with IgG3 highest, and a 
binding to FVIII domains HC (A2) and LC (C1 and C2).
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During the 9 month follow up (August 2023) without FVIII substitution, the 
inhibitor disappeared ( < 0.6BU) in May 2023 and FVIII levels slowly increased 
to 11.5 %. While IgG1 and IgG3 decreased, IgG4 increased over time, reached 
a plateau and has started to decrease since May. The binding to FVIII domains 
decreased for all domains but the A1 domain. After 9 month, IgG4 and binding 
to A1 decreased further, but remained borderline positive.
Conclusion  Although no high-risk mutation was present, the mild HA patient 
developed low-titer inhibitor after FVIII substitution for surgery, changing mild 
HA to a moderate to severe phenotype. This underlines the importance of 
regular inhibitor analysis following FVIII substitution also in patients with mild 
HA.
The immunological profile at beginning seemed comparable with that of severe 
HA with inhibitor. Despite negative inhibitor testing and increasing FVIII activ-
ity but not to the initial levels, the FVIII antibody screen remained positive with 
highly positive IgG4 subclass and increasing binding to domain A1. This demon-
strates a specific antibody response against FVIII despite negative inhibitor 
testing. It is unknown if this is a predictor for inhibitor reoccurrence after an-
other FVIII exposure, but should be carefully considered.
Therefore, in addition to the inhibitor analysis a more detailed analysis of im-
mune response to FVIII, for instance the testing for FVIII-specific IgG and IgG 
subclasses may give further insight into the actual immune response to FVIII in 
patients receiving intermittent FVIII, including moderate and mild patients or 
severe patients on emicizumab prophylaxis.
Disclosures IW: Clinical studies: Boehringer-Ingelsheim, Pfizer, Roche/Chugai, 
Shire, Sobi,; Consultings: Bayer, Biotest, CSL Behring, Novo Nordisk, Octaphar-
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Introduction  Von Willebrand factor (VWF) replacement therapy is common-
ly used in the treatment of patients with von Willebrand Disease (VWD) who 
do not respond to or cannot use desmopressin. While its effectiveness in adults 
is well-known, it is important to investigate its usage in the paediatric popula-
tion, as it is a key element in the clinical trial programme of a VWF product 
because children may respond differently to treatment.
Method  This pooled analysis gives new data from five clinical studies conduct-
ed by LFB between 1999 and 2014, using a plasma-derived VWF concentrate 
almost devoid of factor VIII (FVIII) in patients under 18 years old. A total of 56 
paediatric patients were included in the analysis, categorised into three age 
groups ( < 6 years, 6-11 years, and 12- < 18 years). These patients received at 
least one injection of VWF for the treatment of bleeding episodes (BE), preven-
tion during surgery, as well as short or long-term prophylaxis to prevent BE.

Results  Among the patient population, 54 % were female. Most patients had 
type 3 (25) or type 2 (27) VWD. Basal FVIII:C (factor VIII coagulant activity) 
levels were < 20 IU/dL in 59 % of patients. The treatment efficacy and safety were 
assessed based on 122 BEs (including gastrointestinal, musculoskeletal, epistax-
is, intrabuccal, and other types) and 29 surgical/invasive procedures (including 
orthopaedic, urological, dental, and general procedures). Investigator assess-
ment of treatment was rated as excellent/good in 89.3 % of BEs and 100 % of 
surgical/invasive procedures. The dosages of VWF varied between age groups 
and specific clinical situations. FVIII was co-administered in 23 % of treatment 
events. Long-term prophylaxis was given for 22 occasions in 17 patients, ap-
proximately twice a week with a median dose of 40 IU/kg (patients aged ≥ 12 
years) and 50 IU/kg (other age groups). Adverse drug reactions were reported 
in only one 17-year-old patient (1.8 %), consisting of two non-serious episodes 
of dizziness that resolved within 15 minutes without any corrective treatment. 
No inhibitors were reported in any of the trials.
Conclusion  This data suggests that a plasma-derived VWF concentrate with 
low FVIII content, is effective and has a favourable safety profile in paediatric 
patients with VWD. Similar to adults, the dosage and duration of treatment 
should be adjusted based on the patient's clinical condition and VWF:RCo (VWF 
Ristocetin cofactor) and FVIII:C plasma levels during treatment.
Conflict of Interest  Prof. Goudemand: LFB, Roche-Chugai; Dr. Borel-Derlon: 
LFB, Takeda, Roche-Chugai; Prof. Yohann Repesse: CSL Behring, LFB, Octaphar-
ma, Shire, Takeda; Prof. Sophie Susen: Biomarin, CSL Behring, Roche, LFB, No-
voNordisk, Sanofi, siemens Healthiners, Sobi, Stago, Takeda.
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Introduction  Hemophilia is a rare X-linked bleeding disorder caused by mu-
tations in the factor VIII or IX gene (hemophilia A or B). The hallmark of hemo-
philia is bleeding into joints, which leads to pathological changes and painful 
joint damage, which progresses with increased age, adding to morbidity and 
impacting functionality and quality of life. We hypothesized that hemophilia 
as a chronic disease is associated with accelerated biological aging. Therefore, 
we aimed to investigate biomarkers of biological aging (human mitochondrial 
DNA (mtDNA) copy number and absolute human telomere length) in patients 
with hemophilia of different severity.
Method  We performed a cross-sectional study at our hemophilia treatment 
center for adults utilizing blood that was collected within the Austrian Haemo-
philia Registry and stored at the biobank of our hospital. DNA was isolated with 
the Promega Maxwell RSC Blood DNA Kit AS1400 for the Maxwell automated 
system. The average human mtDNA copy number and telomere length were 
measured with qPCR-based assay kits. We investigated the association of bio-
logical markers of aging with hemophilia severity by fitting ordinary least 
squares regression models, adjusting for chronological age.
Results  We included 97 hemophilia patients (median age: 35 [IQR 24.0-46.5] 
years; 86 hemophilia A and 11 hemophilia B) in this study, of whom 64 (66 %) 
had severe, 11 (11 %) moderate, and 22 (23 %) mild hemophilia. Telomere 
length (median: 6.31 [IQR: 4.82–8.16] kb) and chronological age showed a 
weak negative correlation (Spearman’s ρ = -0.27 [95 % CI -0.45, -0.06]; ▶Fig. 
1a). The median telomere length was 5.28 (IQR 4.02–6.81) kb in mild, 5.35 
(IQR 3.88–6.69) kb in moderate, and 6.65 (IQR 5.57–8.82) kb in severe hemo-
philia patients. When adjusting for chronological age, severe hemophilia was 
associated with a 1.58 (95 % CI 0.49, 2.66) kb higher mean telomere length 
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compared to non-severe hemophilia (▶Fig. 1a). Linear regression of mtDNA 
copy number (median: 255.7 [IQR: 219.0 – 308.1]; ▶Fig. 1b) on age and se-
verity remained inconclusive.

Conclusion  We have observed a weak correlation of telomere length with 
chronological age in patients with hemophilia. Interestingly, age-adjusted 
mean telomere length was significantly shorter in patients with mild and mod-
erate hemophilia compared to those with severe hemophilia. This result ques-
tions our initial hypothesis of increased biological aging in severe compared to 
non-severe hemophilia patients. Further investigations are needed to better 
characterize biological aging in hemophilia.
Conflict of Interest  The authors declare that they have no competing inter-
ests.
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Introduction Since the introduction of the long acting recombinant factor VIII 
preparations (LArFVIII) and the monoclonal antibodies (mAB), these product 
classes are increasingly replacing the previously used plasmatic (pdFVIII) and 
short acting recombinant factor preparations (SArFVIII). Starting in 9/2020 
factor dispensing is documented in about 100 specialized hemophilia pharma-
cies with the smart medication ScanDoc software tool. The retrospective anal-
ysis of documentation shows the change over time in product classes in Ger-
many.
Method: With the introduction of the GSAV in 2019 and the elimination of the 
special distribution channel directly through hemophilia centers, factor prepa-
rations are provided to patients exclusively through pharmacies. The reporting 
obligation of the pharmacy to the prescribing physician (regulated in ApBertrO) 
starting in 9/2020 has since been supported by the smart medication ScanDoc 
software tool and is used in about 100 pharmacies in Germany. The present 
analysis covers a period of 37 months (9/2020 – 9/2023) with a total of 22794 
prescription records. The pharmacy sales price (AVP) of the dispensed factor 
preparations amounts to almost EUR 630 million.
Results  Since 9/2020 the following changes could be observed (details see 
▶Fig. 1):

▶Fig. 1	 a) telomere length of patients with non-severe and severe 
hemophilia in relation to age: A weak inverse correlation between 
telomere length and age can be seen. b) mtDNA copy number of 
patients with non-severe and severe hemophilia in relation to age: No 
correlation between mtDNA copy number and age was found. The 
lines and shaded region depict age-adjusted fitted values and ac-
companying 95 % confidence bands for severe (pink) and non-severe 
hemophilia (blue), respectively.

LArFVIII  increase of total AVP from 18 % to 30 % ( + 12 %)
mAB  increase of total AVP 12 % to 30 % ( + 17 %)
pdFVIII  decrease of total AVP from 22 % to 15 % (- 8 %)
SArVFIII  decrease of total AVP from 47 % to 26 % (- 22 %)(AVP = Apothekenver-
kaufspreis, pharmacy sales price)
Conclusion  The retrospective data analysis shows that the modern therapy 
options (LArFVIII, mAB) are gradually replacing the previously established 
preparations (pdFVIII, SArFVIII). SArVFIII preparations declined with -22 % and 
pdVFIII with -8 % in total value over the observation period of 37 months. Inter-
estingly, the decline of pdFVIII preparations is significantly slower than that of 
SArVFIII preparations. In contrast modern therapy options each increased 
by + 12 % (LArVFIII) and + 17 % (mAB) in total value. Back in 2020 classical ther-
apy options (pdFVII, SArFVIII) still accounted for 70 % of the total value, but in 
2023 modern therapy options (LArFVIII, mAB) already have a share of 60 % with 
a still increasing relevance.
Conflict of Interest  none.
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Introduction  In hemophilia patients the bleeding phenotype generally corre-
lates with the residual FVIII levels, which depend on the genetic mutation un-
derlying the condition. However, different bleeding tendencies can be observed 
in patients with equal FVIII levels, raising the question which other parameters 
contribute to the variable bleeding phenotype in these patients. We investigate 
the role of platelets (PLTs) in patients with hemophilia. Our focus lies on the 
procoagulant subpopulation of PLTs, which are characterized by P-selectin ex-
pression and exposition of phosphatidylserine (PS).
Method  We measured thrombin generation (TG) in a calibrated automated 
thrombinoscope for TG in platelet rich plasma (PRP) and platelet poor plasma 
(PPP) of hemophilia patients. We inhibited PLT surface PS (with lactadherin) in 
PRP with different FVIII levels. Further, we investigated TG in PRP of healthy 
controls upon PLT activation (TRAP-6, Convulxin (CVX), and a combination of 
both). Lastly, we measured hemophilia PRP spike-in samples with hemophilia 
drugs (plasma derived human FVIII, Efmoroctocog alfa and Octocog alfa).

▶Fig. 1	   Change in product classes in the period under analysis
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Results  An endogenous thrombin potential (ETP) is detectable with all FVIII 
levels in PPP. Whereas in PRP an ETP was not measurable in low FVIII concentra-
tions. PS inhibition showed that in a low FVIII environment (FVIII 10 %) the 
lagtime (p = 0.0037) and time to peak (ttpeak) (p = 0.0148) are significantly 
prolonged and the thrombin peak is significantly lower (p = 0.0095), indicating 
that TG is PS dependent in a low FVIII environment.
Contrasting to low FVIII environments, lagtime and ttpeak are not affected by 
PS inhibition under high FVIII activity (FVIII 70 %) (p = 0.3, and p = 0.07, respec-
tively) indicating that the PS dependency is stronger in low FVIII environments. 
Only the thrombin peak was significantly lower with PS inhibition and high 
FVIII activity (p = 0.001). Activation of PRP samples with TRAP-6 + CVX height-
ened the thrombotic potential of healthy controls, as well as in hemophilia 
patients.
In the FVIII spike-in samples the thrombin peak (p = 0.001), lagtime (p = 0.0028) 
and ttpeak (p < 0.0001) steadily improved with higher FVIII levels, as well as ETP 
(p = 0.0158).
Conclusion  Our findings show steadily improving parameters in TG in FVIII 
spike in studies, indicating that TG on PLTs depends on FVIII concentration and 
that there is a minimum FVIII level necessary for sufficient TG on PLTs, which we 
saw in hemophilia patients. TG on PLTs depends on PS exposure. The PS de-
pendency is stronger in low FVIII environments (FVIII 10 %) in comparison to 
high FVIII environments (FVIII 70 %), however high FVIII concentrations cannot 
fully compensate for PS inhibition. Induction of procoagulant platelet formation 
improves TG, indicating the crucial role of procoagulant PLTs in allowing hemo-
philia patients to compensate their FVIII deficiency.
Conflict of Interest  Nothing to declare.
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Introduction  With the aging population of hemophilic patients, cardiovascu-
lar diseases are also increasing among these patients. Atrial fibrillation is one 
of these increasing diseases. Despite the reduction in a clotting factor, these 
patients are at risk of a stroke. Permanent anticoagulation may be necessary 
despite bleeding tendency. In this case, we report a patient with mild hemo-
philia A (residual activity 10 %) and atrial fibrillation.
Method  The therapeutic options in patients with atrial fibrillation were anti-
coagulation with, for example, apixaban 2x5mg or 2x2.5mg in a reduced dose. 
The second option would be pulmonary vein isolation with subsequent medi-
um-term anticoagulation until the atrium has completely healed or cardiover-
sion, as a third option, with short-term anticoagulation. If no thrombus can be 
detected in TEE after 4 weeks of anticoagulation, anticoagulation is stopped 
again. The final option would be an atrial occluder, which prevents a thrombus 
from forming. It is particularly suitable for patients where long-term anticoag-
ulation is contraindicated. However, long-term secondary prophylaxis with 
aspirin is usually indicated.
Results  After unsuccessful rhythm control with medication, cardiologist de-
cided to undergo cardioversion with amiodarone within 1 year of the onset of 
persistent atrial fibrillation. This results in an improvement in morbidity and a 
reduction in cardiovascular events. Mortality remains unaffected in this proce-
dure.

For this purpose, the patient received recombinant factor VIII, which he had 
already received regularly in the past as on-demand therapy. After one week, 
anticoagulation with apixaban was reduced to 2x2.5mg and continued for an-
other 3 weeks. Factor therapy was also continued during this time (trough 
level 30 %). A TEE check was carried out after 4 weeks. If there was no evidence 
of cardiac thrombi and sinus rhythm was present, anticoagulation therapy was 
stopped. So far the patient remains in sinus rhythm. Neither thromboembolic 
complications nor bleeding complications occurred during therapy or after-
wards.
Conclusion  Although patients with hemophilia have an increased risk of bleed-
ing, diseases such as atrial fibrillation also have an increased risk of stroke. A 
lack of guidelines in this area leads to difficult therapy decisions, which are 
sometimes certainly wrong for the individual patient. Therefore, the consistent 
collection of individual cases like this is important in order to increase the evi-
dence piece by piece.
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Introduction  Von Willebrand factor (VWF) is a plasma glycoprotein mainly 
known for its function in hemostasis but also involved in (patho)-physiological 
processes, such as angiogenesis and inflammation. In association with inflam-
mation, VWF deficiency or inhibition was suggested to decrease vascular per-
meability. Deficiency of VWF can lead to the bleeding disorder von Willebrand 
disease (VWD). VWD arises from mutations in the von Willebrand factor (VWF) 
gene, leading to qualitative or quantitative defects in the VWF protein. Angiod-
ysplasia is the most common vascular abnormality in the gastrointestinal tract, 
characterized by fragile and leaky blood vessels with increased permeability, 
and associated with von Willebrand disease (VWD). The mechanisms by which 
VWF modulates endothelial cell permeability are poorly studied.
Method  The study was conducted in cultured human umbilical vein endothe-
lial cells (HUVECs), in which a VWD phenotype was mimicked by siRNA knock-
down of VWF. HUVEC-permeability experiments were carried out after si-RNA-
VWF transfection by seeding knock-down cells on filter membranes (pore size 
0.4 µm) in a two-compartment system. HRP-conjugated streptavidin-contain-
ing medium was collected from the lower compartment after passing through 
the EC monolayer. For measuring absorption of HRP-conjugated streptavidin, 
a colorimetric tetramethylbenzidine (TMB) substrate assay was performed us-
ing an ELISA plate reader. Effect of downregulation of VWF on actin cytoskele-
ton and changes in VE-Cadherin (VE-Cad) localization at the cell-cell junctions 
was analyzed by fluorescence microscopy. Expression levels were determined 
by Western blotting.
Results  si-RNA transfection significantly reduced VWF expression (86 ± 8,08 %) 
in HUVECs compared to si-Neg controls. Downregulation of VWF induced an 
increase in permeability (544,15 ± 287,21 %) of endothelial monolayers com-
pared to controls (▶Fig. 1a) which was accompanied by derangements of 
actin cytoskeleton and loss of VE-Cad from cellular junctions. Downregulation 
of VWF enhanced stress fiber formation and loss of peripheral actin from cell 
borders and increased intercellular gap formation in HUVEC monolayers com-
pared to controls. A reduced expression of VE-Cad was observed in VWF down-
regulated cells (▶Fig. 1b).

S48



Hämostaseologie 2024; 44: S1–S125 | © 2024. Thieme. All rights reserved.

Conclusion  These data indicate that VWF plays an important role in the integ-
rity of endothelial monolayers, as its downregulation induces loss of endothe-
lial barrier function. Preservation of endothelial monolayer integrity may offer 
a new therapeutic maneuver for the treatment of angiodysplasia.
Conflict of Interest  None
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Introduction  The Hungarian von Willebrand patient registry contains data on 
patient demographic characteristics and treatment modalities.
Method  The registry collected data on 1201 patients from 9 treatment 
centers, representing about 85 % of all patients diagnosed with von Willebrand 
disease (vWD) in Hungary. With the participation of 4 treatment centers, all 
events requiring treatment were recorded in the registry over a 24-month pe-
riod from 1 June 2019 to 31 May 2021. The 4 centers included the largest adult 
and pediatric care centers, and two additional comprehensive centers, which 
together provide care for 1047 patients, covering around 87 % of patients in 
the registry.
Results  The median age was 45 years and 13 % of patients (155) were under 
18 years of age. The majority of registered patients, 66 % (798), were women. 
The distribution of the ABO blood group system among the patients was as 
follows: 34 % O, 32 % A, 10 % B, and 4 % AB. Typing and subtyping of the disease 

were carried out in 61 % (732) of the patients. 41 % of patients (494) were 
registered with type 1, 17 % (204) type 2, of which 2A 12 %, 2M 2 %, 2N 2 %, 2B 
1 %, and 3 % (36) with type 3 vWD. In 14 % of type 1 patients, von Willebrand 
factor activity – in terms of ristocetin cofactor activity (vWF:RCo) was below 
15 %. 85 patients were infected with HCV during their lifetime, 657 patients 
were found to be negative, while in 461 cases HVC status was not reported in 
the registry. 32 patients have been receiving continuous prophylaxis with a von 
Willebrand factor concentrate.
Over the 24-month period, a total of 268 bleeding events in 75 patients re-
quired treatment in the participating 4 centers. The most common bleeding 
manifestation was nosebleeds, which accounted for 33 % of all bleeding events. 
This was followed by gingival bleeding and gynecological bleeding. In terms of 
the quantity of coagulation factor concentrate used for the bleeding events, 
the most significant condition was angiodysplasia, which was reported in 3 
patients, but consumed 67 % of the total amount of factor used for bleeding 
control. A total of 242 interventions were performed in 24 months in the 4 large 
treatment centers, of which 179 were minor interventions and 42 were major 
surgeries. In addition, 15 deliveries were considered to require hematological 
support. In 30 cases DDAVP, while in the other cases factor concentrate was 
used to support the intervention. Bleeding complication requiring further treat-
ment occurred in 4 cases.
Conclusion  With 1021 patients registered, vWD is the most frequent bleeding 
disorder in Hungary. The Hungarian von Willebrand patient registry, covering 
85 % of patients, provides representative data on demographics and treatment 
needs of patients with vWD. Based on these data, treatment centers together 
with the National Health Insurance Fund Administration may optimize patient 
care.
Conflict of Interest  Data collection was sponsored by CSL Behring.
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Introduction  Prior investigations point towards the fact that patients with 
haemophilia are affected by reduced bone mineral density (BMD), which is 
directly linked to physical activity (PA). Based on prior literature, it is assumed 
that patients with severe haemophilia are physically less active compared to 
patients with moderate or mild haemophilia. This study aims to objectively 
evaluate the PA with regard to BMD and lean mass in dependance to severity 
phenotype.
Method  This investigation was part of a large prospective cohort study exam-
ining the relation between osteoporosis and haemophilia (registered at clini-
caltrials.gov (ID: NCT04524481)). 223 Patients underwent a dual X-ray screen-
ing to examine both bone mineral density (BMD) and lean mass of the four 
extremities. This assessment was conducted and analyzed using Horizon™ 
(Hologic, USA; Apex Software, V. 13.6.0.7). Supporting to the lean mass, cir-
cumferences of the extremities were examined via the haemophilia joint health 
score (HJHS). Further, step tracked electronically for 7 days consecutive after 
examination, augmented by a 7-day subjective activity diary.
Results  Data of 197 patients with either mild (N = 45), moderate (N = 46), and 
severe (N = 132) haemophilia A or B were analyzed. PwH had a mean age of 
43.6 ± 15.6 years. Step activity was similar between severity phenotypes 
(p = 0.162). Subjective activity data revealed that the most frequent type of 
physical activity in all severities was walking (n = 72), cycling (n = 60), and 
strength training (n = 60). Lean mass of the upper and lower (mean value of left 
and right) extremities differed significantly between severity phenotypes (legs: 
p = 0.028; arms: p = 0.017; Bonferroni corrected post-hoc: legs: p > 0.005, arms 

▶Fig.1	 Endothelial cell permeability and intercellular gap 
formation after downregulation of VWF expression; (A) Endothe-
lial cell permeability after 48 h of siRNA-transfection (si-VWF, blue) 
or control siRNA (si-Neg, green) using the JetPRIME transfection 
reagent (orange) or non-transfected (Ctr, White) in HUVECs. 100 % 
confluent monolayers were incubated with HRP-conjugated 
streptavidin and absorption was measured using an ELISA plate 
reader and considered as relative permeability. (B) Representative 
fluorescence images of F-Actin (red), VWF (green) and VE-cadherin 
(red) were taken using fluorescence microscope (BZ-X810, Keyence 
corporation Osaka, Japan). Scale bar: 50 µm.
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p = 0.022 between severe and moderate phenotype). The circumference of 
thighs and arms did not differ between severities, though the shanks are sig-
nificantly smaller in patients with severe haemophilia compared to patients 
with moderate haemophlia (p = 0.005; Bonferroni corrected post-hoc: left 
shank p = 0.010, right shank: p = 0.020). Both, lean mass and circumference of 
the extremities correlated positively with BMD (see ▶Fig. 1), though not with 
step activity nor subjective activity data (p > 0.05).

Conclusion  The present study shows that step activity does not differ between 
the severity phenotypes, though lean mass of the extremities does. Higher lean 
mass seems to positively influence BMD. However, neither step activity nor the 
duration of subjective reported activity seems to affect BMD. It needs to be 
highlighted that only step activity is tracked electronically and most of the 
patients performed walking as PA. Though, it is assumed that the type of ac-
tivity plays an important role on bone metabolism, as strength training is most 
efficient in increasing extremity circumference as well as lean mass and has 
been shown to oppose reduction of BMD. Hence, it is highly recommended to 
promote whole body strength training in PwH.
Conflict of Interest  This study was supported by Bayer Vital AG
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▶Fig. 1	 Spearmans’s correlation coefficient of activity, lean 
mass, and circumference of extremity; Explanation: BMD = bone 
mineral density *indicates significant difference of p < 0.05,  
**indicates significant difference of p < 0.001
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Introduction  Venous access presents a significant challenge in infants with 
haemophilia A (IwHA) requiring prophylaxis.Subcutaneous emicizumab enables 
prophylaxis from birth, reducing bleed risk. The HAVEN 7 (NCT04431726) pri-
mary analysis evaluates emicizumab prophylaxis over ≥ 52 weeks (wks) in IwHA.
Method  IwHA in the Phase 3b, open-label study were aged ≤ 12 months (m) 
without factor (F)VIII inhibitors. They received emicizumab 3mg/kg mainte-
nance dose every 2wks (Q2W) for 52wks, continuing emicizumab for 7 years’ 
planned follow-up. Endpoints include efficacy (negative binomial regression 
model-based annualised bleed rates [ABR] for treated, all, treated spontaneous, 
and treated joint bleeds), safety, pharmacokinetics, anti-emicizumab antibod-
ies (ADAs), FVIII inhibitors, and biomarkers (biomarker results are not detailed 
here, but will be included in the event of an associated presentation).
Results  At data cut-off (22 May, 2023),55 male IwHA had received emicizum-
ab for ≥ 52wks (54.5 % previously minimally treated [ ≤ 5 exposure days, EDs], 
and 45.5 % previously untreated [PUP]). Median (range) age: 4m (9 days–11m 
30 days) at enrolment; 29 (12–39) m at cut-off. Median (range) treatment 
duration: 100.3 (52–118) wks.
Mean ABRs (95 % confidence interval) for treated, all, and treated joint bleeds 
were 0.4 (0.30–0.63), 2.0 (1.49–2.66), and 0.0 (0.01–0.09), respectively. Over-
all, 207 bleeds occurred in 46 IwHA (83.6 %), 87.9 % of which were traumatic. 
Of the 207 total bleeds, 42 bleeds in 25 IwHA were treated, all traumatic. Thir-
ty (54.5 %) IwHA had zero treated bleeds, and no IwHA had > 3 treated bleeds. 
No intracranial haemorrhage occurred. One IwHA was up-titrated (Day 374) to 
3mg/kg weekly per investigator request based on locally assessed decreasing 
emicizumab levels. Nine IwHA (16.4 %) had ≥ 1 treatment-related adverse event 
(AE), all Grade 1 injection-site reaction. No AE led to emicizumab change/with-
drawal. No deaths/thrombotic events/thrombotic microangiopathies occurred. 
Mean steady-state emicizumab concentrations were 57–66µg/mL, above those 
with the same regimen in HAVEN 2/3 (46–48µg/mL). No IwHA developed ADAs. 
Two PUPs developed confirmed inhibitors after three and ten FVIII EDs, respec-
tively.
Conclusion  This analysis suggests that emicizumab is efficacious and well tol-
erated in IwHA without FVIII inhibitors.
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Introduction  Von Willebrand disease (VWD) is the most prevalent hereditary 
bleeding disorder, stemming from either a quantitative deficiency or function-
al defect in von Willebrand factor (VWF), a vital plasma protein crucial for he-
mostasis. This study presents a comprehensive analysis of laboratory pheno-
types and mutation spectra in a substantial cohort of patients with quantitative 
VWF deficiencies.
Method  Our analysis involved 221 individuals, all of Caucasian origin, with 
diagnoses of VWD. We conducted a comprehensive assessment, including 
multiple VWF assays (VWF:Ag, VWF:GPIbR/or VWF:RCo, VWF:CB, and multim-
er analysis), as well as FVIII coagulant activities. Extensive genetic analyses were 
undertaken, encompassing Sanger sequencing/ or targeted panel next-gener-
ation sequencing, copy number variation analysis, and predictive bioinformat-
ic evaluations.
Results  Upon examination of laboratory tests, the index patients (IPs) were 
classified based on the updated ISTH-SSC VWF guidelines. Within this cohort, 
77 IPs were diagnosed with type 1 VWD, with VWF:Ag below 30 IU/dL ( %). An 
additional 111 patients displayed VWF levels ranging from 30 % to 50 % and 
were categorized as type 1/Low VWF. An additional 33 IPs were classified as 
having type 3 VWD. The mutation detection rates for these subcohorts were 

88 %, 66 %, and 92 %, respectively. A total of 228 VWF variants were identified 
in the cohort with quantitative VWF deficiencies, including 60 novel variants 
(26 %). In the type 1 VWD cohort with VWF levels below 30 %, we discovered 
81 gene variations, comprising 57 % missense variants, 41 % null alleles, and 
rare gene conversion and promoter variants. Large deletions and splice site (ss) 
variants predominated among null alleles. In the Low VWF/type 1 subgroup, 
featuring VWF levels between 30 % and 50 %, we identified 84 variants. These 
included 62 % missense variants, 34 % null alleles, and 4 % promoter variants. 
In this group, small deletions and ss variants constituted the majority of null 
alleles. Remarkably, overexpression of blood group O prevalence (67 % com-
pared to 45 % in the Caucasian population) was observed within the Low VWF/
type 1 subgroup, especially among mutation-negative individuals (83 %). This 
suggests a potential association between the O blood group and reduced VW-
F:Ag levels in this subgroup. In the type 3 VWD cohort, a total of 63 variants 
were detected, including 25 % missense variants and 75 % null alleles. Small 
deletions and nonsense mutations were the most prevalent null allele variants.
Conclusion  Data from this extensive patient cohort enhance our understand-
ing of the molecular underpinnings and pathophysiological mechanisms un-
derlying of quantitative VWD. Significant distinctions in mutation patterns were 
observed among subgroups of quantitative VWD. Notably, the contrast be-
tween Type 1 VWD with VWF levels under 30 % and Low VWF/Type 1 VWD with 
VWF levels between 30-50 % is increasingly prominent in contemporary re-
search.
Conflict of Interest  The authors declare no conflicts of interest.
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Introduction  Acquired Hemophilia A (AHA) is a rare hemorrhagic disorder 
characterized by spontaneous bleeding resulting from autoantibodies target-
ing clotting factor VIII. While the standard treatment for AHA involves immu-
nosuppressive therapy, a subset of patients remains unresponsive to these 
conventional approaches, necessitating alternative treatment strategies. Emi-
cizumab, a bispecific antibody mimicking activated factor VIII, has demonstrat-
ed promise in managing congenital Hemophilia A. Nevertheless, limited evi-
dence exists regarding its efficacy in treating AHA.
This case report seeks to provide compelling evidence supporting emicizumab 
as an effective alternative treatment for refractory AHA patients.
Method  We present a case of a 30-year-old female patient with the anamne-
sis of undifferentiated connective tissue disease and psoriasis diagnosed with 
AHA at 6 months postpartum. At the time of diagnosis, the patient presented 
with extensive ecchymoses and heavy uterine bleeding. Factor VIII activity was 
2,8 % and the inhibitor level was 4,3 Bethesda unit. The patient also reported a 
family history of systemic lupus erythematosus diagnosed in her mother. Treat-
ment with corticosteroid, hydroxychloroquine therapy, and plasmapheresis 
were ineffective, in addition to above mentioned unresolved bleeding mani-
festations she periodically developed hematuria. Emicizumab was administered 
subcutaneously at a weekly dosage of 3 mg/kg during the first 4 weeks, fol-
lowed by 2 additional injections every 2 weeks in conjunction with methylpred-
nisolone 8 mg for 3 weeks. Continuous monitoring was conducted through 
physical examinations and laboratory assessments over a six-month period.
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Results  Following the administration of emicizumab and during the subse-
quent six-month follow-up period after emizicumab discontinuation, the pa-
tient’s activated partial thromboplastin time (APTT) normalized from 96.1 to 
27.8 seconds, factor VIII activity improved to 108-112 % and inhibitor level 
decreased to 0,73-0,66 Bethesda unit. Over the course of the six-month fol-
low-up period after stopping emizicumab, the patient remained free from any 
bleeding episodes and reported significant enhancement in her quality of life 
with no emicizumab-related adverse effects observed.
Conclusion  Emicizumab emerges as a secure and efficacious therapeutic op-
tion for patients grappling with AHA who manifest resistance to conventional 
immunosuppressive interventions. Further investigations are warranted to 
deepen our comprehension of the intricate relationship between autoimmune 
disorders and acquired hemophilia. Nevertheless, this distinctive clinical case 
from Armenia contributes to the accumulating body of evidence affirming the 
therapeutic potential of emicizumab in addressing AHA. Notably, the patient's 
sustained remission without detectable antibodies and restored factor VIII 
levels post-treatment further distinguishes this clinical case.
Conflict of Interest  The authors declare no conflict of financial or personal 
interests.
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Introduction  Despite the high causal variants detection rate in haemophilia 
A (HA) overall, there was still about 26 % of Czech non-severe haemophiliacs, 
where no causal variant was detected in exons. We were looking for patholog-
ical variants in these cases in the non-coding part of the gene F8.
Method  We examined 278 patients from 182 families with non-severe HA in 
total. VWF activity, antigen and binding to FVIII were established for excluding 
VWD type Normandy. FVIII coagulation activity was measured with chromog-
enic and coagulation method (FVIII:C). DNA was isolated; where available cDNA 
was also obtained. Sanger sequencing was used for the causal variant detection. 
Where no variant was found, we used NGS for screening the whole F8 gene 
focusing on introns. The method MLPA was performed to exclude whole exons 
deletion or duplication. The pathogenic impact of identified candidate variants 
was assessed using in silico analysis and functional analysis cDNA. Segregation 
analyses was performed where the relatives were available.
Results  The causal variants of 205 non-severe haemophiliacs were found in 
exons and very close intronic region (within 3 bp from exons). The analysis of 
the whole F8 intronic region was performed in remaining 73 (26 %) patients. 
We found nine different intronic variants. These variants included six single 
nucleotide substitutions in introns 6, 10, 16, 22 and 25, two deletions in intron 
13, one insertion in intron 4 and deletion of exon 19. Six of them were described 
as associated with non-severe HA before [1–4]. Our most common causal var-
iant detected was c.778-14T > G in intron 6 first reported by Reitter in associa-
tion with severe form of HA and causing skipping the whole exon 7. However, 
our results differ from his. We detected this variant only in non-severe haemo-
philiacs, their FVIII:C was in range 6-30 IU/dL. The analysis of cDNA revealed 
that this variant probably creates de novo splicing site within the exon, which 
leads to partial deletion of the exon 7 from the 5‘end and is predicted as in 
frame deletion. We found three novel variant: 1. A single nucleotide insertion 

in intron 4, other causal variants were already detected in this region. 2. Two 
short deletions close together in intron 13. 3. Third novel variant was skipping 
exon 19 detected on cDNA level, which is predicted as delins variant. The cause 
was not yet identified. Phenotype of all patients inside of our four most com-
mon intronic variants is highly various, FVIII:C range from 6 to 44 IU/dL, even 
in one family is wide range of FVIII:C results. Cause of this might be a different 
amount of co-expression of normal cDNA lengths.
Conclusion  The intronic variants are associated with 26 % of non-severe Czech 
haemophiliacs. The phenotype of these patients is very variable depending on 
expression of nonhaemophiliac allele. Probably this finding might be used for 
a novel concept of personal treatment of this non-severe HA.
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Introduction  Adherence to prophylactic treatment is a critical factor in the 
management of haemophilia, impacting patient outcomes. Prophylactic treat-
ment not only reduces bleeding episodes but also prevents debilitating hae-
marthropathy. Reported adherence rates vary widely across countries, ranging 
from 4.1 % to 94.2 % [1–5], highlighting the critical importance of adherence 
in haemophilia care. Higher adherence has consistently been linked to improved 
clinical outcomes, especially in severe haemophilia. We employed the VERI-
TAS-Pro method [6] to quantitatively assess adherence in patients of all ages 
from five different countries.
Method  We employed the validated Haemophilia Regimen Treatment Adher-
ence Scale-Prophylaxis (VERITAS-Pro) questionnaire, which assesses various 
adherence subscales, including time, dose, plan, remember, skip, and commu-
nicate. Participants from Germany and Austria completed paper-based ques-
tionnaires, while those from Denmark, Poland, and Latvia responded to an 
online survey. Data collection occurred between 2017 and 2020, and data 
analysis was performed using the R programming language for statistical com-
puting.
Results  Our analysis included a total of 363 patients from Germany, 59 from 
Austria, 32 from Denmark, 122 from Poland, and 18 from Latvia, as presented 
in ▶Fig. 1. The percentage of young participants (0-14 years) ranged from 
16.3 % to 50 %, with the highest number of participants from Latvia and the 
lowest from Germany and Austria. Reported regular prophylactic treatment 
varied from 79.7 % to 88.9 %. The rate of treatment in Haemophilia Centres 
ranged from 16.7 % to 100 %, with the lowest rate in Latvia and the highest in 
Denmark. Adherence rates calculated in our study ranged from 77.8 % to 90.6 %, 
with the lowest adherence observed in Latvia and the highest in Germany. As 
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previously reported [5], the median total score for younger patients (0-14 
years) was lower than the total score for other age groups (▶Fig. 2) among all 
countries, indicating a higher adherence tendency in younger patients com-
pared to adolescents. Additional results, including an analysis of scores across 
the six distinct subscales and the influence of specific factors on treatment 
adherence, will be presented at the congress meeting.

▶Fig. 1	 Patient characteristics

▶Fig. 2	 Total VERITAS-PRO score

Conclusion  Our findings reveal substantial variability in adherence to prophy-
lactic treatment among haemophilia patients across five different countries 
and different ages. These differences underscore the need for tailored inter-
ventions to improve adherence in specific patient populations. Understanding 
the factors influencing adherence can help healthcare providers develop strat-
egies to enhance patient outcomes and reduce the burden of haemophilia-re-
lated complications. Further research is necessary to explore the determinants 
of adherence and to design effective interventions for enhancing adherence to 
prophylactic therapy in patients with haemophilia.
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Introduction  Liver sinusoidal endothelial cells (LSECs) play a crucial role in 
producing coagulation Factor VIII (FVIII), a vital component for blood clotting. 
Hemophilia A, characterized by a deficiency in FVIII. Current treatments include 
FVIII replacement therapy, gene therapy employing AAV vectors, and the prom-
ising avenue of cellular therapy. However, the success of these treatments re-
quires a deep understanding of the physiological and genetic regulation of 
FVIII-producing cells. MicroRNAs (miRNAs) are small RNA molecules that reg-
ulate gene expression. While specific miRNAs related to LSECs have been iden-
tified in rat studies, human-specific information is still lacking. Additionally, 
some studies have suggested miRNAs' involvement in hemophilia A. Previous 
miRNA profiling has identified unique markers distinguishing LSECs from oth-
er liver cell types, yet comprehensive exploration of miRNA's influence in the 
context of LSECs remains limited. This study bridges this gap by conducting a 
comparative analysis of miRNA expression in LSECs and other endothelial cells, 
offering valuable insights into unique miRNA profiles and their role in the reg-
ulation of the FVIII gene expression.
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Method  This study involved the preparation, sequencing, and analysis of mi-
croRNAs, with an in-depth bioinformatics analysis to identify specific microR-
NAs. Primary LSECs were obtained from Biozol Diagnostica Vertrieb GmbH, 
cultured in a specialized medium, and transfected with the selected miRNAs. 
After transfection, quantitative real-time PCR was conducted to measure FVI-
II expression. Total RNA was extracted, specific primers were used, and the data 
underwent statistical analysis.
Results  The outcome of this exploration highlights discernible differences in 
microRNA expression that distinguish LSECs from both hepatocytes (193 mi-
croRNAs at p < 0.05) and other endothelial cells (72 microRNAs at p < 0.05). 
Notably, 134 and 35 microRNAs were found to be overexpressed in LSECs com-
pared to hepatocytes and other endothelial cells, respectively, shedding light 
on the unique functions of LSECs in the liver. Our investigation identified a 
panel of 10 microRNAs (miR-429, miR-200b-3p, miR-200a-3p, miR-216b-5p, 
miR-1185-5p, miR-19b-3p, miR-192-5p, miR-122-5p, miR-30c-2-3p, and miR-
30a-5p) that distinctly define LSEC identity. Furthermore, our scrutiny extend-
ed to microRNAs implicated in F8 regulation, revealing a subset – miR-122-5p, 
miR-214-3p, miR-204-3p, and miR-2682-5p – whose expression intricately 
correlates with F8 expression within LSECs.
Conclusion  In summary, we have conducted the first-ever characterization of 
the miRNA expression profile of isolated human primary LSECs. We have iden-
tified LSEC-specific microRNAs that are either shared with the host liver organ 
or unique to LSECs. These LSEC-specific miRNAs play a role in regulating F8 gene 
expression. The identified LSEC-specific miRNAs could be potential targets for 
F8 gene therapy or small molecules for reprogramming into FVIII-producing 
LSECs.
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Introduction  Hemophilia is a rare congenital bleeding disorder caused by 
deficiencies of coagulation factor VIII (A) or IX (B). The hallmark of hemophilia 
is recurrent hemarthroses, leading to progressive joint damage and disabling 
hemophilic arthropathy. Hemophilia has been frequently associated with re-
duction in bone mineral density, osteopenia, and osteoporosis. Here, we aimed 
to describe 25-OH-vitamin D (25(OH)D) and parathyroid hormone (PTH) con-
centrations measured in persons with hemophilia attending our clinic over 
more than one year.
Method  We prospectively measured 25(OH)D and PTH in all persons with 
hemophilia of any type and severity attending the outpatient clinic of our 
hemophilia treatment center. To model and describe the expected cyclic trends 
over time, we used ordinary least squares regression fitting time as a periodic 
function by including a sine and a cosine term assuming a cycle length of 365.24 
days. To account for the inclusion of correlated responses from cluster sampling 
due to multiple measurements from the same patients, we estimated a robust 
variance-covariance matrix using the Huber-White method.
Results  Starting on 2022-06-08 up to 2023-10-09, we measured 25(OH)D and 
PTH (142 measurements) in 110 patients with hemophilia A (n = 98; 89 %) and 
B (n = 12; 11 %). The mean (SD) age of the study cohort was 41.2 years (16.3) 
years and comprised 70 (64 %), 13 (12 %), and 27 (25 %) subjects with severe, 
moderate, and mild hemophilia, respectively. Ten (9 %) subjects (eight with 
severe hemophilia) were on vitamin D substitution therapy at time of meas-
urement. Over all visits, 25(OH)D and PTH were measured at a median (IQR) 
concentration of 62.2 nmol/L (42.8-82.2) and 32 pg/mL (25.3-43.2), respec-
tively, showing a weak inverse correlation with a Spearman’s ρ of -0.33 (95 % 
CI -0.47, -0.17). Mean 25(OH)D followed a circannual cycle whereas periodic 
changes in PTH concentrations were less apparent (▶Fig. 1). Fifteen (14 %) 

subjects, all with hemophilia A, had 25(OH)D measurements < 30 nmol/L, the 
cut-off defined as indicating vitamin D deficiency [1]: 13 with severe (19 %), 
and one each with moderate (8 %) and mild (4 %) hemophilia. After adjustment 
for age, vitamin D substitution, and the cyclic time trend, severe/moderate 
hemophilia was associated with decreased mean 25(OH)D concentrations of 
-11.1 nmol/L (95 % CI -21.6, -0.6; ▶Fig. 2) compared to mild hemophilia. A 
multiple regression of PTH concentration on the same covariates remained 
inconclusive.

Conclusion  We observed a circannual change in particular of 25(OH)D and 
lower levels in patients with severe or moderate hemophilia. Similarly, vitamin 
D deficiency was more frequent in patients with severe hemophilia. This could 
at least partially explain an often-described higher bone loss in patients with 
severe hemophilia and, consequently, might suggest the need to measure vi-
tamin D and initiate vitamin D substitution in patients with a deficiency.
Conflict of Interest  The authors have no conflicts of interest to declare with 
regard to the present study.
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▶Fig. 1	   The cyclic trend of 25-OH-vitamin D and parathyroid 
hormone over time

▶Fig. 2	   Mean 25-OH-vitamin D concentrations stratified by mild 
and severe/moderate hemophilia
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Introduction  Patients with hemophilia (PWH) have an increased risk for bone 
fractures and decreased bone density. However, it is unclear, whether this is a 
result of repetitive bleeding, the development of hemophilia arthropathy or 
immobilisation. Recently the lack of coagulation factor itself was named to be 
involved in the modelling of bone architecture. Therefore, it is recommended 
to measure bone density in PWH with repetitive fractures. The standard for 
measuring bone density are DXA or pQCT, both of them radiographic methods, 
that utilize the absorption of x-rays by the content of calcium apatite in the 
bone. Quantitative Ultrasound (QUS) is another method for measuring bone 
density, where broadband ultrasound attenuation (BUA in dB/MHz) and Speed 
of Sound (SOS in m/s) and calculated stiffness index (SI) give information about 
density, structure and elasticity of the bone. This method is easily applied at 
the calcaneus and can be used repetitively and in children where x-ray exposure 
is of concern. Aim of the study was to measure bone density by QUS in children 
and adolescents with hemophilia and to compare the results to age adjusted 
mates without hemophilia.
Method  PWH treated at 4 pediatric KHDO centers had bone density measure-
ment by QUS at their right and left calcaneus. Their treater reported epidemi-
ologic and anamnestic data (age, type and severity of hemophilia, treatment 
schedule, annual bleeding rate, history of joint bleeds). Data was compared to 
the results of 376 healthy males to serve as a control. The study was approved 
by the local ethic board.
Results  82 PWH (mean age 10.5 ± 4.1 years, HA: n = 71, HB = 11, severe = 63, 
moderate = 8, mild = 7, unknown = 4) were divided in 4 age groups and com-
pared to corresponding groups without hemophilia (mean age 10.1 ± 4.5 years). 
All probands show a gradual increase over time in BUA from 70 (3 years) to 125 
(18 years) dB/MHz and 1555 (3 years) to 1587 (18 years) m/s for SOS respec-
tively. Whereas the youngest patients show equal BUA and SOS to their 
non-bleeding age mates, there is a significant difference in BUA (120 dB/MHz 
in controls, 105 dB/MHz in PWH) and close to significance for SOS 1595 vs 1577 
m/s in the age group 15 -18 years.
Conclusion  Quantitative Ultrasound Osteodensitometry is a readily available 
method for measuring bone density even in childhood. We have established 
reference values in a 3 – 18 year population. Differences between non-bleeding 
probands and PWH are seen from young adulthood on. This method might be 
useful to define patients at risk for fractures or in interventional studies on bone 
density when repetitive measurement is warranted.
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Introduction  Von Willebrand factor (VWF) is crucial for blood coagulation, 
and patients with von Willebrand disease (VWD) type 3 (T3) suffer mucosal 
bleeding due to a complete VWF deficiency. VWF also significantly influences 
angiogenesis, leading to angiodysplasia in VWD patients. Our porcine model 
for VWD T3 clinically matches the human phenotype. Our study explores the 
impact of VWD on blood vessel structure. We analysed the vascular elastic 
fibers (EF) and vascular smooth muscle cell (VSMC) architecture in different 
tissues of porcine VWD T3 subjects, comparing them with wildtype pigs. Our 
findings illuminate intricate vascular alterations due to VWF deficiency.
Method  Three pigs with a homozygous VWF genotype for VWD T3 and three 
wildtype pigs were chosen. Samples from uterus, stomach, and Kiesselbach 
plexus were processed for histology and stained with Resorcin Fuchsin and 
Nuclear Fast Red. The staining intensity and distribution of EF and organization 
of VSMC in phenotypically unremarkable blood vessels was evaluated 
semi-quantitatively. The EF in arterial blood vessels were investigated separate-
ly for the internal (IEL) and external elastic lamina (EEL), while in venous vessels 
EF were evaluated as whole. Additionally, we observed typical angiodysplasia 
on macroscopic and microscopic level in several VWD T3 animals.
Results  In every investigated organ, EF of unremarkable blood vessels were 
significantly more organized in T3 animals, and the staining intensity was sig-
nificantly higher (e.g. stomach veins: p < 0.0001, IEL stomach: p = 0.0002, EEL 
stomach: p = 0.002). In contrast, VSMC were significantly more organized in 
WT animals (e.g. stomach veins: p < 0.0001, stomach arteries p = 0.0005). Next 
to these findings, typical angiodysplastic vessels were seen. Macroscopic an-
giodysplasia, observed as pinhead to pea-sized tortuous patches infiltrated with 
blood beneath and within the mucosa, was identified in almost the complete 
gastrointestinal tract. Microscopic angiodysplasia, characterized by dilated, 
tortuous vessels with irregular VSMC coverage, was observed in the esophagus, 
stomach, jejunum, caecum, and Kiesselbach plexus. The structure was notably 
non-uniform, with disrupted VSMC layers and elastic fibers displaying varying 
staining intensity.
Conclusion  Angiogenesis in VWD-affected animals seems to be altered and 
angiodysplasia is present in many tissues. The enhanced staining intensity and 
organization of EF in unremarkable blood vessels of T3 animals may indicate a 
compensation mechanism for the generally compromised organization of 
VSMC. Thus, not only obviously angiodysplastic vessels, but also the at first 
glance unremarkable vessels are affected by structural changes. The observed 
alterations could lead to destabilization, which may facilitate bleeding events 
in VWD affected individuals.
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Introduction  Treatment options for patients with hemophilia (PWH) have 
changed substantially in the last years. Since 2015, extended half-life factor 
concentrates (EHL) and the bispecific antibody emicizumab have been ap-
proved. The aim of this epidemiologic study was to compare hemophilia treat-
ment in the eastern part of Germany in 2021 with data from 2015 prior to the 
approval of EHL and emicizumab.
Method  Data from patients with hemophilia A (HA) and hemophilia B (HB) of 
the year 2021 has been retrospectively collected from 13 hemophilia care 
centers from the „Kompetenznetz Hämorrhagische Diathese Ost“ (KHDO) and 
compared with data from the KHDO from 2015 [1]. Substitution diaries, e-di-
aries, patient records and patient specific reports to the German hemophilia 
registry were analyzed.
Results  A total of 487 patients (411 HA and 76 HB) were included in 2021, 359 
of them were already analyzed in 2015. Among the 130 children and the 357 
adults analyzed in 2021, 93 (71.5 %) children and 237 (66.4 %) adults had severe, 
16 (12.3 %) children and 50 (14.0 %) adults had moderate, and 21 (16.2 %) chil-
dren and 70 (19.6 %) adults had mild hemophilia.
At the end of 2021, 97.8 % of children and 95.4 % of adults with severe hemo-
philia were on prophylactic therapy compared to 98.8 % and 80.2 % in 2015.
Among the 86 children and the 207 adults with severe HA, 25.6 % and 21.7 % 
were on plasma derived, 30.2 % and 32.9 % on recombinant factor concentrates, 
24.4 % and 30.9 % on EHL, and 19.8 % and 14.0 % on emicizumab, respectively. 
One adult with HA and inhibitor had prophylaxis with a bypassing agent. All 
children with severe HB and 93.3 % of the adults with severe HB were on EHL. 
In contrast, 55.4 % of the children and 47.5 % of the adults with severe hemo-
philia were using plasma derived concentrates in 2015.
Conclusion  The use of new treatment options has changed hemophilia treat-
ment. About 50 % of the patients with severe HA were switched to EHL or emi-
cizumab and almost all severe HB patients are on EHL. The proportion of adult 
patients with severe HA receiving prophylaxis has increased. Data on bleeding 
rates and factor consumption will be presented.
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Introduction  Hemophilic patients often face critical health challenges stem-
ming from joint damage caused by untreated joint bleeding. The ankle joint is 
frequently the initial site affected in these patients. To address this issue, it is 
imperative to improve strategies for the early detection and treatment of bleed-
ing in hemophilic patients, a matter that requires wider recognition among 
healthcare practitioners.
Method
Objective  This retrospective, single-center cohort study aimed to compare 
the outcomes of a proactive versus reactive approach to joint ultrasound-guid-
ed adjustments of treatment regimens in severe hemophilia patients treated 
at our Hemophilia Comprehensive Care Center (HCCC) in Duisburg, Germany.
Methods  Before 2020, we followed the 2018 German hemophilia-synovitis 
guidelines, performing joint ultrasounds on patients when they reported joint 
discomfort or bleeding. Prophylactic hemophilia treatment was promptly ad-
justed if needed, with radiosynoviorthesis (RSO) used if necessary.
In 2020, our diagnostic strategy shifted towards prevention. We conducted 
annual ultrasound examinations on all ankle and knee joints in severely hemo-
philic patients. Joints displaying "silent symptoms" or signs of degradation 
underwent quarterly ultrasounds, with prophylactic factor treatment adjusted 
accordingly.
Results  Between 2020 and 2022, we conducted ultrasound assessments on 
1193 joints in 688 patients with various coagulation disorders. Notably, for 103 
patients with severe hemophilia A or B, we performed 656 joint ultrasounds, 
including 281 ankle joints and 175 knees. Therapy regimens were adjusted as 
needed.
Before 2020, seven RSOs of ankle joints and three RSOs of knees were per-
formed. After 2020, only two RSOs of ankle joints were required.
Conclusion  Our findings, focused on our HCCC in Duisburg, Germany, during 
2020-2022, demonstrate that proactive ultrasound monitoring of ankle and 
knee joints in patients with severe hemophilia A or B, coupled with appropriate 
adjustments in prophylactic factor therapy, resulted in reduced joint degrada-
tion in terms of severity and frequency.
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Introduction  Genetic counseling, testing, and prenatal diagnosis play a crucial 
role in comprehensive hemophilia care. Hemophilia carriers often suffer from 
reduced quality of life (QoL), especially in terms of mental health [1–3]. How-
ever, the comprehensive evaluation of QoL, encompassing physiological, psy-
chological, and social aspects, remains limited in both literature and clinical 
practice. Addressing the unique needs of carriers is essential for improving their 
QoL throughout their lives.
Method  In a groundbreaking single-center study, we enrolled 20 confirmed 
hemophilic carriers in a coaching program. This program involved comprehen-
sive physician examinations, including the documentation of patient charac-
teristics and medical histories. It also assessed the physiological and psycho-
logical burdens they faced. Following WHO guidelines [4], we collected 
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qualitative data on QoL across all life stages, incorporating both objective and 
subjective perspectives. The patients' qualitative statements about their QoL 
were clustered, with higher priority given to frequently mentioned topics.
Results  The participants, predominantly mothers with an average age of 28.7, 
each had an average of 2.2 children. Notably, there were 12 participants with 
hemophilia A and 8 with hemophilia B, with no discernible differences in their 
QoL. Participants' experiences and concerns were categorized into nine the-
matic clusters:
1.	 Heavy menstrual bleeding (HMB)
2.	 Empathy for their own children
3.	 Negative self-perception as mothers/wives
4.	 Challenges in communication with:

a)  Partners
b)  Doctors
c)  Social circles
d)  Authorities

5.	 Shortages in supplies
6.	 Apprehensions regarding:

a)  Their own children's health
b)  The well-being of their own children
c)  The stability of their partnerships or the search for a partner

7.	 Uncertainty about family planning
8.	 Insufficient social support
9.	 Stigmatization related to supposed "child maltreatment due to hemato-

mas."

Conclusion  In conclusion, being a hemophilia carrier significantly impacts 
women's QoL, necessitating innovative management strategies. Currently, 
minimal support and resources are available to women facing this burden. We 
recommend enhancing support, allocating more resources, and conducting 
further research to gain a deeper understanding of the challenges faced by 
hemophilia carriers.
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Introduction  We have previously shown that the absence of the GABARAP 
protein decreased FVIII secretion and rearranged its cellular distribution in the 
ER-to-Golgi compartment and in endosomal organelles. In fact, the knockout 
of GABARAP decreased the secretion of FVIII, similarly to LMAN1-, MCFD2- and 
Calreticulin- KOs, in contrast to Calnexin-, GABARAPL1- and GABARAPL2-KOs 
that led to an increase in FVIII secretion. Furthermore, GABARAP which co-lo-
calizes with FVIII intracellularly, was in parallel found to associate with proteins 

in the ERGIC compartment (COPI, COPII, LMAN1 and GM130), suggesting that 
GABARAP might have a coordinated role with the protein secretory machinery, 
in facilitating and regulating FVIII secretion.
Aim: To better interpret the role of GABARAP in FVIII trafficking we employed 
a comparative approach using the established CRISPR/Cas9-KOs in HEK293 cell 
lines expressing FVIII. We exposed our cell lines to four chemical treatments to 
disturb specific cellular pathways. Using this methodology, our first objective 
was to monitor how each cell line responded to the treatments. We wanted 
secondarily to compare the behavior of the GABARAP-KO cells with other cell 
lines to better situate the role of the GABARAP protein in FVIII trafficking.
Method  We have 1) first performed a Brefeldin A treatment to hinder the 
vesicular flow in the ERGIC compartment, 2) then chloroquine to inhibit auto-
phagy, 3) glucose starvation to disturb cellular metabolism and 4) finally Rab7 
inhibition to further disturb endosomal and lysosomal compartments. We 
focused our downstream analysis on tracking changes in FVIII secretion levels 
(chromogenic assay).
Results  All four treatments affected FVIII secretion in both wild type and KO-
cell lines. Notable effects include: 1) Inhibition of autophagy by chloroquine 
treatment decreased FVIII secretion in all cell lines and completely abolished it 
in the LMAN1-KO cells. Inducing autophagy by glucose starvation in the same 
LMAN1-KO-cells led to a 36 % increase in FVIII secretion, suggesting an alterna-
tive route for FVIII. 2) CRT- and GABARAP-KO clones exhibited similar trends in 
FVIII activities in response to the treatments, including a 50 % reduction under 
glucose deprivation and a 30 % decrease with chloroquine exposure. Converse-
ly, both clones were the least affected by Brefeldin A treatment, showing a 30 % 
decrease in CRT-KO and almost no change in GABA-KO (2 %). Finally, both clones 
were most affected when Rab7, a marker of late endosomes, was inhibited (40 % 
decrease).
Conclusion  The data analysis of the four chemical treatments affecting spe-
cific intercellular functions and machineries place GABARAP closer to Calretic-
ulin in its effect on FVIII biogenesis.
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Introduction  Measurement of Factor VIII activity is decisive for the bleeding 
management of patients with hemophilia A in emergency situations. However, 
in most laboratories the determination of factor VIII activity takes several hours 
and is not available as an emergency parameter especially during holidays and 
weekends. Thrombelastography is a point-of-care method that provides data 
on different coagulation parameters in whole blood samples. It is well estab-
lished so that the coagulation system can be monitored in emergency situations 
using this easy to use method. It gives a rapid overview of all phases of coagu-
lation and fibrinolysis. Most results are available within a few minutes. In this 
paper, we report on the use of thrombelastography in the management of 
patients with hemophilia.
Method  Consecutive 9 patients with hemophilia A were included in this ret-
rospective study. Whole blood samples of patients with and without substitu-
tion of different factor VIII preparations were investigated by using a viscoelas-
tic test system to assess coagulation and fibrinolysis systems. Additionally, 
standard routine coagulation testing and factor VIII activity were performed.
Results  27 samples from 9 patients were tested in this study. Thrombelasto-
graphic measurements revealed longer clotting time in hemophilia patients 
compared to healthy donors (clotting time in IN-test: 198.7 ± 38.9 seconds vs. 
146.7 ± 12.0 seconds, respectively, p < 0.0001). Interestingly, viscoelastic pa-
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rameters were corrected after factor substitution (clotting time in IN-test: 
157.8 ± 23.7 seconds vs. 146.7 ± 12.0 seconds, respectively, p = 0.1016). Sig-
nificant correlations between factor VIII activity as measured by the routine 
aPTT-based clotting test and the clotting time of the intrinsic (r = -0.7188, 
p =  < 0.0001) and also the extrinsic test (r = -0.3887, p = 0.0451) were observed. 
Maximum of clot firmness and maximum lysis in both assays didn’t correlate 
with factor VIII activity. Interestingly, also lysis time of the formed clot and 
factor VIII activity correlated significantly (r = -0.4759, p = 0.0252).
Conclusion  Our data support that viscoelastic testing could be useful to diag-
nose factor VIII deficiency and to support the management of coagulation 
treatment of patients with hemophilia A in emergency situations.
Conflict of Interest  nothing
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Introduction  Damoctocog alfa pegol (BAY 94-9027) is an extended half-life 
PEGylated recombinant factor VIII product approved for treatment of previous-
ly treated patients (PTPs) aged ≥ 12 years with haemophilia A. Real-world ef-
fectiveness and safety of damoctocog alfa pegol are being assessed in the 
HEM-POWR study (NCT03932201). Here we present the fourth interim analy-
sis of the HEM-POWR study for a subgroup of PTPs from German study sites.
Method  HEM-POWR, a Phase IV, open-label, prospective cohort study, includ-
ed PTPs with mild, moderate or severe haemophilia A receiving damoctocog 
alfa pegol prophylactically or on demand. Primary endpoint was annualised 
bleeding rate (ABR); secondary endpoints included joint health and safety. The 
safety analysis set (SAF) included PTPs with ≥ 1 study dose in the observation 
period. PTPs fulfilling all inclusion criteria with a documented dose of damoc-
tocog alfa pegol in the study and ≥ 1 documented infusion during the observa-
tion period were included in the full analysis set (FAS). Data were captured from 
patient diaries and physician records. Statistical analyses were explorative and 
descriptive. Patients provided informed consent and ethical approval was ob-
tained for all study sites.
Results  At data cut-off (1 August 2023), 73 and 48 PTPs were included in the 
SAF and FAS of this sub-population, respectively. The median (Q1, Q3) obser-
vation periods in the SAF and FAS were 814.0 (482.0, 903.0) and 874.5 (675.5, 
933.5) days, respectively. In the FAS, most patients were aged ≥ 18 to < 65 years 
(40/48, 83.3 %) and had severe disease (39/48, 81.3 %; moderate 9/48, 18.8 %; 
mild 0.0 %, ▶Fig. 1). Total median (Q1, Q3), mean (SD) ABR during the obser-
vation period was 0.5 (0.0, 1.6), 1.4 (2.4), with a change in ABR of 0.0 (-1.5, 
0.5), -0.9 (3.3) compared with prior to damoctocog alfa pegol initiation. Data 
for bleed subtypes are summarised in ▶Fig. 2. During the observation period, 
21/48 patients (43.8 %) had no bleeds, 37/48 (77.1 %) had no spontaneous 
bleeds and 29/48 (60.4 %) had no joint bleeds. In the SAF, 27/73 patients 
(37.0 %) reported treatment-emergent adverse events (TEAEs). Overall, 1 TEAE, 
a transient inhibitor that resolved, and 1 TEAE-related death (septic shock in 
aspiration pneumonia and not related to study drug administration) were re-
ported.

Conclusion  Results from the fourth interim analysis of HEM-POWR continue 
to provide valuable insights into real-world clinical practice in Germany, inform 
German stakeholders, and provide evidence of effectiveness and safety of da-
moctocog alfa pegol in PTPs with mild, moderate or severe haemophilia A.
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▶Fig. 1	 Patient demographics, baseline characteristics and 
treatment exposure in the FAS and SAF; Patient demographics and 
characteristics during baseline and observation period in a subgroup 
analysis of patients from German clinical study sites. Baseline data 
include sex, age, weight and disease severity. Exposure in the SAF 
and FAS includes patients pretreated with damoctocog alfa pegol 
prior to initial visit, as well as the most recent dosing modality and 
dose per infusion.

▶Fig. 2	 ABR and difference in ABR throughout the study in the 
FAS; A summary of ABR during the observation period and ABR 
compared with prior to damoctocog alfa pegol initiation for total, 
spontaneous, trauma, joint and spontaneous joint bleeds in a Ger-
man subgroup analysis in the FAS.
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Introduction  Potential hepatotoxicity of liver-directed adeno-associated viral 
(AAV) vectors in patients (pts) receiving HIV medications have excluded those 
with HIV from participating in gene therapy haemophilia trials. Pts with con-
trolled HIV comorbid infection were enrolled in phase 2b (NCT03489291) and 
phase 3 HOPE-B (NCT03569891) trials of etranacogene dezaparvovec (former-
ly AMT-061); here we evaluate the individual efficacy and safety outcomes in 
the subset of pts with comorbid HIV infection.
Method  A single injection of etranacogene dezaparvovec (2 × 1013gc/kg, an 
AAV5 vector containing factor IX [FIX] Padua R338L transgene under the con-
trol of the liver-specific promoter LP-1) was administered to adult pts with se-
vere or moderately severe haemophilia B. Pts with uncontrolled HIV 
(CD4 + counts ≤ 200/µL) were excluded.
Results  Of 57 pts in phase 2b and phase 3 HOPE-B trials, 5 had comorbid HIV 
infection (median [range] age 49 years [38-54]), 4 of whom had a history of 
hepatitis C virus with a negative viral load. Three of 5 pts with comorbid HIV 
infection had preexisting AAV5 neutralising antibodies with median (range) 
titer of 20 (0-99). Annualised bleeding rate (ABR) decreased compared to pre-
vious extended half-life FIX prophylaxis; median (range) ABR during FIX proph-
ylaxis was 5 (1-10.4). Two pts recorded no bleeds in the 36 months after receiv-
ing etranacogene dezaparvovec; the overall median (range) ABR was 0.64 
(0-5.0). Median (range) uncontaminated endogenous FIX at 36 months post 
treatment was 32.3 % (31.5 %-58 %). Three pts received no FIX infusions through 
36 months.
Seven treatment-related adverse events (AEs) were reported in 3 pts, and no 
treatment-related serious AEs were reported. Treatment-related alanine ami-
notransferase (ALT) elevation of moderate severity occurred in 1 pt (20 %, sim-
ilar to pts without comorbid HIV) 35 days post treatment and resolved within 
15 days with use of corticosteroids. His FIX levels later declined to 2-5 %, and 
he resumed prophylaxis per protocol at Month 30 post treatment.
Conclusion  Etranacogene dezaparvovec was found safe and effective in a sub-
set of pts with controlled comorbid HIV infection. Owing to the small number 

of pts with HIV enrolled in trials, long-term collection of data and special atten-
tion in the real-world setting is recommended.
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Introduction  Haemophilia A (HA) and B (HB) are rare, X-linked bleeding dis-
orders. The normal standard therapy is a primary prophylaxis to prevent bleed-
ing events and subsequent sequelae. The major complication in the initial 
treatment period in haemophilia is the development of inhibitors during re-
placement therapy. This happens in up to one third of the patients with HA and 
in about 10 % with HB. Treatment and outcome data for previously untreated 
patients (PUPs) with HA or HB in Germany to date are very limited. Questions 
remain about the optimal timing and treatment regimens for PUPs to prevent 
bleeds and adverse events in a constantly evolving treatment landscape. The 
German Paediatric Haemophilia Research Data Base – GEPHARD – is a multi-
center observational cohort study to collect and analyze data on PUPs in Ger-
many.
Method  GEPHARD prospectively includes all children and adolescents ( < 18 
years) diagnosed with HA or HB (FVIII or FIX levels < 25 %) since 1st January 2017. 
The registry concentrates on outcomes including development of inhibitors, 
provides quality assurance as well as serving as a basis for future studies.
Results  From January 1st, 2017, 472 children and adolescents from 41 partic-
ipating centers have been reported (on September 20th, the 500th patient was 
recorded). An average of 55 patients with HA and 11,3 patients with HB were 
reported annually. Of these, 391 were diagnosed with HA, 81 were diagnosed 
with HB. The allocation in severity levels shows 230 severe (59 %), 45 moderate 
(12 %) and 112 mild (29 %) patients with an HA and 39 severe (48 %), 15 mod-
erate (19 %) and 26 mild (32 %) patients with an HB. Age of diagnosis inversely 
correlates with severity. A significant drop of new diagnosis was noted early 
2020.
Conclusion  The GEPHARD registry successfully enrols patients from an in-
creasing number of participating centers. The GEPHARD community is active-
ly collecting data on the German treatment situation. The longitudinal docu-
mentation is quickly increasing and allows further analyses.
Conflict of Interest  GEPHARD is being funded by Bayer, Biotest, CSL Behring, 
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Introduction  Familial multiple coagulation factor deficiencies (FMCFDs) are a 
group of rare inherited hemostatic disorders characterized by a simultaneous 
reduction of plasma activity of at least two coagulation factors. The detection 
of multiple deficiencies was based on systematic screening of coagulation fac-
tors in patients exhibiting atypical bleeding patterns, in pre-surgery manage-
ment, or familial investigations using Sanger Sequencing. The introduction of 
Next Generation Sequencing (NGS) in routine molecular genetic testing has 
significantly increased the identification of multiple genetic alterations, albeit 
often as incidental findings, posing challenges.
Method  Approximately, 7500 index patients (IPs) with known deficiencies in 
one or more than one coagulation factors have been screened by Sanger Se-
quencing and Multiplex Ligand Probe Analysis, with around 3000 IPs analyzed 
by NGS and Copy Number Variant Analysis.
Results  The use of NGS has led to a twofold rise in the detection rate of mul-
tiple coagulation factor deficiencies (82 FMCFD IPs in 13 years – 1,1 % against 
54 FMCFD IPs in 4,5 years – 1,9 %), particularly in FMCFD IPS with variants 
present in at least two different genes. Within the NGS-based cohort, 106 ge-
netic variants were identified, with 23 % classified as variant of uncertain signif-
icance (VUS) and 33 % of them were incidental findings. Notably, male severe 
hemophilic IPs show the incidental finding in the additional affected gene – due 
to the dominant clinical phenotype of F8 or F9 defect. In contrast, incidentals 
findings in hemophilia carriers were predominantly found in the F8- and F9 
gene – explainable with the X-linked inheritance. The highest rate of incidental 
findings was observed in IPs with genetic variants in one pro- and one antico-
agulant factor, where 50 % of the variants would have remained undetected 
without NGS. Remarkably, 17 % of all genetic variants in the entire NGS cohort 
affected the VWF gene, and 63 % of IPs with defects in one pro- and one anti-
coagulant factor showed involvement of the VWF gene. Interestingly, in one 
family with VWD type 3, a variant in the second gene (SERPINC1) completely 
mitigated the phenotype of VWS [1–2].
Conclusion  The implication of NGS in molecular genetic diagnostics has near-
ly doubled the detection rate of FMCFDs with a predominance of VWD. NGS 
not only supports the detection of carriers for hemophilia, but also enables the 
identification of VWD in IPs with no bleeding symptoms due to a secondary 
defect in an anti-coagulant factor. Additionally, family segregation analysis and 
expression studies will help to improve the assessment of VUS pathogenicity. 
Overall, NGS supports tailored treatment approaches of FMCFD IPs and facili-
tates effective family counselling.
Conflict of Interest  This research project was funded by CSL Behring.
References
[1]  Ver Donck F, Downes K, Freson K. Strengths and limitations of 
high-throughput sequencing for the diagnosis of inherited bleeding and 
platelet disorders. J Thromb Haemost 2020; 18: 1839–1845
[2]  Preisler B., Pezeshkpoor B., Banchev A., Fischer R., Zieger B., Scholz U., 
Rühl H., Kemkes-Matthes B., Schmitt U., Redlich A. et al. Familial Multiple 
Coagulation Factor Deficiencies (FMCFDs) in a Large Cohort of Patients—A 
Single-Center Experience in Genetic Diagnosis. J. Clin. Med. 2021; 10: 347

T-08-02 
Authors  K. Kentouche1, G. Brodt1, C. Wollenhaupt1, N. Gassler4,  
H. Proquitte1, E. Schleußner6

Institutes  1  Universitätsklinikum Jena, Klinik für Kinder- und Jugendmediz-
in, Jena, Germany; 2  Universitätsklinikum Jena, Klinik für Kinder- und 
Jugendmedizin, Jena, Germany; 3  Universitätsklinikum Jena, Klinik für 
Kinder- und Jugendmedizin, Jena, Germany; 4  Universitätsklinikum Jena, 
Institut für Pathologie, Jena, Germany; 5  Universitätsklinikum Jena, Klinik 
für Kinder- und Jugendmedizin, Jena, Germany; 6  Universitätsklinikum Jena, 
Klinik für Geburtsmedizin, Jena, Germany
DOI  10.1055/s-0044-1779151

T-08-03  Genetic Background of Plasminogen Defi-
ciency in 65 patients
Authors  S. Körber1, C. Sucker2, E. Fleck1, M. Krause3, B. Bomke4, C. Heller5, 
C. Geisen1

Institutes  1  DRK Blood Donor Service, Molecular Haemostaseology, 
Frankfurt am Main, Germany; 2  COAGUMED Gerinnungszentrum, 
Haemostaseology, Berlin, Germany; 3  DKD Helios Klinik Wiesbaden, 
Department for Internal Medicine I, Wiesbaden, Germany; 4  University 
Hospital Düsseldorf, Department of Haemostaseology and Transfusion 
Medicine, Düsseldorf, Germany; 5  University Hospital Frankfurt, Departe-
ment of Pediatrics and Haemostaseology, Frankfurt am Main, Germany
DOI  10.1055/s-0044-1779152
Introduction  Plasminogen is a plasma protein that exists in various inactive 
zymogenic forms, that are converted in the active form plasmin by urokinase 
and tissue plasminogen activator. Plasmin belongs to the class of serine pro-
teases and its main function is the degradation of fibrin clots, but also plays a 
role in wound healing, cell migration, angiogenesis, and embryogenesis. Plas-
minogen deficiency is a genetic autosomal disorder and severe forms can lead 
to ligneous conjunctivitis and hydrocephalus.
Method  DNA of 65 patients was analysed by Sanger Sequencing of the coding 
regions of plasminogen gene (PLG)including the exon intron boundaries. The 
characterisation of the variants was performed using in silico evaluation tools, 
including Polyhen-2, SIFT and molecular graphic imaging by mapping muta-
tions to the x-ray structure of plasminogen.
Results  We detected mutations in 40 out of 65 patients in the PLG, correspond-
ing to a mutation detection rate of 61 %. We identified a total of 23 different 
mutations. Thereof 10 were previously described in the Human Genome Mu-
tation database, 7 in the dbSNP (Polymorphism-Database) and five were novel 
mutations. Two nonsense mutations and one frameshift mutation (small de-
letion) were detected. All other mutations were missense mutations. From the 
unknown variants, 4 were potentially missense changes and one was a nonsense 
change. All in silico prediction tools classified the unknown variants as mutations 
with pathogenic effect, according to the plasminogen levels of the patients. 
Two of the mutations mentioned in the dbSNP database, were described as 
pathogenic by all prediction tools. The remaining five were predicted with con-
flicting interpretations. One of the mutations published already in the Human 
Genome mutation database, was interpreted as pathogenic by all prediction 
tools. Seven of them were mentioned with conflicting interpretations. To get 
more information about the functional impact, variants were mapped to the 
x-ray structure of plasminogen [1–2].
ConclusionIn silico methods and molecular graphic imaging are useful tools to 
predict the effect of genetic variants on the protein function and/or structure 
and by this to predict the pathogenic effect of certain variants. Nevertheless, 
these methods cannot replace in vitro analysis by laboratory experiments, phe-
notypic studies of patients and cosegregation analysis within families.
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Introduction  Congenital amegakaryocytic thrombocytopenia (CAMT) is a rare 
inherited bone marrow failure syndrome presenting as an isolated thrombo-
cytopenia at birth with development to pancytopenia due to exhaustion of 
hematopoietic progenitors. The disease is primarily caused by biallelic patho-
genic variants in the thrombopoietin (TPO) receptor c-Mpl, encoded by the 
MPL-gene. TPO signaling is essential for adequate thrombopoiesis as well as 
hematopoietic stem cell homeostasis. Next generation sequencing (NGS) is an 
important tool to analyze genetic alterations in multiple genes associated with 
inherited thrombocytopenia.
Method  We investigated two unrelated infants with congenital severe throm-
bocytopenia using platelet flow cytometry (for Pt.1), NGS (95-gene panel, Il-
lumina) and bone marrow analysis.
Results  Pt.1 presented as a newborn girl with multiple hematomas and pre- 
and perinatal intracranial bleeding (Plt. 9 G/Lafter birth). The girl suffered from 
left-sided tetraplegic spastic cerebral palsy, post-hemorrhagic hydrocephalus 
and epilepsy and needed regular platelet transfusions. Flow cytometry revealed 
reduced fibrinogen binding and surface exposure of CD62 and CD63. NGS iden-
tified two variants in the MPL-gene (NM_005373): a pathogenic canonical 
splice-site variant in intron 11 (c.1653 + 1delG) [1, 2] and a missense variant in 
exon 2 (c.118T > A, p.Cys40Ser). Family genotyping confirmed compound het-
erozygosity. Bone marrow analysis showed reduced megakaryopoiesis and 
unremarkable myelo- and erythropoiesis. During the following months Pt.1 
developed an increasing bone marrow failure with severe neutropenia. There-
fore, she received allogeneic stem cell transplantation at the age of 13 month. 
Unfortunately she passed away at day 39 after HSCT due to multi-organ failure.
Pt.2 (1 month-old boy) presented with isolated thrombocytopenia and needed 
regular platelet transfusions. Bone marrow analysis showed hypoplasia of the 
megakaryopoiesis. NGS identified the same pathogenic canonical splice-site 
variant in intron 11 (paternal inherited) combined with a missense variant in 
exon 3 (c.269G > C; p.Arg90Pro, maternal inherited).
Both missense variants are classified as VUS (ACMG citeria). The first variant 
c.118T > A (p.Cys40Ser) is absent in dbSNP and gnomAD. The second variant 
c.269G > C (rs766638870, Arg90Pro) is listed in ClinVar as likely pathogenic 
with one entry (Accession: VCV000812958.1). In gnomAD it has been found in 
5 alleles (only heterozygous) out of 282862. CADD scores of 25.4 and 25.3, 
respectively indicate that the variants are among the top 1 % of the deleterious 
variants in the human genome.
Conclusion  Congenital severe thrombocytopenia is heterogeneous and there-
fore, early-performed molecular genetic analysis using NGS is indispensable. 
Together with bone marrow and platelet analysis, NGS may lead to an early 
diagnosis and helps to choose the adequate treatment option. In the case of 
CAMT-MPL early hematopoietic stem cell transplantation is still the only treat-
ment option.
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Introduction  Inherited platelet disorders (IPD) are a heterogynous group of 
disorders affecting platelet number and function. Next generation sequencing 
(NGS) has been an important tool to analyze genetic alterations in multiple 
genes. However, platelet function analysis performed with light transmission 
aggregometry (LTA), flow cytometry, and microscopy are important to identi-
fy patients with an IDP and to characterize the platelet phenotype. We investi-
gated a young girl, who presented with multiple hematoma and mild throm-
bocytopenia (Plt. 109 G/L). Case history revealed that a few of her mother´s 
relatives had suffered from leukemia as adults.
Method  LTA and flow cytometry for platelet function analysis, multi gene pan-
el (custom, Illumina) for genetic analysis, microarray analysis (Infinium®​ CytoS-
NP-850K, Illumina)
Results  LTA showed reduced aggregation after stimulation with low dose col-
lagen (2.0 µg/mL), ADP and epinephrine. Flow cytometry revealed slightly re-
duced VWF- and fibrinogen binding of the platelets. Surface exposure of CD62 
and CD63 after stimulation with thrombin was significantly reduced, indicating 
a α- and δ-granule secretion disorder.
The NGS-Panel analysis performed, identified a heterozygous RUNX1-gene 
deletion in the copy number variation (CNV) analysis (SeqPilot, JSI). To validate 
the finding, microarray analysis was performed and identified a 1.56 Mb dele-
tion (21q22.11q22.12) including RUNX1. The deletion could not be identified 
in the parents of the young girl. However, a germline cell mosaic could not 
safely be ruled out. Platelet count of the mother was within normal range (288 
G/L), LTA showed only a slightly reduced platelet aggregation after stimulation 
with low dose ADP (4 µmol/L), flow cytometry analysis remained without patho-
logical findings. Repeated measurements of the platelet count of the index 
patient showed mild thrombocytopenia (109, 133, 136, 132G/L) over 2 years.
Conclusion  Our findings led to the diagnosis of RUNX1 haploinsufficiency for 
the young girl. In summary, in addition to platelet dysfunction and thrombo-
cytopenia, there is an increased risk of developing hematologic malignancies 
(RUNX1-FPDMM, RUNX1 familial platelet disorder with associated myeloid 
malignancies). It is estimated that ∼30-40 % of individuals with RUNX1-FPDMM 
will develop acute myeloid leukemia (AML) or myelodysplastic syndromes, with 
a median age of onset of 33 years [1, 2]. Therefore, we recommend regular 
hematological check-up in an experienced center. Possible bleeding occurs 
more often than expected due to qualitative platelet defect and should be 
considered in case of surgery, especially in mucous area.
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Introduction  Factor XI deficiency (FXI def) is an exceedingly rare coagulation 
disorder, prevalent at 1:106 in the general population. However, among com-
munities with a history of segregated religious practices and intermarriage like 
Ashkenazi Jews and Israeli Arabs, the prevalence escalates to 1:450 [1]. Previous 
research predominantly focused on these communities, leaving a gap in un-
derstanding the disorder's broader implications.
Factor deficiencies are linked to thyroid functions; hypothyroidism often cor-
relates with bleeding tendencies, while hyperthyroidism associates with throm-
boembolic events [2]. An older study involving 43 FXI def patients, primarily 
Ashkenazim, found a 9 % prevalence of Struma nodosa [3].
Method  Our study comprehensively assessed 212 FXI def patients, conducting 
thorough anamnesis, genetic and blood testing, FXI activity evaluation, and 
ISTH-Bleeding Score assessment. Statistical correlations were explored.
Results  In our cohort, 51 patients exhibited Struma nodosa, indicating a prev-
alence of 24 %. Notably, both hemi- and homozygote patients displayed signif-
icantly lower FXI activity and higher ISTH Bleeding Scores compared to hete-
rozygote patients.
Conclusion  Rosen et al. previously suspected a shared genetic origin between 
FXI def and Struma nodosa in their limited cohort of 4 patients but lacked re-
sources for testing3. Our ongoing research aims to bridge this gap, conducting 
extensive genetic and laboratory analyses on our cohort of 51 patients with 
Struma nodosa and FXI deficiency.
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Introduction  Pediatric patients who had a first venous thromboembolic event 
are at risk of experiencing a thrombosis recurrence, which in turn is associated 
with high morbidity and mortality. Thus, predicting recurrence is relevant for 
clinical management. In a previous study, we have shown that chronic inflam-
mation independently predicted recurrent thrombotic events in children with 
an index non-central venous catheter (non-CVC) related deep vein thrombosis 
(DVT). In that study, coagulation factor VIII (FVIII) did not predict thrombosis 
recurrence. However, FVIII is an acute phase protein that can be increased in 
the context of inflammatory conditions. Therefore we investigated the extent 
to which the effect of chronic inflammation on the outcome of thrombosis 
recurrence is mediated by FVIII.
Method  Children aged 0-18 years diagnosed with an index non-CVC related 
DVT between 1993-2020 were included in this single-center retrospective co-
hort study. Ethics approval was obtained.
The primary outcome was thrombosis recurrence as per ISTH definitions. Two 
chart reviewers independently assessed the underlying conditions of each child 
and adjudicated whether there was an underlying chronic inflammatory con-
dition present. FVIII was measured ≥ 30 days after acute DVT diagnosis.
Regression-based causal mediation analysis was conducted to assess the extent 
to which the effect of chronic inflammation on the outcome of thrombosis 
recurrence was mediated by FVIII (▶Fig. 1), adjusting for sex and age at the 
time of the index DVT. Blood group was included in an exploratory mediation 
analysis. The natural indirect effect, natural direct effect, total effect, and pro-
portion mediated were calculated and measured on the odds ratio scale.

Results  A total of 139 children with an index non-CVC related DVT were in-
cluded. Of these, 39 (28 %) children had a recurrent thrombosis at a median of 
206 days (P25-75 56-642 days) after the index DVT. Demographics and clinical 
characteristics are shown in ▶Fig. 2.

▶Fig. 1	 Mediation Analysis; Direct acyclic graph of the assumed 
causal effects between underlying diseases with chronic inflamma-
tion (exposure) on recurrent thrombosis (outcome) through factor 
VIII (mediator). The natural indirect effect, natural direct effect, and 
total effect are depicted by arrows. Their effect size is shown on the 
Odds ratio scale with 95 % confidence intervals. The proportion 
mediated by FVIII reduced the total effect by 2 %. Covariates: sex, 
age; Legend: Factor VIII (FVIII), Odds Ratio (OR), Confidence Interval 
(CI)
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The mediation effect of FVIII on the association of chronic inflammation and 
recurrent thrombosis is shown in ▶Fig. 1. Chronic inflammation had a signifi-
cant total effect and a significant natural direct effect on recurrent thrombosis, 
with no evidence of mediation by FVIII (natural indirect effect). The proportion 
mediated indicated that FVIII reduced the total effect by 2 %. When adding 
blood group as a covariate in exploratory analysis, the results of the mediation 
analysis did not change (data not shown) [1–9].
Conclusion  Mediation analysis showed no evidence that factor VIII acts as a 
mediator in the effect of chronic inflammation on recurrent thrombosis. Hence, 
assessing the presence or absence of underlying conditions with chronic in-
flammation was more informative than measuring factor VIII to predict the 
outcome of recurrent thrombosis in children with non-central venous cathe-
ter-related thrombosis. These findings have implications for clinical practice.​​​
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Introduction  Children with acute lymphoblastic leukaemia (ALL) are at highest 
risk for venous thromboembolism (VTE) during induction therapy (IT).[1] 
Thromboprophylaxis in this population is currently not standard of care, and 
its unselective use is not justified and remains challenging considering the 
fragile thrombo-hemorrhagic balance (e.g. hypofibrinogenemia, frequent 
thrombocytopenia and/or intrathecal procedures).[2–4] Conventional coagu-
lation assays are unable to identify patients at VTE-risk.[5] We aim to assess the 
utility of the Thrombodynamics-Analyzer (TD) [6, 7] an innovative thrombin 
generation (TG) and fibrin clot formation (FCF) assay enabling to monitor the 
dynamics of tissue factor-dependent and independent coagulation, for assess-
ing the haemostatic state of children with ALL during IT at high risk of VTE.
Method  TG and FCF were measured with TD (Hemacore) as Endogenous 
Thrombin Potential (ETP, AU/ * min/L) and rate of clot-growth (V, mm/min) 
respectively, in 15 children with ALL treated according to the AIEOP-BFM pro-
tocol at baseline (day d0), d12 (prior to PEG-Asparaginase), d22 (d10 after 
PEG-Asparaginase treatment) and at d33 of IT, as well in 15 healthy controls. 
In addition, prothrombin fragments 1 + 2 (F1 + 2), thrombin-antithrombin com-
plexes (TAT) and D-dimers (DD) were assessed as in vivo conventional TG bio-
markers. Kruskall-Wallis or Mann-Whitney test were used for statistical analy-
sis to compare patient baseline to different endpoints and control group.
Results  In vivo conventional TG markers were significantly higher in patients 
at baseline prior to treatment (d0) compared to the control group (F1 + 2 
p < 0.0001; TAT p = 0.0001; DD p < 0.0001). However, TG in vivo markers were 
not able to consistently reflect the changes towards a procoagulant state dur-
ing IT (d0 vs d33, F1 + 2 p = 0.4; TAT p = 0.9; DD decrease, p = 0.047).
Differently, TD parameters for TG and FCF were significantly increased in chil-
dren with ALL during IT. In particular, for TG, ETP [median (IQR)] changed from 
1612 (1376-2013) at d0 to 2386 (1928-2990; p = 0.0037) at d12, to 3308 
(2456-3460; p < 0.0001) at d22, and to 3017 (2650-3975; p < 0.0001) at d33. 
For FCF, V [median (IQR)] significantly increased from 51 (45-55) at d0 to 67 
(62-82; p = 0.021) at d12, to 82 (75-91; p < 0.0001) at d22, and to 80 (66-90, 
p = 0.0005) at d33. In addition, ETP (TD) tend to be higher in patients with VTE 
(n = 5) at baseline and early during IT, well before the development of throm-
botic events.
Conclusion  Our data show that TG as well as FCF parameters assessed by TD 
in pediatric patients with ALL significantly increase during induction treatment 
and are very sensitive to changes of coagulation state. This global hemostasis 
assay may be able, alone or in combination with other clinical and/or laborato-
ry parameters, to identify children at high risk for thrombosis, who could prof-
it from a primary pharmacological thromboprophylaxis.
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Introduction  Neonatal aortic thromboses represent rare, yet serious condi-
tions commonly associated with severe morbidity and a high mortality rate 
[1, 2]. Their management, however, issues major challenges due to limited 
experience and lacking treatment recommendations [2, 3]. Although system-
ic thrombolysis is considered first-line treatment in case of organ-threatening 
ischemia, a limited number of attempted thrombolytic treatment approaches, 
particularly in preterm neonates, have been reported to this day [2, 5, 6, 8].
Method  We report a case of successful thrombolysis in a preterm newborn 
presenting with acute Leriche syndrome caused by spontaneous aortic throm-
bosis.
Results  A preterm newborn of 35 weeks gestational age presented with signs 
of severe symmetric lower limb ischemia with cyanosis, reduced oxygen satu-
ration and undetectable blood pressure in both lower limbs at first examination. 
An immediately performed echocardiogram showed no evidence of intracar-
diac thrombosis, congenital heart defects or aortic anomalies, while a throm-
botic occlusion with absence of arterial blood flow in the aortic bifurcation and 
both iliac arteries was detected via Doppler ultrasound. After interdisciplinary 
discussion, systemic thrombolysis with tissue plasminogen activator (rtPA) at 
a dose of 0.05 mg/kg/h was started after application of a bolus of 0.1 mg/kg 
body weight, and was later on increased up to 0.075 mg/kg/h. An incremental 
dissolution of thrombosis and restoration of blood flow in sequentially per-
formed ultrasound examinations could be observed. Parallel to thrombolysis, 
fresh frozen plasma was administered to raise plasminogen levels. Systemic 
thrombolysis with rtPA was ended after 48 hours with overlapping continuation 
of anticoagulation therapy with subcutaneously applied low molecular weight 

heparin (anti-Xa activity 0.6 – 1 IU/ml). No hemorrhagic complications have 
been observed. Laboratory screening showed no indication for acquired or 
hereditary thrombophilia. The patient was discharged at the twelfth day of life 
in good clinical condition without residual symptoms, while a follow-up exam-
ination two months after discharge showed a sufficient lower limb perfusion 
despite the presence of a persistent residual thrombus.
Conclusion  Spontaneous neonatal aortic thromboses in absence of umbilical 
artery catheterization, aortic anomalies or prothrombotic disorders represent 
a rare and potentially life-threatening condition [2, 6, 7]. Particularly in preterm 
newborns, thrombolytic therapy may be complicated due to limited experience 
and both lacking dose recommendations and reliable laboratory monitoring 
options of thrombolytic activity [2, 4, 7]. Our case underlines the successful use 
of thrombolysis in preterm infants under careful risk-benefit consideration. 
Although several case reports outline the feasibility of thrombolysis in these 
patients, further studies are required to confirm the efficacy and safety of sys-
temic thrombolysis in neonatal aortic thrombosis [5–8].
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Introduction  Fetal and neonatal alloimmune thrombocytopenia (FNAIT) is a 
rare bleeding disorder driven by development of maternal alloantibodies 
against fetal human platelet antigens (HPAs), predominantly HPA-1a, poten-
tially resulting in uncontrolled bleeding in the fetus/newborn. Currently there 
are no treatments available to prevent maternal alloimmunization and FNAIT. 
This proof-of-concept study was designed to assess the concentration-effect 
relationship of subcutaneous (SC) RLYB212, a monoclonal anti-HPA-1a anti-
body, to eliminate HPA-1a positive platelets transfused to HPA-1a negative 
male subjects.
Method  Subjects (HPA-1a and HLA-A2–negative) were randomized to receive 
a single SC dose of RLYB212 (0.09 or 0.29 mg) or placebo on day 1 in a sin-
gle-blinded manner, followed by transfusion of 10 × 109 HPA-1a and HLA-A2 
positive platelets on day 8. Of 11 subjects, 4 were assigned to 0.09 mg SC 
RLYB212, 5 to 0.29 mg SC RLYB212, and 2 to SC placebo. The proportion of 
HPA-1a and HLA-A2 positive platelets in circulation over 7 days was determined 
by flow cytometry using HLA-A2 antibodies.
Results  RLYB212 drove rapid and complete elimination of HPA-1a positive 
platelets in a concentration-dependent manner, with RLYB212 meeting the 
prespecified proof-of-concept criterion of ≥ 90 % mean reduction in platelet 
elimination half-life vs placebo. Platelet elimination kinetics were dose-depend-
ent and biphasic, with a mean terminal half-life of 5.8 h in the 0.09 mg dose 
group and 1.5 h in the 0.29 mg dose group vs 71.7 h for placebo. The mean duration 
of the lag phase was 4.8 h (0.09 mg) and 2.0 h (0.29 mg), respectively.
Conclusion  Subcutaneous RLYB212 treatment resulted in dose-dependent 
and rapid elimination of HPA-1a positive platelets in HPA-1a negative subjects. 
Platelet elimination kinetics were consistent with those of RhD positive eryth-
rocytes transfused to RhD negative individuals after intramuscular administra-
tion of anti-RhD, which is known to prevent RhD alloimmunization when ad-
ministered within 72 h of a suspected fetal-maternal hemorrhage. The data 
from this study support the potential use of SC RLYB212 as a prophylactic 
treatment in pregnant women at risk of HPA-1a alloimmunization and FNAIT.
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Introduction  We herein report the first case of a patient with hereditary 
thrombmodulin deficiency and transaldolase 1 deficiency presenting with pe-
nile hematoma after primary c-sectio, coagulopathy, pancytopenia, cutis laxa 
and hypersplenism. Global coagulation parameters QUICK and aPTT were not 
measurable with low levels of all coagulation factors. Thrombelastometry-anal-
ysis showed abnormalities of intrinsic and extrinisc pathway. Peripher blood 
smear showed tripenia, anisozytose and poikilozytose. Bone marrow puncture 
revealed suppressed bone marrow but excluded leukemia. Due to gastrointes-
tinal bleeding symptoms transfusion of fresh frozen plasma, fibrinogen, vitamin 
k and transfusion of platelet concentrate was administrated. Due to anemia 
transfusion of erythrocyte concentrate was necessary.
Method  Fast exom sequencing revealed a new heterozygote frame shift mu-
tation of one nucleotide (c.1670del) in the thrombmodulin gene. This variant 

has not been described yet. Thrombmodulin plays an important role as an 
anticoagulant through protein c activation and thrombin binding. Phenotype 
of described patients with thrombmodulin-mutation were presenting with a 
history of myocardial infarction or pulmonary embolism, cerebral venoussinus 
thrombosis, and stroke. Analysis of the TALDO1 gene revealed a new homozy-
gote frame shift mutation of two nucleotides (c.643_644del). Transaldolase 1 
is an enzyme in the pentose phosphate pathway that plays a role in supplying 
ribose-5-phosphate for nucleic acid biosynthesis. Furthermore it is involved in 
production of reducing equivalents and therewith in regulation of the cellular 
redox potential via maintenance of the reduced glutathione pool and neutral-
ization of reactive oxygen intermediates. Clinical manifestation of patients with 
TALDO1 deficiency present with thrombocytopenia, hemolytic anemia, hepato-
pathia, hepatosplenomegaly, and dysmorphic features (cutis laxa, low-set ears). 
Urine analysis confirmed diagnosis wiht increased levels of polyol derivates 
[1–7].
Results  After genetic results and intedisciplinary consultation including ex-
perts in pediatric coagulation, pediatric hepatology and pediatric metabolism 
management of the patient included administration of N-acetylcystein to pre-
vent hepatopathy, avoiding hepatotoxic medication including paracetamol. 
Furthermore administration of cotrimoxazol preventing bacterial infection due 
to neutrocytopenia was indicated. Coagulation parameters were improving in 
the course. There were no more bleeding symptoms. Currently there is no 
therapy necessary. Perioperative management because of recurrent prolapse 
of inguinal hernia included administration of fresh frozen plasma without any 
complications.
Conclusion  We report the first patient with hereditary thrombmodulin defi-
ciency and transaldolase 1 deficiency with hope of increasing awareness of rare 
disorders that should be considered in differential diagnosis of uncelar coagu-
lopahty, liver disease or tripenia.
Conflict of Interest  The authors have no conflicts of interest to declare. All 
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Introduction  Malformations of the vena cava inferior (VCI) are rare findings, 
exceptional in children, and are usually asymptomatic. They may caused by 
disturbances in the embryological formation of the venous system or can de-
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velop as result of perinatal venous thrombosis with secondary impairment of 
the venous development.
Method  We report the case of a 15 years old girl admitted for haemostaseo-
logical assessment before starting hormonal contraception. A prenatal ultra-
sound raised the suspicion of atresia of VCI already. Postnatally an echocardi-
ography showed absence of VCI and drainage by the vena azygous system.
Results  The diagnosis of a malformation of the abdominal deep venous system 
(subhepatic vena cava atresia, vena azygos drainage) was established by MRI 
angiography. The agenesis shows an astonishing finding, rather in the sense of 
a standard variant with prolonged elevated iliac veins and drainage via the 
azygos vein. A collateralization via e.g. lumbar veins, as it is seen in acute throm-
botic events, was not found. Haemostaseological diagnostics revealed no 
pathological findings.
Conclusion  Most malformations of the VCI are usually asymptomatic and 
sometimes are diagnosed prenatally. More often the diagnosis of a VCI atresia 
is made in the context of an acute thrombosis of the lower extremities, then 
showing typical signs of flow obstruction like collateralization or the develop-
ment of post thrombotic syndrome. In these cases the clinically overt throm-
bosis might be secondary to an occult VCI thrombosis in the past. These pa-
tients usually require anticoagulant treatment. The patient presented here, 
shows no signs of obstruction and may rather present with a variant of the 
norm. We recommended the use of oral contraceptives without restrictions.
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Introduction  Cerebral vein and sinus thrombosis (CVST) is a rare and challeng-
ing disease in children and adolescents. The anticoagulation treatment regimen 
includes low molecular heparin (LMWH) at a therapeutic dose in the acute 
phase followed by a secondary prophylaxis with heparin or a vitamin K antag-
onist for 3 to 12 months to avoid a recurrence of CVST [1]. Recently, with the 
license of rivaroxaban for the treatment of venous thromboembolism in chil-
dren [2], another treatment alternative became available for pediatric patients. 
However, rivaroxaban is not specifically licensed for secondary prophylaxis in 
CVST patients of all age groups and data for rivaroxaban use in clinically relevant 
thrombophilias are scarce.
Method  A case of a 16-years-old girl who suffered from an extensive CVST, 
treated with and switched from low molecular weight heparin (LMWH) to ri-
varoxaban for secondary prophylaxis is presented.
Results  Three months after starting oral contraception the patient was admit-
ted to our hospital with severe headaches and was diagnosed with an extensive 
CVST involving the sinus sagittalis superior and parietal bridging veins on both 
sides with an accompanying brain congestion edema.
Anticoagulant therapy was started with enoxaparin at therapeutic dosage and 
estrogen contraception was stopped. Because of persistent severe headaches 
a lumbar puncture was performed revealing a secondary pseudotumor cerebri 
which was successfully treated by a single liquor draining. The girl was dis-
charged from the hospital after 10 days. Four weeks later, scheduled MRI 

showed beginning vein recanalization, leading to enoxaparin dose reduction 
to a prophylactic dose. Thrombophilia diagnostics revealed a genetically con-
firmed heterozygeous protein C deficiency with a protein C activity of 40 %.
Because of the burden of daily s.c. injections and pronounced hair loss, which 
the patient attributed to enoxaparin, anticoagulation was switched to rivarox-
aban (due to the established protein C deficiency at therapeutic dosage of 20 
mg OD) approximately 12 weeks after index diagnosis. Six months later the 
affected cerebral veins were nearly completely recanalized and the rivaroxaban 
dose was stepwise reduced to 15 mg OD and, after another 3 months, to 10 
mg OD. The patient had major concerns regarding the option to stop antico-
agulation and was actively involved in the decision for long-term secondary 
prevention. 18 months after the index event, the patient is still taking rivarox-
aban without VTE recurrence or relevant bleeding complications.
Conclusion  Our complex case demonstrates that rivaroxaban can be safely 
and effectively used for treatment and secondary prophylaxis of CVST in ado-
lescents, even in the presence of protein C deficiency. However, given the com-
plexity of CVST in under-aged populations, use of rivaroxaban should remain 
case-by-case and expert decision.
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Introduction  Bernard-Soulier-Syndrom (BSS) is a rare inherited bleeding dis-
order characterised by thrombocytopenia, giant platelets and prolonged bleed-
ing time. It is caused by genetic mutations that affect the function of the GPIb-
IX-V platelet GP receptor complex. Clinical manifestations are commonly 
reported as frequent episodes of epistaxis, gingival and cutaneous bleeding 
and menorrhagia.
Method  Case Report
Results  Here we report a seven year old boy with genetically confirmed diag-
nosis of BSS, who presented with painful swelling of the right knee after playing 
soccer without noticed trauma. Ultrasound examination and MRI-Scan revealed 
haemarthrosis of the knee joint. Treatment consisted in i.v. substitution of 
activated factor VIIa and tranexamic acid in short intervals over a long period 
of time. Despite consistent substitution of FVIIa and regularly physiotherapy 
the patient developed chronic synovitis assosciated with recurrent pain, re-
striction of range of motion and swollen knee. In a multidisciplinary team dif-
ferent treatment options were discussed. Similar to chronic synovitis in hemo-
philia patients a radiosynoviorthesis was perfomed and the patient recovered.
Conclusion  Haemarthrosis is rarely described as a bleeding manifestation in 
patients with BSS. Because of the rareness of disease, the lack of data regarding 
the management of joint bleeds in this patients, the role of haemarthrosis and 
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chronic synovitis may be underestimated. A therapeutic approach similar to 
arthopathy in hemophilia might be assessed.
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Introduction  Consumptive coagulopathy in neonates is usually due to sepsis 
but, rarely, may result from a congenital disorder. Parallel bleeding and throm-
botic manifestations present a therapeutic dilemma.
Method  Case report
Results  The consanguineous healthy parents had their ninth pregnancy. There 
had been one early abortion and two intrauterine deaths at 24 and 38 weeks 
gestation. Two older siblings had died at age day 10 (intracerebral hemorrhage) 
and 5 months (cerebral infarction and bleeding, disseminated intravascular 
coagulation, hypofibrinogenemia). There are three healthy siblings.
Our patient was born at term per cesarian section (polyhydramnion), showed 
respiratory distress and needed ventilatory support for 7 days, as well as med-
ical closure of a patent arterial duct. Cranial ultrasound revealed bleeding of 
the coronoid plexus, and cranial magnetic resonance imaging showed sino-ve-
nous thrombosis of the transverse sinus. Laboratory results showed low fibrin-
ogen levels around 50 mg/dL, and high levels of D-Dimer. Treatment was by 
plasma initially, followed by fibrinogen concentrate which was required fre-
quently because levels dropped rapidly. Assuming consumptive coagulopathy, 
low-dose heparin and tranexamic acid were started. Fibrinogen plasma levels 
stabilized somewhat but DD remained high. Subsequently, the patient devel-
oped convulsions, requiring anticonvulsive medication and intensive care. 
Cranial MR showed, apart from the intraventricular hemorrhage, signs of ve-
nous congestion and hemorrhagic infarction of the brain parenchyma. Over 
the next days, the patient deteriorated with hemodynamic instability and pro-
gressive neurological impairment and finally died on day 35.
Conclusion  We report on a case of neonatal intracerebral bleeding and throm-
bosis. The family history suggested a congenital disorder. Coagulation param-
eters indicated consumptive coagulopathy but gave no clue on the underlying 
defect. Replaced fibrinogen was rapidly consumed, and neither anticoagulation 
nor inhibiting fibrinolysis could control the coagulopathy which subsequently 
lead to fatal brain damage. The highly unusual diagnosis could only be made 
post-mortem based on whole genome sequencing and will be revealed at the 
abstract presentation.
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Introduction  Bleeding disorder of unknown cause (BDUC) is a diagnosis of 
exclusion, after extensive investigation of plasmatic coagulation and platelet 
function [1]. The bleeding phenotype as well as severity is similar as in other 
patients with a mild-to-moderate bleeding disorders (MBD) such as von Wille-
brand disease (VWD), platelet function defects (PFD) and coagulation factor 
deficiencies (CFD). The underlying mechanisms for bleeding and impaired 
thrombin generation (TG) and plasma clot formation (PCF) in BDUC is unknown 
[2]. Natural anticoagulants might play an important role in BDUC patients [3]. 
The contribution of the pivotal anticoagulants activated protein C (APC) and 
protein S (PS) to the hemostatic profile of patients with BDUC has yet not been 
explored [4].
Method  APC levels and free PS activity were measured by ELISA , and TG and 
PCF were determined in 262 MBD patients from the Vienna bleeding biobank 
(VIBB), a single-center cohort study, and compared to 61 healthy controls (HC). 
Bleeding severity was determined by the ISTH-BAT, the Vicenza bleeding score 
and the number of bleeding manifestations.
Results  In total, 262 MBD patients, of whom 69 % had BDUC were compared 
to 61 HC (▶Fig. 1). Levels of APC were higher in MBD patients than in HC when 
adjusted for age, sex and BMI (median [IQR] 33.1 [20.6-52.6] and 28.6 [16.4-
47.2] ng/mL, ▶Fig. 2). This was most pronounced in patients with BDUC (35.3 
[21.7-54.3] ng/mL), while in PFD there was only a trend towards increased APC 
levels and no difference was seen when comparing VWD and CFD to HC. The 
percentage of all MBD patients and BDUC specifically above the 95th percentile 
of APC levels in healthy controls ( ≥ 70.5 ng/mL) was twice as high but lacking 
statistical significance (▶Fig. 2).

▶Fig. 1	   Patients characteristics in all MBD patients, and according 
to diagnoses, and HC
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No differences in free PS activity between patients and HC were seen overall, 
or according to specific diagnoses (▶Fig. 2).
Further, no association between APC or PS and bleeding severity or TG were 
identified, while paradoxically APC weakly correlated with shorter lag time 
(r = -0.29, p < 0.001) and time to peak (TTP; r = -0.24, p < 0.001) of PCF in all MBD 
patients and also in BDUC. Free protein S activity only showed a weak positive 
correlation with TTP in BDUC patients only (r = 0.20, p < 0.01).
There was no significant correlation between APC levels with its co-factor free 
protein S (r = -0.02, p = 0.76) or with soluble thrombomodulin (r = 0.08, 
p = 0.21), which together with thrombin activates PC to APC, in all MBD patients 
and according to diagnoses.
Conclusion  Our data demonstrate increased levels of APC in BDUC compared 
to HC, while no differences were found in free PS activity. APC may act as a 
modifier of bleeding risk and reduced hemostatic capacity within a holistic 
understanding of a multifactorial aggregation of distinct risk factors in BDUC 
patients. Targeting APC could be a potential therapeutic strategy to mitigate 
bleeding complications in BDUC, as already investigated in hemophilia patients.
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▶Fig. 2	   Activated protein C levels and free protein S activity in 
patients and healthy controls
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Introduction  Iron deficiency (ID) and iron-deficiency anemia (IDA) are com-
mon complications in patients with bleeding disorders. However, their preva-
lence and impact on the bleeding phenotype in patients with mild to moderate 
bleeding disorders (MBD) and especially bleeding disorder of unknown cause 
(BDUC) has not yet been conclusively investigated.
Method  Patients from the Vienna Bleeding Biobank, a single-center prospec-
tive cohort study on patients with MBD were investigated and compared with 
healthy controls (HC). ID was defined as ferritin < 30μg/L and/or transferrin-sat-
uration ≤ 15 % without the presence of anemia [1]. ID combined with anemia, 
defined as hemoglobin < 12g/dL for women and < 13g/dL for men, was classified 
as IDA.
Results  Characteristics of 646 MBD patients, including 432 patients with BDUC 
(66.9 %), and 202 HC are reported in ▶Fig. 1. Women made up the majority of 
both patients (83.5 %) and HC (70 %). MBD patients had significantly lower 
hemoglobin levels and prothrombin time than HC, as well as a longer aPTT, 
while ferritin and transferrin-saturation did not differ significantly.

▶Fig. 1	 cohort characteristics and prevalence of ID and IDA. 
Bold p-values indicated significant differences; Abbreviations: BDUC 
– bleeding disorder of unknown cause. PFD – platelet function disor-
der. VWD – von Willbebrand-disease. CFD – coagulation factor defi-
ciency. BMI – body mass index. MCV – mean corpuscular hemoglo-
bin. MCH – mean corpuscular volume. aPTT – activated partial 
thromboplastin time. IQR – interquartile range. SEM = standard error 
of mean. IDA – iron deficiency anemia.
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Overall, ID was more common in MBD patients than HC with 224 cases in pa-
tients (34.7 %) and 57 cases in HC (28.2 %), nevertheless not reaching statistical 
significance (▶Fig. 1). According to MBD diagnosis, ID was more frequent in 
patients with VWD (30/63, 47.6 %, p = 0.004) and BDUC (157/432, 36.3 %, 
p = 0.044) compared to HC, whereas ID occurred in a similar or even lower 
frequency in PFD (24.3 %) and CFD (16.7 %). There was no difference in the 
occurrence of IDA in all MBD patients or according to diagnoses compared to 
HC (▶Fig. 1).
In MBD patients, female sex and diagnosis of VWD correlated positively, while 
age and diagnosis of PFD correlated negatively with ID in univariate binary 
logistic regression analysis (▶Fig. 2). In multivariable analysis female sex, age, 
and VWD diagnosis prevailed as significant risk factors for ID, and BMI was also 
significantly associated with ID in MBD. Bleeding scores were not associated 
with ID in MBD patients in either uni- or multivariable binary logistic regression.
Conclusion  Patients with MBD, especially with VWD and BDUC, show an in-
creased risk for iron-deficiency but not IDA. Younger age, female sex and VWD 
diagnosis were identified as risk factors for ID. While a low iron storage does 
not seem to lead to more severe bleeding phenotypes, ID itself can present 
with significant comorbidities, both physical and mental, which the established 
questionnaires do not screen for [2].
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Introduction  Bleeding disorder of unknown cause (BDUC) is a diagnosis of 
exclusion. BDUC patients exhibit a clinical phenotype similar to that of estab-
lished mild-to-moderate bleeding disorders (MBDs) such as platelet function 
defects (PFD), von Willebrand Disease (VWD), or coagulation factor deficiencies 
(CFD). While the PFA-100 has demonstrated sensitivity in the detection of VWD, 
data regarding its clinical utility in PFD are conflicting and data on PFA-100 in 
BDUC patients are scarce. The aim of this study was to evaluate the diagnostic 
utility of PFA-100 in BDUC compared to other MBDs, and to investigate the 
influence of various parameters on PFA-100 closure time (CT).
Method  We analyzed PFA-100 measurements of 821 MBD patients from in 
the Vienna Bleeding Biobank, who were included until December 2022. Patients 
receiving anticoagulation or antiplatelet treatments were excluded from the 
study. PFA-100®​ (Dade Behring, Newark, Delaware, USA) analyses with colla-
gen-epinephrine (EPI) and collagen-adenosine diphosphate (ADP) cartridges 
were conducted on citric acid anticoagulated whole blood samples at study 
inclusion.
Results  In total, 535 BDUC patients (65.1 %) were compared to 79 patients 
(9.6 %) with VWD, 180 (21.9 %) with PFD, and 27 (3.3 %) with CFD (▶Fig. 1).

In BDUC patients, median (interquartile range [IQR]) CTs were 102 sec (88-117) 
in PFA-EPI and 135 sec (112-163) in PFA-ADP (▶Fig. 1). Both CTs in BDUC pa-
tients were shorter than those of VWD (p < .001) and PFD patients (p < .001), 

▶Fig. 1	   Clinical characteristics and PFA-100 in MBD patients
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though no significant difference was observed in comparison to CFD (PFA-EPI: 

p = 0.2; PFA-ADP: p = 0.7).
Applying internal reference standards (PFA-EPI: 82-170 sec; PFA-ADP: 74-130 
sec), 341 BDUC patients (64 %) exhibited an abnormal CT in PFA-ADP or PFA-EPI, 
and 11 patients (2 %) displayed abnormalities in both, similar to CFD patients 
(▶Fig. 1). The rate of pathological CTs was much higher in VWD (no abnormal 
CT: 9 %, 1 abnormal CT: 58 %, 2 abnormal CTs: 33 %; p < .001), as well PFD (no 
abnormal CT: 24 %, 1 abnormal CT: 69 %, 2 abnormal CTs:7 %; p = 0.003) com-
pared to BDUC.
In BDUC patients there was no correlation between PFA-EPI and PFA-ADP CTs 
and the Vicenza bleeding score (PFA-EPI: Spearman rho (r) = 0.03, p = 0.5; PFA-
ADP: r = 0.04, p = 0.4), ISTH-BAT (PFA-EPI: r = 0.06, p = 0.3; PFA-ADP: r = 0.10, 
p = 0.06), or the number of bleeding manifestations (PFA-EPI: r = 0.01, p = 0.8; 
PFA-ADP: r = -0.01, p = 0.8).
Employing a Tobit regression model, we identified increasing age, reduced 
hematocrit, lower VWF:Ag/VWF:RCo levels, lower platelet count, and elevated 
fibrinogen levels to be associated with extended CTs in PFA-EPI and PFA-ADP 
(▶Fig. 2).

Conclusion  Two thirds of BDUC patients had prolongations in any PFA-100 CT. 
Nevertheless, pathologic PFA-100 measurements were less common than in 
patients with known defects of primary hemostasis. Factors known to influence 
PFA-100 CTs were also identified as relevant in BDUC patients.
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T-11. Platelet dysfunction and associated 
bleeding disorders
T-11-01  Pregnancy Outcomes in Hereditary  
Thrombotic Thrombocytopenic Purpura – Room for 
(Further) Improvement

▶Fig. 2	   Univariable and multivariable Tobit regression models for 
the association of clinical and laboratory parameters with PFA-Epi-
nephrine and PFA-ADP in all BDUC patients
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Introduction  Hereditary thrombotic thrombocytopenic purpura (hTTP) is a 
rare thrombotic microangiopathy that results from bi-allelic ADAMTS13 muta-
tions and severe congenital ADAMTS13 deficiency. Affected patients are par-
ticularly vulnerable during infancy and pregnancy, where acute episodes are 
often severe, presenting with thrombocytopenia, haemolytic anemia and 
symptoms of organ ischemia. Standard of care consists of replenishing AD-
AMTS13 using infusions of plasma/plasma-derived blood products to treat 
acute episodes as well as prophylactically to prevent morbidity (i.e. strokes) 
and mortality. We aimed to characterize the impact of hTTP diagnosis and the 
effect of plasma prophylaxis on pregnancy outcomes.
Method  Observational study on female patients with confirmed hTTP diag-
nosis (ADAMTS13 activity < 10 %, bi-allelic ADAMTS13 mutations) enrolled in 
the International hTTP Registry (clinicaltrials.gov #NCT01257269) before June 
30, 2023. Documented pregnancies were divided into before (retrospective, 
incl. index pregnancy) and after (prospective) hTTP diagnosis.
Results  By the end of June 2023, the Registry had enrolled 131 female hTTP 
patients. Of them, 87 (66.4 %) had been pregnant one or several times, result-
ing in 214 documented pregnancies. Half of these patients (n = 44, 50.6 %) 
received their hTTP diagnosis because of obstetrical complications (index preg-
nancy) at a median maternal age of 26.7 (IQR, 23.5-31.2). The live-birth rate 
for the 125 retro- and 89 prospectively followed pregnancies was 52.8 % (n = 66) 
and 79.8 % (n = 71), respectively. Miscarriage was the main adverse outcome in 
retro- and prospectively followed pregnancies (n = 30, 50.8 %; vs. n = 13, 72.2 %), 
followed by late abortion (n = 14, 23.7 %; n = 4, 22.2 %). Stillbirth (n = 7, 11.9 %) 
and neonatal death (n = 8, 13.6 %) were observed only before hTTP diagnosis. 
Continued plasma prophylaxis, or prophylactic plasma infusions started in 
on-demand treated patients when pregnancy was recognized, increased live-
birth rates to 85.7 % and 76.2 %, respectively, compared to 37.5 % in patients 
without treatment. In 10/88 (11.4 %) pregnancies after hTTP diagnosis, aspirin 
was given in addition (live-birth rate 80 %). Acute TTP episodes and occurrence 
of preeclampsia were lowest in patients on plasma prophylaxis before becom-
ing pregnant.
Conclusion  The International hTTP Registry cohort substantiates that a diag-
nosis of hTTP and associated plasma prophylaxis during pregnancy reduces 
maternal morbidity and increases the live-birth rate considerably. The earlier 
plasma prophylaxis is started, the larger the positive effect. As hTTP confers an 
increased risk for preeclampsia, the low prescription rate of aspirin leaves room 
for improvement.
Conflict of Interest  NA
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Introduction  Decreased or enhanced procoagulant platelet generation may 
lead to bleeding or thrombotic events, respectively. The intracellular program 
underlying the dichotomous generation of aggregating (AGG) and procoagu-
lant (COAT) platelets upon combined activation by Collagen-And-Thrombin is 
only partially described. In this study, we investigated the utility of timelapse 
phosphoproteomics to identify potential early regulators of the procoagulant 
response and further describe the procoagulant phenotype.
Method  Human platelets from 3 to 5 healthy controls were activated at RT 
simultaneously with convulxin (agonist of the collagen receptor GPVI) plus 
thrombin in presence or absence of calcium, which generated procoagulant or 
aggregating phenotypes, respectively. Platelets were sampled at baseline and 
at different timepoints up to 8 min after activation. The phosphoproteomes of 
resting, AGG and COAT platelets were analysed by isobaric Tandem-Mass-Tag 
based Mass Spectrometry strategy. Phosphosites significantly changing com-
pared to baseline and differentially regulated among AGG versus COAT platelets 
were identified by non-parametric ANOVA test.
Results  We identified 4223 differently regulated phosphosites corresponding 
to 1643 unique proteins showing significant changes at 8 min after stimulation 
(▶Fig. 1a). Starting at 1 min after activation, proteins gradually dephospho-
rylated in COAT platelets and hyper-phosphorylated in AGG platelets (▶Fig. 
1b). Phosphosites were clustered in 5 groups based on their common patterns 
of phosphorylation changes over 8 min (▶Fig. 1c). All clusters showed de-
creased phosphorylation in COAT platelets at late timepoints.Potential regula-
tors of the dichotomous program may be proteins showing early (during the 
first 45 sec after activation) differential phosphorylation, such as actors of cy-
toskeleton remodelling (DOCK families and small GTPase regulators), lipid 
transferases (DAPP1 and C2CD2L), ion exchangers (SLC9A1, TRPC6) and mito-
chondrial fission (DNM1L, MFF).
Conclusion  The present study highlighted the utility of phosphoproteome 
analysis to detect time-dependent changes of key molecular regulators of the 
dichotomous response leading to the generation of COAT besides AGG plate-
lets. We showed a global dephosphorylation in COAT platelets, possibly initi-
ated by profound membrane remodelling and translocation of phosphatidyl-
serine. We hypothesize that this decrease is due to the disassembly in the inner 
leaflet of platelet membrane of several protein kinase (PK) complexes requiring 
phosphatidylserine for binding, such as Fyn, PKC, and phospholipase A2 [1–3]. 
Moreover, the global dephosphorylation may also be explained by the differ-
ential phosphorylation of several actin phosphatase regulators and by the ac-
tivation of a proteasome pathway. Finally, we identified several potential early 
regulators of the dichotomous platelet response upon combined convulxin and 
thrombin activation.
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Introduction  During megakaryopoiesis and consecutive platelet production, 
megakaryocytes undergo cellular morphological changes which are associated 
with the reprogramming of signaling pathways. Moreover, membrane compo-
sition and lipid signaling are expected to be strongly modified. However, the 
knowledge of how lipids are modulated and which pathways are involved is still 
lacking.

▶Fig. 1	 Snapshot and timelapse phosphoproteome analysis of 
aggregant and procoagulant platelets; (a) Volcano plot of all 7219 
phosphosites mean intensity values. Procoagulant (COAT) platelet 
proteins demonstrated downregulated phosphorylation status 
compared to aggregant (AGG) ones at 8 min (n = 3). (b) Time- 
dependent changes of the overall phosphorylation status during 
convulxin-plus-thrombin stimulation in AGG (blue circle) compared 
to COAT (red square) platelets. (n = 5, 1865 phosphosites). (c) 
Heatmap for each phosphosite up to 8 min of activation, in which we 
could identify 5 clustering groups (n = 3-5, all 8186 phosphosites). 
P-values, *< 0.05, **< 0.01, ****< 0.0001
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Method  Here, we adopt a lipid-centric multiomics approach applying the 
SIMPLEX protocol [1], which allows for simultaneous lipid and protein sample 
preparation, to create a quantitative map of the murine megakaryocyte lipi-
dome during maturation and proplatelet formation. Mass spectrometry-based 
findings were combined with both in vitro and in vivo methodologies to func-
tionally analyse and elucidate the underlying mechanisms of megakaryocyte 
maturation and proplatelet formation.
Results  Our data reveal that megakaryocyte differentiation is associated with 
enhanced expression of lipid-related enzymes and driven by an increased fatty 
acyl import and de novo lipid synthesis, resulting in the modulation towards an 
anionic membrane phenotype. Pharmacological perturbation of fatty acid 
import and phospholipid synthesis proved to block membrane remodeling and 
directly reduced megakaryocyte polyploidization and proplatelet formation, 
leading to thrombocytopenia.
Furthermore, the anionic lipid shift during megakaryopoiesis is accompanied by 
the relocalization of the scaffold protein CKIP-1 and recruitment of the kinase CK2α 
to the plasma membrane, which is essential for platelet biogenesis (▶Fig. 1).
Conclusion  Overall, this study provides a framework to understand how the 
megakaryocyte lipidome is altered during maturation and proplatelet forma-
tion and the effect of membrane lipid remodeling on megakaryocyte kinase 
signaling involved in thrombopoiesis.
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References
[1]  Coman C. et al. Simultaneous Metabolite, Protein, Lipid Extraction (SIM-
PLEX): A Combinatorial Multimolecular Omics Approach for Systems Biology. 
Mol Cell Proteomics 2016; 15 (4): p 1453–66

▶Fig. 1	 Lipid-driven functional regulation and underlying 
mechanisms of MK maturation and thrombopoiesis; The study 
focuses on the functional analysis and regulation of MK maturation, 
using a multiomics approach and incorporating both in vitro and in 
vivo methodologies. Isolated hematopoietic stem cells from murine 
bone marrow were subjected to a 7-day differentiation protocol with 
TPO. The SIMPLEX workflow was used to comprehensively determine 
the general molecular composition of MKs. The results revealed 
significant anionic lipid membrane remodeling and relocalization of 
the CKIP-1/CK2α complex to the plasma membrane, which appear to 
be essential for adequate platelet biogenesis.
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Introduction  Immune thrombocytopenia (ITP) is a rare chronic disease, fre-
quently accompanied by fatigue, which is an important comorbidity associated 
with this disease [1]. Patients experience difficulties to manage their daily activities 
and a reduction in their overall quality of life (QoL) [2]. The causes of fatigue in ITP 
are not clarified yet and underlying causes seem to be multifactorial. The develop-
ment of fatigue may not solely be influenced by a decrease in platelet count, but 
also by unknown factors as well as psychological reasons [3, 4].
Method  This prospective, multicenter, exploratory, pilot study aimed to in-
vestigate which parameters contribute to the occurrence of fatigue in patients 
with ITP. Adult patients with ITP and with or without fatigue, who visited the 
study center for their regular appointments were asked to complete question-
naires pertaining to patient-reported outcome measures regarding depression, 
sleep apnea and hypersomnia and the ISTH-BAT. Blood tests included platelet 
count as well as different parameters like vitamin D (▶Fig. 1).
Results  A total of 36 patients (27 females, nine males) with primary ITP, with 
a median age of 46.5 years (min‑max 19‑83) were analyzed. Median duration 
of ITP was 4.5 years (min‑max 0-21). Approximately one-third of patients 
(29.4 %) had no comorbidities.The two most frequently used current treatment 
options were ‘watch-and-wait’ (38.9 %) and thrombopoietin-receptor-agonists 
(58.3 %); eight patients needed rescue therapy. There was a statistically nega-
tive correlation between fatigue and year of diagnosis (r = -0.41, p = 0.014). 
Results indicated no statistically significant relationship in fatigue and age or 
gender. Ferritin predicted fatigue with statistical significance while platelet 
count was not correlated. A significant correlation was obvious between fatigue, 
depression and obstructive sleep apnea syndrome as well as sleep-related prob-
lems (p < 0.01).

Conclusion  Patient characteristics were comparable to that of other studies 
[1–4]. The level of fatigue negatively impacts the lives of patients with ITP. Age 
and gender were not correlated with fatigue in ITP, which is in line with other 
reports. Interestingly, the fatigue level was higher in patients presenting with 

▶Fig. 1	 Internal consistency of total score, trial outcome index, 
and subscales (FAS); BDI: Beck Depression Inventory; FACIT‑F: Func-
tional Assessment of Chronic Illness Therapy–Fatigue; FAS: full-analy-
sis set; ISTH/SSC: International Society on Thrombosis and Haemo-
stasis/Scientific and Standardization Committee; n: number; OSAS: 
obstructive sleeping apnea syndrome; SD: standard deviation; STOP-
BANG: snore, tired, observed apneas, pressure, body mass index, 
age, neck circumference, gender
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an additional depression and poor sleeping quality due to, e.g., hypersomnia, 
which seems not uncommon [5]. Fatigue levels seem independent from throm-
bocyte levels, which was reported elsewhere [3].
Patients diagnosed with ITP several years ago cope with their condition better 
than patients with a more recent diagnosis, who have higher levels of fatigue. 
Concurrent depression, hypersomnia and sleep apnea are important underes-
timated factors, which do have a negative effect on the QoL of patients with 
ITP. We were able to show that patients with ITP might face an unmet medical 
need in terms of delayed diagnosis and supportive therapy. To our knowledge 
this is the first report on combined findings of depression, hypersomnia and 
sleep apnea in patients with ITP.
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Introduction  Aging is an independent risk factor for the incidence of arterial 
thrombotic events. Loss of protein homeostasis is one of hallmarks for many 
aged-related diseases. Sing cell RNA sequencing of megakaryocyte in previous 
study have identified different patterns of protein ubiquitination between old 
and young murine. However, regulation of protein ubiquitination in platelet 
during aging remain poorly understood.
Method  Platelet functions including aggregation, ATP release were compared 
in old (>18 months) and young (2-3 months) mice. The level of total ubiquiti-
nation was evaluated by western blot. Available datasets were dig out to iden-
tify the most abundant deubiquitinating enzymes (DUB) and finally USP25 was 
chosen. Then, western blot, RT-PCR and immunofluorescence were used to 
confirm the expression of USP25. The platelet function was conducted in WT 
and USP25 knock-out mice. To characterize the mechanism of USP25 in the 
regulation of platelet function, ubiquitinated proteomics were conducted to 
identify the substrate of USP25 in platelet. Later co-immunoprecipitation and 
western blot were used to confirm the deubiquitinase activity of USP25 in plate-
let. Eventually, small molecular compound AZ-1, an USP25 inhibitor, was test-
ed in terms of platelet function [1–10].

▶Fig. 1	   Enhanced platelet function and decreased level of ubiquit-
ination were observed in old mice. Expression of USP25 were con-
firmed in platelet. Upregulation of USP25 was found in old mice 
platelet. In vitro, aggregation, ATP release, spreading and clot retrac-
tion were inhibited in USP25-knockout mice, compared with age- 
and sex- matched wild type mice.In vivo, decreased final occlusion 
time of FeCl3-induced mesenteric arteriole thrombosis were ob-
served in USP25 knock-out mice

Results  Enhanced platelet function and decreased level of ubiquitination were 
observed in old mice. The loss of ubiquitination can be caused by upregulation 
of DUBs. Then we screened DUBs in three datasets and determined that USP25 
is one of the most abundant DUBs in both human and murine platelet. Expres-
sion of USP25 were confirmed in platelet . Upregulation of USP25 was found in 
old mice platelet. To determine the effect of USP25 in the regulation of platelet 
function, we constructed USP25-knockout mice. In vitro, aggregation, ATP 
release, spreading and clot retraction were inhibited in USP25-knockout mice, 
compared with age- and sex- matched wild type mice. In vivo, decreased final 
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occlusion time of FeCl3-induced mesenteric arteriole thrombosis were observed 
in USP25 knock-out mice. Mechanistically, by using ubiquitinated proteomics, 
we found that talin-1 served as one target of USP25. The association of USP25 
and talin-1 were confirmed by co-immunoprecipitation and western blot. We 
then observed that USP25 can maintain the expression of talin-1. The expres-
sion of talin-1 was significantly down-regulated when silencing USP25 in 
CHO-K1 cells, as well as in USP25 knock-out platelet. Further, the results showed 
that USP25 can directly deubiquitinate talin-1. Finally, we found that small 
molecular compound AZ-1, one USP25 inhibitor, can significantly decrease 
platelet function including aggregation, ATP release, spreading and chamber 
in human platelet (▶Fig. 1, ▶Fig. 2).
Conclusion  Overall, our study found that upregulation of USP25 may serve as 
a mechanism of platelet hyperactivity during aging. Furthermore, AZ1, an 
USP25 inhibitor, could be a potential target for thromboembolism.
Conflict of Interest  All authors disclosed no relevant relationships

▶Fig. 2	   By using ubiquitinated proteomics, we found that talin-1 
served as one target of USP25. The association of USP25 and talin-1 
were confirmed by co-immunoprecipitation and western blot. We 
then observed that USP25 can maintain the expression of talin-1. 
The expression of talin-1 was significantly down-regulated when 
silencing USP25 in CHO-K1 cells, as well as in USP25 knock-out 
platelet.Further, the results showed that USP25 can directly deubiq-
uitinate talin-1.Finally, AZ-1, an USP25 inhibitor, can decrease the 
platelet function

References
[1]  Heron M. Deaths: Leading Causes for 2019. Natl Vital Stat Rep 2021; 70 
(9): p. 1–114
[2]  Di Micco R. et al. Cellular senescence in ageing: from mechanisms to 
therapeutic opportunities. Nat Rev Mol Cell Biol 2021; 22 (2): p 75–95
[3]  López-Otín C. et al. Hallmarks of aging: An expanding universe. Cell 
2023; 186 (2): p 243–278
[4]  Hipp M.S., Kasturi P., Hartl F.U. The proteostasis network and its decline 
in ageing. Nat Rev Mol Cell Biol 2019; 20 (7): p 421–435
[5]  Galves M. et al. Ubiquitin Signaling and Degradation of Aggregate-Prone 
Proteins. Trends Biochem Sci 2019; 44 (10): p 872–884
[6]  Davizon-Castillo P. et al. TNF-α-driven inflammation and mitochondrial 
dysfunction define the platelet hyperreactivity of aging. Blood 2019; 134 (9): 
p 727–740
[7]  Zhong B. et al. Negative regulation of IL-17-mediated signaling and in-
flammation by the ubiquitin-specific protease USP25. Nat Immunol 2012; 13 
(11): p 1110–7
[8]  Zhong B. et al. Ubiquitin-specific protease 25 regulates TLR4-dependent 
innate immune responses through deubiquitination of the adaptor protein 
TRAF3. Sci Signal 2013; 6 (275): p ra35
[9]  Teo Q.W. et al. Usp25-Erlin1/2 activity limits cholesterol flux to restrict 
virus infection. Dev Cell 2023 
[10]  Lin D. et al. Induction of USP25 by viral infection promotes innate anti-
viral responses by mediating the stabilization of TRAF3 and TRAF6. Proc Natl 
Acad Sci U S A 2015; 112 (36): p 11324–9

T-11-06  GPVI deficiency in a 17-year-old girl, 
congenital or acquired?
Authors  P. Bradáčová1, L. Slavík2, J. Ullrychová1, J. Úlehlová3,  
D. Procházková4

Institutes  1  Masaryk Hospital, Department of clinical hematology, Ústi nad 
Labem, Czech Republic; 2  Faculty of Medicine and Dentistry, Palacky 
University Olomouc, Olomouc, Czech Republic; 3  University Hospital 
Olomouc, Department of Hemato-oncology, Olomouc, Czech Republic; 
4  Masaryk Hospital, Department of pediatric hematology, Ústí nad Labem, 
Czech Republic; 5  Institute of Hematology and Blood Transfusion, Praha, 
Czech Republic
DOI  10.1055/s-0044-1779173
Introduction  The diagnosis of the bleeding complications causes remains a 
very complicated part of the diagnostic process. In particular, distinguishing 
whether the disorder affects primary haemostasis or the plasma factor system 
can be very complicated, as can the question of whether it is a congenital or 
acquired condition. In our case report, we demonstrate inhibition of glycopro-
tein VI.
Glycoprotein VI (GPVI) is specifically expressed on megakaryocytes and plate-
lets. It is a receptor for collagen-mediated platelet aggregation. GPVI deficien-
cy is associated with bleeding manifestations. In congenital GPVI deficiency in 
Gray platelet syndrome (GPS), alpha-granules do not mature in platelets, the 
cause being a mutation in the NBEAL2 gene. GPS is manifested by mild mac-
ro-thrombocytopenia, platelet hypogranularity and reduced aggregation after 
collagen. The cause of acquired GPVI deficiency may be due to anti-GPVI au-
toantibodies that occur in association with autoimmune diseases such as au-
toimmune thyroiditis, autoimmune thrombocytopenia and systemic lupus 
erythematosus.
Method  We report an unusual case of a young girl with sudden onset of mod-
erate bleeding. The following tests were repeatedly performed: blood count, 
platelet count (PLT) and morphology, PFA-200, optical platelet aggregation, 
anti-platelet antibody ELISA, coagulation tests, platelet glycoprotein determi-
nation by flowcytometry. Genetic testing for congenital mutations was per-
formed.
Results  A 17-year-old girl presents to the pediatric hematology department 
for sudden onset of excessive bruising. The patient has autoimmune thyroiditis, 
otherwise healthy. 14 days ago she was vaccinated with Comirnaty Pfizer 
against Covid 19.
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Her platelet count is decreased 113; 96; 108 x109/L. On microscopy, we observe 
hypogranular macro-thrombocytes, PFA-200 COL-EPI > 300s, COL-ADP 120s 
pathology is present, there is very reduced aggregation after collagen 2 %, 
positive ( + ) anti-PLT, positive antinuclear antibody titer 1: 80, positive anti-TPO 
62.88 kU/L, positive anti-TG 281 kU/L There is significantly decreased expres-
sion of GPVI 854 sABC. Coagulation tests are without pathology. Genetic test-
ing did not show NBEAL2 mutation.
Over 1.5 years, PLT counts have gradually normalized, but some PLTs are still 
hypogranular, PFA200 pathology persists, and post-collagen aggregation is no 
longer normal. Clinical manifestations have diminished, however, extensive 
bruising still forms after insult.
Conclusion  On the basis of the investigations performed, we excluded con-
genital Gray platelet syndrome as no NBEAL2 mutation was found. We are in-
clined towards acquired GPVI deficiency, which is described among others in 
autoimmune thyroiditis. We explain the reduced PLT count by vaccination with 
Comirnata Pfizer, which may cause autoimmune thrombocytopenia. In com-
bination with the reduced PLT count and reduced GPVI expression, the patient 
may have developed significant bleeding manifestations. After normalization 
of PLT, the bleeding manifestations subsided.
Conflict of Interest  No conflict of interest.
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Introduction  In response to allogeneic hematopoietic stem cell transplanta-
tion (HSCT), all blood cell lineages become replaced by donor-derived cells. 
During this process delayed engraftment results in a period of low platelet 
counts. Paradoxically, despite thrombocytopenia and associated bleedings, 
there is also an increase of thrombotic events including veno-occlusive disease/
sinusoidal obstruction syndrome (VOD/SOS), of which the underlying mecha-
nisms are yet unknown. While platelet counts are routinely monitored to eval-
uate their engraftment, platelet function after HSCT has not been studied so 
far. Here, we aimed to comprehensively assess platelet phenotype and function 
during the course of transplantation and engraftment (▶Fig. 1).

▶Fig. 1	 GPIIb/IIIa activation defect and procoagulant platelets 
in HSCT patients; (A) Stimulation of platelets from HSCT patients 
with high doses of CRP-XL or (B) thrombin receptor activator peptide 
6 (TRAP-6) revealed markedly impaired GPIIb/IIIa activation. (C) 
Platelets in HSCT patients exhibit a procoagulant phenotype as 
indicated by increased annexin V (AnnV) binding.

Method  13 adult allogeneic HSCT patients treated for acute leukemia were 
recruited at the University Hospital Würzburg (EV 301/21). Patients were con-
ditioned by total body irradiation (TBI) with chemotherapy or chemotherapy 
alone before receiving 3.8 – 9.6 x 106/kg mobilized CD34 + cells. Platelet func-
tion was studied by flow cytometry before conditioning (t1), after platelet en-
graftment (3 consecutive days over 20/nL, t2) and after 30 (t3), 60 (t4), and 100 
days (t).
Results  Surface expression of GPIb/V/IX and GPIIb/IIIa was overall unaltered 
after HSCT compared to healthy controls (HCs). CD9 exhibited a transient de-
crease at t2 while GPVI was downregulated at all time-points. We detected no 
differences in the number of PAC-1 + or CD62P + resting platelets, indicating that 
platelets were not pre-activated in response to myeloablation and HSCT. Upon 
stimulation with high doses of ADP, TRAP-6, CRP-XL or convulxin, we detected 
massively impaired integrin activation, still present at t5, whereas α-granule 
release was only mildly compromised compared to HCs. Subpopulation anal-
ysis of activated platelets revealed a decreased percentage of CD62P-PAC-1 + and 
CD62P + PAC-1 + but not CD62P + PAC-1- events in HSCT patients, suggesting 
that integrin activation and P-selectin exposure become decoupled. Platelet 
δ-granule loading and release was monitored indirectly by flow cytometry us-
ing mepacrine. Mepacrine uptake was markedly impaired in platelets of HSCT 
patients at t2, t3 and t4. In line with this, the relative mepacrine release in re-
sponse to activation was significantly impaired until t5, implying that there is a 
sustained paucity of δ-granules in these platelets. HSCT promotes activation 
of plasmatic coagulation. Intriguingly, we found massively upregulated annex-
in V binding and reduced mitochondrial membrane potential, indicative of 
procoagulant platelets.
Conclusion  We demonstrate for the first time that platelets in HSCT patients 
exhibit a severe integrin activation defect and a paucity of δ-granules, which 
is uncoupled from α-granule release. Further, we provide evidence that this is 
associated with a massive increase of procoagulant platelets, which are prone 
to promote thrombosis. Our data suggest a mechanism why both bleeding and 
thrombotic events can occur after HSCT.
Conflict of Interest  No conflict of interest to declare.
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Introduction  After vascular injury, platelets become activated to a pro-aggre-
gatory state, with a subpopulation undergoing a phenotype shift to a pro-co-
agulant state. Pro-coagulant platelets bind and localize factor VIII (FVIII) at 
injury sites. It is unclear whether modifications in recombinant (r)FVIII products 
impact FVIII-platelet binding and platelet signalling. Here we examined the 
binding of different rFVIII products to platelets in vitro, and the impact of rFVI-
II binding on the platelet phenotype and intracellular signalling.
Method  Platelets isolated from healthy donors and people with severe hae-
mophilia A were activated with thrombin and cross-linked collagen-related 
peptide.Activated platelets were incubated with simoctocog alfa, efmorocto-
cog alfa, rurioctocog alfa pegol or damoctocog alfa pegol. Binding of rFVIII to 
platelets was quantified by flow cytometry using immunostaining or by direct 
measurement of labelled rFVIII concentrates. The extent of phosphatidylserine 
(PS) exposure on the platelet surface was used to measure the shift to a pro-co-
agulant state. Annexin V-BV421 was used as a molecular probe to assess PS 
exposure levels. To assess the role of integrin αIIbβ3 signalling in the response 
of platelets to FVIII binding, platelets were concurrently activated and incubat-
ed with the integrin αIIbβ3 inhibitory antibody 10E5.
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Results  Binding to platelets of healthy donors was significantly higher with 
simoctocog alfa than with efmoroctocog alfa, rurioctocog alfa pegol or damoc-
tocog alfa pegol irrespective of the detection method (▶Fig. 1). The rFVI-
II-platelet interactions observed in the static assay were validated for simocto-
cog alfa and efmoroctocog alfa using a dynamic platelet-binding assay (▶Fig. 
1). Incubation of activated platelets with rFVIII resulted in increased PS expo-
sure, with a greater effect observed with simoctocog alfa than with efmoroc-
tocog alfa. Immunostaining revealed co-localization of simoctocog alfa and 
integrin αIIbβ3 in pro-aggregatory platelets. Inhibition of integrin αIIbβ3 de-
creased the binding of simoctocog alfa to platelets in a dose-dependent man-
ner (▶Fig. 2). Similar trends were observed for the analysis of both platelet 
binding and phenotype shift in platelets from people with severe haemophilia 
A.

Conclusion  Simoctocog alfa demonstrated higher binding to activated plate-
lets from healthy donors and people with haemophilia A in vitro compared with 
other rFVIII products. The increased binding was associated with a phenotypic 
shift in platelets and was disrupted with inhibition of integrin αIIbβ3, suggest-
ing a role of integrin αIIbβ3 signalling following binding of FVIII to platelets. 
Variations in platelet binding and signalling between different rFVIIIs might 
impact their therapeutic efficacy for the prevention of bleeds in people with 
haemophilia A.
Conflict of Interest  KS and KW declare no conflict of interest. AS and SL have 
received research funding from Octapharma AG. FAP has received research 
funding and travel grants from Octapharma AG. RK has been on an advisory 
board and has received honoraria from Octapharma AG. VV has received re-
search funding for this work from ETH Zurich and Octapharma AG, and has 
received travel grants from Octapharma AG.

▶Fig. 1	   Simoctocog alfa shows increased binding to activated 
platelets vs other rFVIII products

▶Fig. 2	   Simoctocog alfa increases PS exposure, which is reduced 
by integrin αIIbβ3 inhibition
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Introduction  Procoagulant platelets represent a subpopulation of platelets 
that are phenotypically and functionally different from aggregating platelets. 
The combined activation of platelets with collagen-plus-thrombin induces the 
formation of procoagulant COAT platelets, which expose phosphatidylserine 
(PS) and down-regulate integrin alphaIIb/beta3. This dual agonist stimulation 
mobilizes high level of cytosolic calcium, which is taken up by mitochondria 
through mitochondrial calcium uniporter (MCU). A significant rise in mitochon-
drial calcium results in the depolarization of mitochondrial membrane poten-
tial, which triggers the opening of mitochondrial permeability transition pore 
(mPTP) to achieve the supramaximal cytosolic calcium level required for PS 
exposure. Thus, in this study, we aimed to explore the function of MCU in the 
generation and modulation of procoagulant COAT platelets.
Method  Platelets were activated with thrombin (THR) or convulxin (CVX, col-
lagen GPVI agonist) or a combination of these. Flow cytometry was employed 
to monitor procoagulant and aggregatory properties of platelets using Annex-
in-V and PAC-1 binding, respectively. Function of MCU was modulated with 
specific inhibitors, namely mitoxantrone (MTX) or Ru265.
Results  Our results demonstrated that MTX had non-significant effect on sin-
gle THR stimulated platelets as this agonist triggered poor procoagulant plate-
let formation. In contrast, platelets stimulated with single CVX generated 
moderate procoagulant platelets and MTX showed a significant inhibition in 
the generation of Annexin V positive platelets. Furthermore, when we co-stim-
ulated the platelets with THR-plus-CVX, our results demonstrated that MTX 
exhibited significant decrease (-23 % ± 1.26) in Annexin V positive platelets and 
inversely increase ( + 36 % ± 4.6) in PAC-1 positive platelets. Data were replicat-
ed and validated by blocking MCU with Ru265.
Conclusion  Altogether, the present study revealed that CVX pathway alone 
and synergistically with THR enhances the formation of procoagulant platelets 
through MCU-driven mitochondrial calcium uptake. MCU is as a key regulator 
in the generation of procoagulant platelets.
Conflict of Interest  No conflict of interest to disclose.
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Introduction  Patients with primary immune thrombocytopenia (ITP) have an 
increased risk of bleeding but paradoxically also an increased thromboembol-
ic risk
Method  Between March 2017 and July 2023, 160 patients with primary ITP 
were enrolled in the Vienna ITP Biobank, a prospective dual-center cohort study 
(Medical University of Vienna; Hanusch Hospital, EC 1843/2016). Descriptive 
analysis was performed and the associations between clinical risk factors and 
prospective thrombotic events (TE) were identified using univariate and mul-
tivariate logistic regression analyses.
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Results  160 ITP patients were followed for median duration of 35 months 
(inter-quartile range (IQR): 26-52). Of them 17 (10.6 %) patients experienced 
a TE after a median of 32 months (IQR: 12-53). These events consisted of 6 ATE 
(35 %), including 3 acute myocardial infarctions, 1 cerebral vascular events 
(stroke or transient ischemic attack) and 2 peripheral artery thrombosis and 
11 (64.7 %) VTE, inlcuding 4 superficial vein thromboses, 4 deep vein throm-
boses and 3 cases of isolated pulmonary embolism. The cumulative 1- and 5- 
year incidence of TE accounting for competing mortality were 4.4 % and 9.4 %. 
Four (23.5 %) of the patients with thrombosis died during the follow-up period. 
The cause of death was unclear for three patients, while one patient died from 
pulmonary embolism. Cardiovascular risk factors were more prevalent in ATE 
patients (▶Fig. 1). At time of thrombosis the median (IQR) platelet count in 
patients was 197 (66-218) and 11 (64.7 %) patients received ITP-speciffic treat-
ment, of whom 9 (81.8 %) received thrombopoeitin-receptor agonists. In uni-
variate regression analysis, age over 60 years (OR 6.8 95 % CI 1.4-11.1, 
p = 0.009), the presence of antiphospholipid antibodies (APLA) (OR 3.5 95 %CI 
1.0-11.4, p = 0.035), particularly lupus anticoagulant positivity (OR 2.80; 95 % 
CI 1.8-9.8, p = 0.022) and anti-cardiolipin antibody positivity (OR 4.7 95 % CI 
1.2-25.1, p = 0.030), and previous thrombosis (OR 10.2; 95 % CI 3.4-30.5, 
p = 0.001), were significantly associated with a higher risk of arterial and venous 
TE among ITP patients (▶Fig. 2). After conducting multivariate logistic regres-
sion analysis, age ≥ 60 and previous thrombosis were found to be the only in-
dependent significant risk factors for developing TE (OR 3.8 95 % CI 1.34-43.28, 
p = 0.044; OR 13.2 95 % CI 3.1-45.2 p = 0.001).

▶Fig. 1	 Univariate and multivariate Logistic regression Analy-
sis. IQR, interquartile range; LA, lupus anticoagulant , aCL Ab, an-
ti-cardiolipin antibodies; ab2GPI Ab, anti-b2 glycoprotein I antibod-
ies; TPO-RAs, thrombopoietin-receptor agonist statistically signifi-
cant . p-value < 0.05

▶Fig. 2	 Baseline characteristics at time of study inclusion of 
patients with ITP; interquartile range; BMI, body mass index; LA, 
lupus anticoagulant, aCL Ab, anti-cardiolipin antibodies; ab2GPI Ab, 
anti-b2 glycoprotein I antibodies; TPO-RAs, thrombopoietin-recep-
tor agonist * statistically significant . p-value < 0.05

Conclusion  We observed high rates of arterial and venous TE in our patients. 
Previous thrombosis, APLA positivity, age, confirmed as thrombosis risk factors 
in our study. Although, ITP patients commonly present with cardiovascular risk 
factors, our study did not find that these factors affected thrombotic ris. Close 
monitoring and tailored treatment strategies should be applied to minimize 
the risk of thrombotic events in ITP patients at risk.
Conflict of Interest  The biobank from which this data derives is supported by 
Novartis, Swedish Orphan Biovitrum (SOBI), MedMedia Verlag und Mediaservice 
GmbH and AMGEN GmbH
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Introduction  Although the platelets’ role in haemostasis is well established, 
their contribution to the inflammatory response remains poorly understood. 
This is particularly true for the complex interactions between inflammatory 
factors and platelet agonists.
ANCA vasculitis is a group of rare autoimmune diseases that cause inflammation 
in small blood vessels throughout the body, leading to damage in various or-
gans. It is characterized by the presence of anti-neutrophil cytoplasmic anti-
bodies (ANCA) that target white blood cells, contributing to excessive inflam-
mation and tissue injury.
Therefore, this study aims to determine the effects of inflammatory factors 
such as different cytokines and hormones on their own and in combination with 
platelet agonists.

Method  The platelets from healthy donors are exposed to well-defined ago-
nists, including ADP, PAR1, TRAP, Epinephrine, IL-4, IL-12 and serotonin alone 
or in combination to achieve a high level of platelet activation in an in vitro 
environment. The resulting changes in platelet activation will be analysed using 
flow cytometry to measure various markers.
Results  Low concentrations of different individual agonists did not lead to 
significant platelet activation according to CD62P expression by activated plate-
lets. PAR1 agonist with 0/5µM concentration caused 7.3 % ± 4.2 % (P = 0.3365) 
CD62P expression in comparison with Control Tube (3.06 % ± 2.3 %). 5µM Epi-
nephrine agonist led to 15.8 % ± 14.26 % CD62P expression by activated plate-
let in contrast to no-agonist condition (P = 0.4594). The presence of 1µg/ml 

▶Fig. 1	   The comparison graph provided clearly illustrates the 
impact of using single and double agonists on platelet activation 
percentages versus the control tube, focusing on CD62 PE expression 
as the marker. The data highlights the potential synergistic effects 
when combining two agonists, leading to a notable increase in 
platelet activation within the population.; The comparison graph of 
different agonists on platelet activation
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LPS agonist, displayed a very mild activation of 4.5 % ± 3.5 % in CD62P expression 
(P = 0.9999) in parallel with the absence of agonists test.
However, the combination of two and three agonists illustrates a significant 
platelet activation level increase and a remarkable synergy. The mixture of 1µg/
ml LPS and 0/5µM PAR1 led to 17.37 % ± 5.6 % (P = 0.3305), 1µg/ml LPS and 5µM 
Epinephrine caused 31.83 % ± 4.4 % (P = 0.0045) and also, the combination of 
5µM Epi and 5µM led to 73 % ± 9.8 % (P =  < 0.0001) CD62P expression by acti-
vated platelets.
The combination of all named agonists with the same concentrations could 
reach 66.8 % ± 7.8 % (P =  < 0.0001) CD62P expression which is a noticeable plate-
let activation level (▶Fig. 1).
Conclusion  In conclusion, the early results from the first phase of the study 
using in vitro condition display that different agonists in combination together 
lead to a significant activation percentage in the platelet population, however, 
a similar process should be examined during in vivo models that would be eval-
uated in further study.
Conflict of Interest  N/A
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Introduction  Platelets differ in size and function. We have previously charac-
terized large and small platelet subpopulations and found that smaller platelets 
carry increased amounts of immunoglobulins, inflammatory and immunomod-
ulatory proteins compared to large platelets. This raises the question, whether 
platelets with smaller size could play a special role in host-bacteria immune 
responses and inflammation. In this study, we aimed to investigate the influence 
of large and small platelet fractions and their releasates on the growth of Staph-
ylococcus aureus.
Method  Large and small platelets of healthy donors (n = 8) were isolated from 
whole blood by differential centrifugation. Releasates were obtained from of throm-
bin-receptor-activating-peptide-6 and collagen activated large and small platelets. 
The supernant was fractionated into 3 molecular weight (MW) fractions 
(low: < 10kDa, middle:10-100kDa, and high: > 100kDa) using Amicon Ultra centrif-
ugal filter units. Intact platelets, complete and MW-fractionated platelet releasates 
were incubated with S. aureus (SA 113Δspa) and was cultured on blood agar plates 
(12h at 37 °C). Bacterial growth was assessed by counting colony forming units 
(CFU). Releasates from large and small platelets were further analysed by quanti-
tative LC-MS/MS (liquid chromatography–mass spectrometry).
Results  Large platelets and their releasates did not alter the growth of S. aureus. 
In contrast,intact small platelets and their releasates reduced bacterial growth 
by median 12 % and 38 %, respectively, when CFUs were compared to buffer 
control (p < 0.01). While MW-fractionated releasates of small platelets alone 
could not reduce the growth of S. aureus, the combination all 3 MW-fractions 
restored the antibacterial effect. Removal of the high MW fraction completely 
abolished the antimicrobial effect whereas a combination of low/high or mid-
dle/high MW fractions could both inhibit bacterial growth. Proteome analyses 
identified 151 proteins significantly more abundant in releasates of small com-
pared to large platelets (2-fold difference, p-value < 0.05, ≥ 2peptides identi-
fied), with a high proportion of plasma proteins including immunoglobulins 
(appearing in the > 100kDa fraction) and complement factors (appearing in 
the > 100kDa and 10-100kDa fractions).

Conclusion  Small platelets inhibit the growth of S. aureus by releasing anti-
bacterial proteins. The antibacterial effect requires proteins of low, middle, and 
high MW, suggesting a role of immunoglobulins and complement factors. 
Platelets with smaller size could serve as reservoir for antimicrobial plasma 
proteins and as vehicle for these proteins to sites of infection. Our data support 
a special role of platelets with smaller size in the host defence against bacteria.
Conflict of Interest  No conflict of interest to disclose.
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Introduction  The condensed MCMDM-1 Bleeding Questionnaire score has orig-
inally been designed to investigate for type 1 von Willebrand Disease (VWD). How-
ever, its diagnostic utility in detecting other hemorrhagic disorders is unknown. 
Since patients with a suspected bleeding diathesis usually undergo an extensive 
laboratory assessment including platelet function tests and measurement of co-
agulation factor activities, we wanted to assess the association between MCMDM-1 
VWD bleeding score and other laboratory parameters.
Method  We conducted a retrospective study at the University Medical Center 
Hamburg-Eppendorf, Germany. Patients presented to our department between 
January 2012 and December 2022 with a suspected bleeding diathesis. Patients 
receiving anticoagulant or antiplatelet therapy were excluded. Clinical and 
laboratory datawere retrieved fromelectronic patient charts. MCMDM-1 VWD 
bleeding score higher than three was defined as pathologic.
Results  In total, 1806 patients (median age: 39 years) were analyzed. Seven-
ty-nine percent (n = 1431) were female. A bleeding score > 3 was detected in 
51 % (n = 929) of patients. An abnormal bleeding score was associated with 
lower levels of factor VIII (FVIII) activity (127.2 % vs 137.7 %, p < 0.001), von 
Willebrand factor (VWF) activity (98.98 % vs 105 %, p < 0.005) and VWF antigen 
(103.33 % vs 111.8 %, p < 0.001). However, frequency of manifest VWD (VWF:Ag 
or VWF:Ac < 50 %), VWF activity to antigen ratio < 0.7, or FVIII deficiency did not 
differ between both groups. In contrast, patients with a bleeding score > 3 had 
longer median closure times (CTs) in the platelet function analyzer (PFA-100®​
) using the collagen/ADP or the collagen/epinephrine cartridges (101 sec vs 97 
sec, p < 0.001, and 146 sec vs 139 sec, p < 0.001, respectively) and were more 
frequently found to have abnormal CT prolongation above the upper limit of 
each test system (23 % vs 17 %, p < 0.005, and 40 % vs 31 %, p < 0.001, respec-
tively). There were no differences in platelet aggregation by different platelet 
agonists as assessed by light transmittance aggregometry (LTA) but lower lev-
els of factor VII activity (94.5 % vs 100.25, p < 0.01) in patients with a bleeding 
score < 3.
Conclusion  An MCMDM-1 VWD bleeding score > 3 is associated with lower 
VWF and FVIII levels but not with a higher detection rate of VWD or FVIII defi-
ciency in outpatients presenting to a tertiary center for the diagnostic work-up 
of a suspected bleeding disorder. In contrast, CTs in the PFA-100®​ were longer 
and findings of abnormal CT prolongation indicating impaired primary hemo-
stasis were more frequent in patients with a bleeding score > 3.
Conflict of Interest  The authors declare no conflict of interests.
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Introduction  Roctavian (AAV5-HLP-hFVIII-SQ) is an approved gene therapy in the 
EU for the treatment of severe hemophilia A. A single infusion provides therapeu-
tic levels of FVIII expression in adult men. The precise mechanisms contributing to 
variability and durability in transgene expression are unknown. Multiple lines of 
evidence suggest low RNA production contributes to the decline of FVIII expression 
and low-response to AAV gene therapy. Previously, we have shown that decreased 
interaction of active histones with episomal genomes may mediate the decline in 
transgene expression. Additional studies suggested hepatocyte capacity to fold 
and secrete FVIII may contribute to variability. We hypothesize (1) modifying the 
chromatin interaction with AAV-episomes using epigenic regulators may increase 
accessibility of vector genomes and (2) the use of molecular chaperones may im-
prove FVIII folding and secretion.
Method  Using in vitro hepatocyte models, epigenetic modifiers and molecu-
lar chaperones were screened to evaluate effects on FVIII RNA and secreted 
protein levels. Subsequently, we tested a histone deacetylase inhibitor in vivo.
Results  We identified a molecular chaperone capable of significantly increas-
ing FVIII protein secretion. Furthermore, three epigenetic modifiers significant-
ly potentiated ( > 10-fold) and re-activated FVIII RNA expression ( > 40-fold) 
following drug-induced transgene silencing in vitro. Significantly increased 
AAV-mediated transgene expression was observed in mice treated with the 
histone deacetylase inhibitor, at much lower doses than indicated for current-
ly approved use.
Conclusion  These results suggest the potential use of epigenetic modifiers to 
enhance AAV-mediated expression and reactivation, if silenced; and the use of 
chemical molecular chaperones to improve FVIII secretion; thereby optimizing 
the hemostatic benefit for hemophilia A patients.
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T-12-02  Immunoadsorption plasmapheresis for the 
removal of plasma immunoglobulins to enable 
repeat dose administration with an AAV5 gene 
therapy vector
Authors  B. Long1, B. Hock1, C. O'Neill1, J. Arens1, T. Seitel1, L. Crockett1,  
F. Relouzat2, C.-M. Fovet2, N. Dereuddre-Bosquet2, P. Maisonnasse2,  
H. Letscher2, R. Le Grand2, C. Vettermann1, S. Gupta1

Institutes  1  BioMarin Pharmaceutical Inc., Novato, USA; 2  Commissariat à 
l’Energie Atomique et aux Energies Alternatives, IMVA-IDMIT Center DRF/
Institut de Biologie François Jacob, Fontenay-aux-Roses, France
DOI  10.1055/s-0044-1779182
Introduction  The investigation of adeno associated virus (AAV) vectored gene 
therapies has increased exponentially over the past decade for the treatment 
of monogenic disorders. However, the presence of pre-existing anti-AAV neu-
tralizing antibodies (AAV NAb) may limit the efficacy of gene therapy. Moreover, 
a first administration of an AAV vector induces high titers of treatment emer-
gent AAV NAb, which may compromise repeat dose administration with the 
same vector. Depletion of AAV NAb by immunoadsorption plasmapheresis (IAP) 
is a strategy that could allow successful vector administration in recipients with 
either pre-existing or treatment-emergent antibodies. The objective of this 

study was to evaluate the effectiveness of IAP to remove AAV serotype 5 (AAV5) 
NAb from animals sensitized by an initial gene therapy dose.
Method  Five cynomolgus macaques (Macaca fascicularis) were included in this 
study; four were sensitized by administration of an AAV5 capsid encoding for 
the beta subunit of cyno chorionic gonadotropin (AAV5-βCG) at a dose of 
6E13vg/kg, and one control animal was naïve. All were subjected to IAP for a 
minimum of 1 day of 4 runs (plasma volume exchanges) to a maximum of  
3 days of 3 runs. All 5 animals were challenged with the exact same AAV5 
capsid encoding a different protein, human factor IX (AAV5-hFIX) at a dose of 
6E13 vg/kg, administered within 10 minutes of the last run IAP. Efficacy of the 
IAP procedure was functionally evaluated by laboratory measures of plasma 
IgG and AAV5 total binding antibody (AAV5 TAb) titer, hFIX plasma protein con-
centration, and quantitation of vector genomes and transcripts in liver tissue.
Results  Maximal depletion of AAV5 TAb titer ( > 99 %) was achieved in two 
animals resulting in a nadir titer of 61 and 59. These two animals achieved 
approximately 25 % and 50 % of hFIX plasma protein levels, respectively, com-
pared to the naïve animal (0.8 IU/mL), and a proportional percentage of vector 
genome copies measured in liver tissue compared to the naïve animal (1.6 x 
107 cp/mg tissue). Following a variable number of IAP sessions (plasma volume 
exchanges over consecutive days) and administration of the AAV5-hFIX chal-
lenge dose, there was significant perturbation of hematological and biochem-
ical blood parameters; however, all parameters returned to baseline levels 
within hours or days of the procedure.
Conclusion  These results demonstrate the viability of IAP as an immune modula-
tion procedure to deplete AAV5 capsid-specific antibody titers sufficient to allow 
repeat dose administration. As such, IAP may enable AAV-based vector gene ther-
apy in patients currently excluded from gene therapy clinical trials or commercial 
product use due to pre-existing antibodies. Furthermore, additional evaluation of 
the efficacy of this procedure may be worthwhile in subjects with pre-existing 
antibody titers resulting from natural exposure to AAV infections, which result in 
lower antibody titers than the treatment-emergent titers observed here.
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Introduction  Hemophilia A (HA) is managed with factor (F)VIII replacement, 
or non-factor replacement therapy such as emicizumab. More recently, gene 
therapies have been under investigation for HA. These use a modified viral 
vector to deliver a functional FVIII gene to liver cells, aiming to safely provide 
long-term, stable FVIII expression to prevent bleeding. Dirloctocogene samo-
parvovec (SPK-8011), an investigational gene therapy, uses a modified ade-
no-associated viral vector designed to achieve clinically meaningful and sus-
tained FVIII expression at the lowest possible dose. The ongoing Phase I/II trial 
(NCT03003533/NCT03432520) is evaluating the safety and efficacy of dirloc-
tocogene samoparvovec, assessed by FVIII activity levels and patient-reported 
bleeding events.
Method  This open-label, multicenter, non-randomized trial enrolled partici-
pants into four dose cohorts, receiving a single intravenous dose (▶Fig. 1).

Results  At data cut-off (Oct 4, 2022), 24 participants were included across 
dosing cohorts. Median observation time was 191 (range: 2–285) weeks. Thir-
teen participants (54.2 %) experienced 28 adverse events (AEs) related to dir-
loctocogene samoparvovec, including one serious AE, a Grade 2 alanine 
transaminase (ALT, a liver enzyme) elevation resulting in elective hospitalization 
for intravenous corticosteroid administration. Eight participants (33.3 %) ex-
perienced 26 immunomodulatory therapy-related AEs. No FVIII inhibitors or 
thrombotic events were reported. Fourteen participants had transient ALT 
elevations per CTCAE Grade 1–3, with these being Grade 1 in 12/14 partici-
pants. Among 18 participants with ≥ 1 year of follow-up, 16 showed sustained 
FVIII activity, with most in the mild HA range, and two lost FVIII expression 
within the first year following a presumed capsid immune response. These two 
participants were not included in efficacy analyses. In participants previously 
using prophylaxis (n = 17) who received dirloctocogene samoparvovec, mean 
all-bleeds annualized bleeding rate (ABR) was reduced by 82 % (95 % confidence 
interval [CI]: 55–93 %): ABR of 6.88 (95 % CI: 4.17–11.37) pre-vector infusion 
versus 1.21 (0.55–2.66) post infusion. In participants previously using on-de-
mand treatment (n = 5), there was a 99 % reduction (95 % CI: 98–100 %) in all-
bleeds ABR: 27.17 (95 % CI: 18.46–39.98) pre-vector infusion versus 0.23 
(0.13–0.42) post infusion. Median annualized FVIII infusion rates (AIRs) starting 
28 days post-vector infusion were 0.3 (interquartile range: 0.0–1.4) versus 85.5 
(40.0–104.0) pre infusion.

▶Fig. 1	   Study design: a Phase I/II, open-label, multicenter, 
non-randomized trial

Conclusion  With up to 5 years of follow-up (range: 2–285 weeks), a dirlocto-
cogene samoparvovec infusion in participants with HA resulted in sustained 
year-to-year FVIII expression and clinically meaningful ABR and AIR reductions. 
No major safety signals were reported, indicating dirloctocogene samoparvo-
vec was well tolerated.
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Introduction  Seroprevalence studies indicate many prospective gene therapy 
(GT) patients have been previously exposed to adeno-associated viruses (AAV) 
and harbor pre-existing AAV antibodies which may impact the administration 
and efficacy of GT. The objective of this study was to further characterize pre-ex-
isting antibody responses to AAV serotype 5 (AAV5) in severe hemophilia A 
patients (n = 540) who are GT naïve.
Method  We evaluated AAV5 neutralizing factors (transduction inhibition, TI) 
using a cell-based assay, AAV5 total binding antibodies (TAb) using a bridging 
immunoassay, AAV serotype specificity using a bridging immunoassay, AAV5 
complement activation, and AAV5 antibody isotypes [1].
Results  Most subjects with pre-existing immunity to AAV5 were positive for 
TAb and TI, with a small subset showing discordant results. Pre-existing AAV5 
TAb titers were much lower than AAV5 post-treatment titers. We previously1 
assessed the seroprevalence of pre-existing immunity to AAV5 and four other 
AAV serotypes (AAV2/6/8/rh10). Using those data, we assigned subjects to 
AAVx positivity groups (Negative, 1, 2, 3, 4, 5) based on the number of positive 
serotypes. There was no association between higher AAV5 TAb titers and the 
presence of antibodies reactive with other serotypes, suggesting that 
AAV5-specific TAb titers were not broadly a result of previous AAV exposures 
and subsequent cross-reactivity. In a subset of subjects (n = 43), AAV5-induced 
complement activation was assessed in vitro by measuring complement split 
products (C3a, C4a, C5a, Bb). In some samples with AAV5 TAb, a > 200 % in-
crease in activated complement split products was observed; however, this was 
not correlated with AAV5 TAb titer magnitude. Complement activation was not 
observed in TAb-negative subjects, and not all TAb-positive subjects exhibited 
complement activation. Based on AAVx positivity, mean complement activation 
to AAV5 > 200 % in vitro was measured only in subjects that were positive for 
all five serotypes (AAV5/2/6/8/rh10). Activation of complement may enhance 
complement receptor-mediated clearance, alter the biodistribution away from 
the target tissue, and therefore reduce transduction (▶Fig. 1).

In another subset of subjects (n = 78) with pre-existing AAV5 TAb positivity, we 
characterized the isotype and subtype of the anti-AAV5 response (IgM, IgG1, 
IgG2, IgG3, IgG4, IgA). Responses were predominantly the IgG isotype. AAV5 
TAb titers > 100 and TI titers > 60 were associated with detection of IgG1, but 
AAV5 TAb titers > 100 that were TI negative/titer < 60 did not reveal a similar 

▶Fig. 1	 AAVx Positivity (out of 5 total)

trend. Consequently, highly neutralizing antibody responses were associated 
with detection of AAV5-specific IgG1.
Conclusion  Our in-depth characterization of pre-existing immunity to AAV5 can 
help elucidate the most important immunological determinants that limit AAV 
vectored transduction of target tissues. Understanding these determinants of 
pre-existing immunity could enable more patients to gain access to GT.
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Introduction  Fidanacogene elaparvovec (PF-06838435, formerly SPK-9001) is an 
adeno-associated virus-based gene therapy vector transferring the high-activity 
variant of human factor IX (FIX) FIX-R338L for the treatment of hemophilia B. The 
aim of this study was to evaluate the efficacy and safety of fidanacogene elaparvo-
vec in participants with moderately severe or severe hemophilia B.
Method  BENEGENE-2 (NCT03861273) is a phase 3, open-label, single-arm trial 
that enrolled adult males with hemophilia B (FIX:C ≤ 2 IU/dL) who had completed ≥ 6 
months of FIX prophylaxis prior to administration of 5e11 vg/kg fidanacogene 
elaparvovec. The primary endpoint was non-inferiority on annualized bleeding rate 
(ABR) for total (treated and untreated) bleeds from Week 12 to Month 15 post-in-
fusion vs the pre-infusion prophylaxis period. Key secondary endpoints included 
FIX activity, ABR for treated bleeds, and annualized infusion rate. Other secondary 
endpoints included annualized FIX consumption, ABR of specific bleed types (eg, 
spontaneous), and frequency of target joint bleeds. Adverse events (AEs) were 
monitored. Participants provided written informed consent and the study was 
approved by the relevant regulatory/ethics committees.
Results  Forty-five participants (median [range] age, 29 [18, 62] years) were 
dosed with fidanacogene elaparvovec. Total ABR was reduced by 71 % post-fi-
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danacogene elaparvovec treatment vs prophylaxis (mean ABR, 1.3 vs 4.4; 
P < 0.0001; ▶Fig. 1) and was stable over time (0.4 at Year 3; n = 21). Mean FIX 
activity, measured by one-stage SynthASil, one-stage Actin-FSL, and chromo-
genic assays, is shown in ▶Fig. 2. FIX activity remained relatively stable at 
Month 24 (▶Fig. 2). Data for other secondary efficacy endpoints are shown in 
▶Fig. 1. Twenty-eight participants (62 %) received corticosteroids for pre-
sumed immune response. No deaths, infusion-related serious AEs, thrombot-
ic events, or FIX inhibitors were reported.

Conclusion  Fidanacogene elaparvovec yielded endogenous FIX expression in 
participants with moderately severe to severe hemophilia B, resulting in signif-
icant decreases in bleeding and was generally well tolerated.
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▶Fig. 1	   Total bleeds, treated bleeds, annualized infusion rate and 
resumption of prophylaxis in the pre-infusion prophylaxis and 
post-infusion periods

▶Fig. 2	   Mean FIX activity levels ( %) by one-stage SynthASil, one-
stage Actin-FSL and chromogenic assays
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T-12-06  smart medication Gene – a collaboration 
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hemophilia A/B
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Introduction  Since the EMA approval of gene therapy for hemophilia A and B, 
two new gene therapies are immediately available as treatment options. The 
gene therapies are characterized by a complex patient initiation and follow-up 
process. The smart medication GENE software platform is a collaboration and 
documentation tool for the entire patient journey from the initial consultations 
between physician and patient at the home center to the application of the 
gene therapy at the dosing center as well as follow-up care of the patient after 
therapy has been applied.
Method  smart medication Gene covers all documentation and collaboration 
requirements between home center and dispensing center according to the 
Hub & Spoke modell (see ▶Fig. 1). The complex treatment process can be in-
dividually configured and adapted. For example, individual tasks can be as-
signed to the home center or the dosing center respectively. Tasks and results 
can be tracked, edited and marked as completed by the centers (see ▶Fig. 2). 
The entire patient journey is mapped: from initial discussions, patient education 
and proper documentation of a informed consent, outcome of the AAV test, 
preparation and application of gene therapy and follow-up after application of 
gene therapy.

▶Fig. 1	 Hub & Spoke Model; Requirements of the Hub & Spoke 
Modell
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Results  smart medication Gene was developed in close collaboration with 
pharmaceutical manufacturers to take into account and map all requirements 
for the application of gene therapy. In a further step, the software tool was 
extensively validated in an advisory board consisting of physicians from future 
home centers and dosing centers. HCPs are currently being trained in the use 
of smart medication Gene, so that patients can then be documented and gene 
therapy applied in collaboration between the centers.
Conclusion  smart medication Gene covers the entire patient journey of gene 
therapy in hemophilia A and B. The tool was developed in collaboration with 
physicians and the pharmaceutical industry for physicians. It is expected that 
gene therapies will be performed in Germany in a sisgnificant number after the 
conclusion of negotiations with the health insurance companies and that the 
tool smart medication Gene will be used as standard tool in Gene therapy.
Conflict of Interest  Biomarin, CSL Behring
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Introduction  Etranacogene dezaparvovec (formerly AMT-061) has recently 
become a therapeutic option for patients (pts) with haemophilia B (HB) and 
comorbid chronic hepatitis C virus (HCV) and hepatitis B virus (HBV). The piv-
otal phase 3 HOPE-B trial (NCT03489291) evaluated etranacogene dezaparvo-
vec in pts with severe or moderately severe HB; here we evaluate the efficacy 
and safety in the subset of pts with a history of chronic HCV and/or HBV over 3 
years post treatment.

▶Fig. 2	 Dashboard Patient Journey; Dashboard of smart medica-
tion Gene software tool to visualize the patients journey

Method  Adult males with haemophilia B (factor IX [FIX] ≤ 2 %), were infused 
with a single dose of etranacogene dezaparvovec (2 × 1013 gc/kg; an adeno-as-
sociated virus serotype 5 (AAV5) vector containing FIX Padua R338L transgene 
under the control of the liver-specific promoter LP-1), following a ≥ 6-month 
lead-in period of FIX prophylaxis. Exclusion criteria included baseline liver chem-
istries > 2 × upper limit of normal; active HCV/HBV or uncontrolled HIV infec-
tion; or advanced liver fibrosis (FibroScan score ≥ 9 kPa).
Results  Of 54 pts in the HOPE-B trial, 31 (57.4 %) had comorbid chronic HCV 
without active disease. Of these, 7 had a history of chronic HBV infection with-
out active disease. Two were HCV/HIV co-infected. Two pts were HBV + /HCV–/
HIV–. The mean age in HCV/HBV pts (n = 33) was 50.0 years (range, 31-75). 
Mean ± SD FIX activity was 46.5 ± 23.0, 40.2 ± 20.8, and 44.5 ± 19.0 at Years 1, 
2, and 3 in HCV/HBV pts and 34.0 ± 17.8, 31.3 ± 14.6, and 31.0 ± 13.1 at Years 
1, 2, and 3 in HCV–/HBV– pts (n = 21). Mean FibroScan score for HCV/HBV pts 
was 5.2 kPa (range 2.8-8.0). Excluding 1 pt with AAV5 neutralising antibody 
(NAb) titre of 1:3212, HCV/HBV pts (n = 32) demonstrated ABR ratio of 0.31 
(95 % CI, 0.13, 0.72), indicating 69 % reduction in all bleeding, sustained from 
months 7-36 post treatment.
In the HCV/HBV subgroup, 5/33 (15.2 %) had ALT elevations, of which 4/33 
(12.1 %) were treated with corticosteroids versus 11/54 (20.4 %) and 9/54 
(16.7 %) in the whole HOPE-B population, respectively. As reported previously 
HCV/HBV pt developed a hepatocellular carcinoma (HCC) deemed unrelated 
to treatment.
Conclusion  Patients in the HOPE-B trial with HCV and/or HBV infection show 
comparable efficacy and safety to the rest of the study population.
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T-13. Acquired coagulation disorders
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Introduction  Immune thrombotic thrombocytopenic purpura (iTTP) is a rare, 
life-threatening autoimmune disorder caused by ADAMTS13 deficiency. Capla-
cizumab, an anti-VWF nanobody, is approved for iTTP treatment, reducing the 
need for therapeutic plasma exchange (TPE) and improving platelet recovery 
and survival.
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Method  All patients in this study were identified from the Austrian Thrombot-
ic Microangiopathy Registry (ATMAR) and the German REACT-2020 TTP regis-
try (ClinicalTrials.gov identifier: NCT04985318). A total of 42 acute iTTP epi-
sodes in 41 patients were managed with a treatment regimen aimed at 
avoiding first-line TPE if the platelet count increased after the first dose of 10 
mg caplacizumab, and the patient’s condition and organ function remained 
stable (TPE-free cohort). This treatment modification was implemented based 
on shared decision making. An extensive efficacy and safety analysis of this 
approach was performed, in comparison with a control group of 59 patients 
with iTTP, receiving frontline caplacizumab treatment with TPE and immuno-
suppression (TPE cohort). The main outcome was time to platelet count nor-
malization. Secondary outcomes included clinical response, exacerbation, re-
fractory iTTP, and iTTP-related deaths. Retrospective safety assessments with 
evaluation of complications were performed in both cohorts.
Results  The median time to platelet count normalization was similar between 
the two cohorts (3 and 4 days; P = 0.31). There were no significant differences 
in clinical response, exacerbations, refractoriness, or iTTP-related deaths. Four 
patients did not respond to the first dose of caplacizumab, and TPE was initiat-
ed. CMV infection, HIV/hepatitis B co-infection, and ovarian teratoma may have 
hindered immediate treatment response (▶Fig. 1).

During overall follow-up at least one complication was observed in 11 patients 
(26.2 %) in the TPE-free group and 16 patients (27.1 %) in the control group. 
Serious complications associated with therapeutic plasma exchange were ob-
served in 3 patients (5.1 %) exclusively in the SOC cohort, comprising severe 
anaphylactic reactions. Bleeding complications were reported without a sig-
nificant difference and mainly comprised gingival bleeding and epistaxis. Two 
patients in the TPE-free cohort (4.8 %) experienced major bleeding events, 
namely subdural hematoma requiring surgical intervention and gastrointesti-
nal bleeding with mass transfusion (▶Fig. 2).
Conclusion  Our treatment approach was successfully implemented in 38 of 
42 acute iTTP episodes (90.5 %). We observed no significant difference in the 
time to platelet count normalization between patients with iTTP treated with 
and without TPE. The analysis of key secondary outcomes did not reveal signif-
icant differences in the proportion of patients who achieved a clinical response 
or experienced exacerbations, refractoriness, or TTP-related deaths. In conclu-
sion, Caplacizumab and immunosuppression, without TPE, rapidly controlled 
microvascular thrombosis and achieved a sustained clinical response in iTTP.
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Introduction  Liver cirrhosis (LC) induces alterations in haemostatic systems 
usually in favour of a prothrombotic state. The effect of direct oral anticoagu-

▶Fig. 2	   Outcome parameters and safety analysis of the TPE-free 
and TPE cohorts

▶Fig. 1	 Time to platelet count normalization after the first 
caplacizumab administration; Symbols indicate censored data. P 
value for time to platelet count normalization is 0.31 according to 
log-rank test.
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lants (DOAC) in this population remains to be investigated. The “one dose fits 
all” approach used for DOAC might not always be adequate for patients with 
complex prothrombotic conditions, as highlighted in triple positive antiphos-
pholipid syndrome [1, 2]. With this rationale, we aimed to compare the anti-
coagulant effect of DOAC (anti-Xa inhibitors) on ex vivo thrombin generation 
in plasma from patients with LC and a prothrombotic (P-LC) or highly-prothrom-
botic (HP-LC) profile compared to healthy donors (HD).
Method  We included 72 patients with LC and 10 HD. Plasma samples were 
divided into P-LC (n = 43) or HP-LC (n = 29) according to ex vivo thrombin gen-
eration (TG) as assessed by ST Genesia (ThromboScreen with and without 
thrombomodulin; Stago, France). HP-LC plasma was defined as an endogenous 
thrombin potential inhibition mediated by thrombomodulin < 20 %. Plasmas 
were spiked with either vehicle, apixaban, edoxaban or rivaroxaban (final con-
centrations: 50 and 150 ng/ml). After spiking, DOAC concentrations were ver-
ified and ex vivo thrombin generation was analysed using ST Genesia with 
DrugScreen. Ratios for velocity index (VI) and peak height (PH) were defined 
as the TG parameter of interest with DOAC divided by the same parameter 
without DOAC. Comparisons between P-LC, HP-LC and HD plasma were per-
formed for each concentration using Kruskal-Wallis test.
Results  At a concentration of 50 ng/ml (▶Fig. 1), no statistical difference be-
tween P-LC and HD was observed except for rivaroxaban. However, both VI and 
PH ratios for HP-LC plasma were significantly higher in samples with apixaban, 
edoxaban and rivaroxaban compared to HD plasma. At a concentration of 150 
ng/ml (▶Fig. 2), no statistical difference between P-LC and HD was observed 
(excepted for edoxaban). However, similar to 50 ng/ml, both VI and PH ratios 
for HP-LC plasma were significantly higher in samples with apixaban, edoxaban 
and rivaroxaban compared to HD plasma.

▶Fig. 1	   Effect of DOAC at 50 ng/ml. Ratios for velocity index (VI) 
and peak height (PH) after spiking with apixaban (panel A, D), edox-
aban (panel B, E) and rivaroxaban (panel C, F) in prothrombotic 
(P-LC) or highly-prothrombotic (HP-LC) patients with liver cirrhosis 
(LC) compared to healthy donors (HD). Ns, non significant (p-val-
ue > 0.05); * , p-value ≤ 0.05; *  * , p-value < 0.01; *  *  * , p-val-
ue < 0.001; *  *  *  * , p-value < 0.0001.

Conclusion  We demonstrated that DOAC with anti-Xa activity exhibit a vari-
able anticoagulant effect in LC. At similar spiked concentrations, anti-Xa inhib-
itors (apixaban, edoxaban and rivaroxaban) showed a significantly lower anti-
coagulant effect in HP-LC compared to HD plasma. These findings raise the 
question whether dose-adjustments and monitoring may be clinically useful 
in selected patients with LC demonstrating a highly prothrombotic potential.
Conflict of Interest  Stago (Asnière-sur-Seine, France) supported the study 
with discounts for ST Genesia reagents. No other relevant conflict of interest 
to disclose.
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Introduction  Anti-platelet factor 4 (PF4) antibodies have been identified as 
the cause of vaccine-induced immune thrombotic thrombocytopenia following 
adenoviral vector-based COVID-19 vaccines. Previous studies have primarily 
focused on determining the frequency of anti-PF4 antibodies shortly after the 
first COVID-19 vaccination, leaving the rates of anti-PF4 antibody positivity 
after second vaccinations largely unknown.

▶Fig. 2	   Effect of DOAC at 50 ng/ml. Ratios for velocity index (VI) 
and peak height (PH) after spiking with apixaban (panel A, D), edox-
aban (panel B, E) and rivaroxaban (panel C, F) in prothrombotic 
(P-LC) or highly-prothrombotic (HP-LC) patients with liver cirrhosis 
(LC) compared to healthy donors (HD). Ns, non significant (p-value 
> 0.05); *, p-value ≤ 0.05; **, p-value < 0.01; ***, p-value 
< 0.001; ****, p-value < 0.0001
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Method  In this study, we analyzed serum samples from healthcare workers 
who had received at least two vaccines, with the first vaccine being the Astra-
Zeneca (AZ) vaccine. Anti-PF4/heparin IgG antibody levels were determined 
using a commercially available ELISA kit. An optical density (OD) greater than 
0.5 was considered a positive result. Heparin and PF4 dependent procoagulant 
platelet formation was analyzed with flow cytometry.
Results  A total of 444 study participants (356 (80 %) females and 88 (20 %) 
males) with a median age of 48 years (ranging from 21 to 67 years) were in-
cluded in this study. Serum samples were collected a median of 158 days (range: 
76 to 209 days) after the second vaccination. Of the samples analyzed, 27 (6 %) 
were positive by ELISA with a median OD of 0.728 ranging from 0.5 to 2.8. 
Specifically, there were 5 of 93 cases (5.3 %) in individuals who received two AZ 
vaccinations, 15 of 226 cases (6.6 %) in individuals who received AZ-Biontech/
Pfizer vaccinations, and 7 of 125 cases (5.6 %) in individuals who received 
AZ-Moderna vaccinations. None of the positive serum samples (OD > 0.5) in-
duced procoagulant platelet formation in flow cytometry.
Conclusion  The observed frequency of positive cases is consistent with find-
ings from previous studies conducted after the first vaccination. However, the 
presence of cases with high OD values and the time elapsed since the second 
vaccination suggest the need for further studies to fully evaluate the clinical 
significance of vaccine-induced anti-PF4 antibodies.
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Introduction  Acquired hemophilia A (AHA) is a severe bleeding disorder 
caused by autoantibodies against coagulation factor VIII (FVIII). Standard treat-
ment consists of bleeding control with bypassing agents and immunosuppressive 
therapy. Emicizumab is a bispecific antibody that mimics the function of FVIII irre-
spective of the presence of neutralizing antibodies. Recently, the GTH-AHA-EMI 
study demonstrated that emicizumab prevents bleeds and allows to postpone 
immunosuppression, which may influence future treatment strategies.
Method  A Delphi procedure was conducted among 33 experts from 16 Ger-
man and Austrian hemophilia care centers to provide clinical practice recom-
mendations on the use of emicizumab in AHA. Statements were scored on a 

scale of 1 to 9, and agreement was defined as a score of ≥ 7. Consensus was 
defined as ≥ 75 % agreement among participants, and strong consensus 
as ≥ 95 % agreement.
Results  Strong consensus was reached that emicizumab is effective for bleed 
prophylaxis and should be considered from the time of diagnosis (100 % consen-
sus). A fast-loading regimen of 6mg/kg on day 1 and 3mg/kg on day 2 should be 
used if rapid bleeding prophylaxis is required (94 %). Maintenance doses of 1.5mg/
kg once weekly should be given (91 %). Immunosuppression should be offered to 
patients on emicizumab if they are eligible based on physical status (97 %). Emici-
zumab should be discontinued when remission of AHA is achieved (97 %).
Conclusion  These GTH consensus recommendations provide guidance to 
physicians on the use of emicizumab in AHA and follow the results of clinical 
trials that have shown emicizumab is effective in preventing bleeding in AHA.
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Introduction  Acquired hemophilia A (AHA) is a rare autoimmune disorder 
caused by autoantibodies against factor VIII (FVIII) and can lead to potential 
life-threatening bleeding events. Primary therapy goals are prevention and 
control of bleeding, inhibitor eradication by immunosuppression and therapy 
of a potential underlying disease. While predictors for remission have been 
investigated, there is still very few data available for recurrences and predictors 
which may help to monitor patients.
Method  The study was a retrospective and in parts prospective study of 79 
AHA patients treated between 10/1995 and 01/2021 at the Hemophilia Com-
prehensive Care Center of University Hospital Frankfurt am Main. Research 
protocol was approved by the ethics committee. Definition of remission was 
used according to GTH criteria [1]. Recurrence was defined as renewed FVIII 
acitivity decrease to < 50 IU/dl and renewed neutralizing FVIII inhibitor ≥ 0.4 
Bethesda units (BU)/mL after initial complete (CR) or partial remission (PR). 
Data collection was based on existing patient files and on structured interviews.
Results  The baseline characteristics of the 79 patients are summarized in ▶Fig. 1.

Time in remission
All relapsing patients with initial CR had their first relapse < 1 year after achiev-
ing CR. Median time in CR was 44.5 days and 75 days for PR.
Recurrence rate
18 patients recurred after initial CR or PR. In total 22 patients did not achieve re-
mission or state of remission was unknown, 11 patients died in close period around 
the initial AHA diagnosis and 5 patients could not be followed up ≥ 1 year. Therefore 
the remission rate of the remaining 41 patients (100.0) was 43.9 %.
Remission process from initial episode to 1st relapsing episode
After initial AHA episode 41 patients achieved CR, while 16 patients stayed in 
initial PR. 14 patients achieved no remission and 8 were lost to follow up. 11 of 
18 1st time relapsing patients relapsed in CR (61.1 %) and 7 in PR (38.9 %). Out 
of the initial CR relapsing patients 75.0 % achieved a new CR out of initial CR, 
whereas the initial PR relapsing patients achieved new CR in 57.1 % (▶Fig. 2), 
p = 0.659.
Conclusion  Here we report the first results of the only study so far, that reports 
recurrences of AHA in detail and will evaluate possible predictors in further 
analysis.

▶Fig. 1	   Baseline characteristics of the cohort.

The following findings have been obtained so far:
▪▪ Our study showed a AHA-relapsing rate of 43.9 %
▪▪ Due to the fact, that all relapsing patients relapsed < 1 year after achieving 
initial CR, we highly recommend a follow up period of at least 1 year after 
CR.

▪▪ Achievement of initial CR was no protective factor against recurrences.
▪▪ Patients who went from PR to relapse were able to regain PR and also 
often CR afterwards.
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▶Fig. 2	   Remission process from initial episode to 1st relapsing 
episode.
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Introduction  Cerebral venous sinus thrombosis (CVST) is a rare cerebrovas-
cular disease that primarily affects adults. However, its occurrence in paediat-
ric patients presents unique challenges. This paper discusses a paediatric case 
of severe CVST and thrombocytopenia following adenovirus infection, resem-
bling vaccine-induced immune thrombotic thrombocytopenia (VITT). The aim 
of this study is to serologically characterize antibodies against platelet factor 
4 (PF4)/heparin detected in the serum of patients and to investigate their abil-
ity to induce thrombosis ex vivo.
Method  Serum sample was investigated for anti-PF4/heparin antibodies using 
a commercially available enzyme immunoassay (EIA). The functionality of an-
ti-PF4 antibodies were investigated using modified heparin induced platelet 
agregation (HIPA) assay as well as procoagulant platelet assay in flow cytome-
try. The ability of patient’s serum to induce thrombosis was investigated using 
an ex vivo model for antibody-mediated thrombosis.
Results  A 7-year-old girl presented with sudden onset of severe headache and 
vomiting after adenovirus infection. Extensive thrombosis in the superior sag-
ittal sinus and thrombocytopenia were noted. Thrombectomy was performed, 
but recurrent thrombosis occurred. Therapeutic anticoagulation with unfrac-
tionated heparin was started and a second mechanical thrombectomy was 
performed. Due to thrombocytopenia and bleeding complications, the patient 
received high-dose intravenous immunoglobulin (IVIG), which rapidly normal-
ised the platelet count. Examination of the sample taken before heparin ther-
apy showed a strong IgG PF4/heparin EIA reaction (OD 2.8; normal range: 
0-0.5). However, the HIPA assay was negative with a low concentration of hep-
arin, making heparin-induced thrombocytopenia (HIT) very unlikely. In con-
trast, modified HIPA was positive (platelet aggregation within 5 minutes in the 
presence of PF4 and within 15-35 minutes without exogenous PF4), a serolog-
ical pattern that mimics VITT. Patient's serum induced procoagulant platelet 
formation, which was inhibited by IV.3 (Fcγ receptor IIA [FcγRIIA] blocking 
monoclonal antibody) and IVIG, indicating FcγRIIA dependence. In a novel ex 
vivo model of antibody-mediated thrombosis, patient serum induced signifi-
cant thrombus formation with increased fibrin deposition compared to healthy 
control, which was prevented by IV.3 and IVIG.
Conclusion  This case suggests that anti-PF4 antibodies can develop after ad-
enovirus infection without prior heparin or COVID-19 vaccine exposure, leading 
to severe CVST and thrombocytopenia. The mechanisms behind this phenom-
enon warrant further investigation, potentially impacting the management of 
unexplained thrombosis and thrombocytopenia.
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Introduction  Liver cirrhosis (LC) is a complex condition that is associated, 
among others, with a prothrombotic state and episodes of decompensation. 
While hypercoagulability is secondary to the altered equilibrium in coagulation 
factors, the causes of liver decompensation are multiple. The aim of this study 
is to investigate the relationship between hemostatic parameters anDariusd 
the occurrence of LC decompensation.
Method  We performed a prospective single-centre study at Lausanne Univer-
sity Hospital (CHUV) including 302 non-anticoagulated adult patients with LC 
of all aetiologies and stages. The primary outcome was LC decompensation, 

defined by the development of ascites, encephalopathy, hepato-renal syn-
drome, spontaneous bacterial peritonitis, or variceal bleeding. We studied 
clinical and laboratory parameters including in vivo and ex vivo thrombin gen-
eration. Statistical analyses were performed using univariate and multivariate 
logistic regression.
Results  Among the 302 patients, 67 (22.2 %) developed LC decompensation. 
Results of logistic regression are presented in ▶Fig. 1. Six parameters were 
found to be significantly and independently associated with LC decompensa-
tion: Child-Turcotte-Pugh score, alkaline phosphatase, gamma-GT, hemoglo-
bin, prothrombin fragments 1 and 2 (F1 + 2) and thrombomodulin-mediated 
(TM) endogenous thrombin potential (ETP) inhibition. The combination of 
these six variables predicted liver decompensation with an area under the ROC 
curve of 0.93.

Conclusion  We developed a score that accurately predicts LC decompensation. 
Interestingly, several hemostasis parameters, including in vivo and ex vivo 
thrombin generation, were found to be significantly associated with the occur-
rence of LC decompensation in univariate analyses. More specifically, F1 + 2 and 
TM inhibition were found to be significantly and independently associated with 
LC decompensation. This observation supports a major role of a prothrombot-
ic state in the pathophysiology of LC decompensation, suggesting a rationale 
for the use of anticoagulation as a preventive measure. After external validation, 
the proposed score shall be used in a large prospective study assessing the 
utility of targeted prophylactic anticoagulation to prevent decompensation in 
patients with LC.
Conflict of Interest  No conflict of interest to declare

▶Fig. 1	 Patient characteristics and results of univariate and 
multivariate logistic regression. Numbers are mean (standard devi-
ation), resp. numbers of patients (percentage). NASH, nonalcoholic 
steatohepatitis; ETP, endogenous thrombin potential; TM, thrombo-
modulin.
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Introduction  Severe COVID-19 disease is characterized by a proinflammatory 
state with multiple organ dysfunction and a significant derangement of haemo-
stasis. Critically ill patients are at increased risk of developing venous and arterial 
thrombosis, as well as extensive fibrin deposition and microthrombi formation in 
the lungs, suggesting a disbalance in fibrin generation and degradation often re-
sulting in death. Given the role of FXIII in fibrin cross-linking and clot stabilization, 
this study investigates the impact of FXIII activity on overall in-hospital mortality 
as well as dynamic changes in activity during the course of disease.
Method  This analysis includes 68 patients who were treated at the ICU of 
Frankfurt University Hospital between March 01, 2020 and December 31, 2021. 
Patients had to be over 18 years of age with laboratory confirmed SARS-CoV-2 
infection requiring mechanical ventilation or high-flow oxygen therapy without 
having undergone ECMO-therapy.
We prospectively collected blood coagulation data from each patient at day 
one and day five as well as relevant clinical data from electronic medical records. 
This includes clinical characteristics, age, gender, relevant comorbidities, and 
therapeutic interventions [1–2].
Results  Levels of Factor XIII activity decreased significantly over the course of 
hospitalisation (p < .001). Activity was decreased below the normal range of 
70-130 % in 14 out of 68 Patients (20.6 %) upon admission to the ICU. On day 
five, this reduction was even more pronounced with 35 out of 68 patients 
(51.5 %) below normal range. On average, mean factor XIII activity decreased 
by 22.4 % during this period.
We divided the patient cohort into "Median low" and "Median high" groups using a 
median split at each respective time point (▶Fig. 1). While FXIII levels on day one 
and day five did not show an association with in-hospital mortality in univariate 
logistic regression analysis, the dynamic change in FXIII activity (FXIII Δ) emerged 
as a predictor of survival, with a sharp decrease in activity indicating a higher risk 
of death. In the multivariate survival analysis, FXIII Δ was identified as an independ-
ent predictor of mortality (HR = 2.174; 95 % CI [1.075, 4.386]; p = .031). ▶Fig. 2 
illustrates the survival curve adjusted for group differences.

Conclusion  Low FXIII-activity was found in a relevant portion of patients and 
further decreased with prolongation of hospitalization. A sharp decline in ac-
tivity was associated with higher risk of in-hospital mortality. This decrease may 
be attributed to factor consumption resulting from increased activation of 
procoagulant pathways. However, alternative mechanisms, such as reduced 
synthesis due to liver dysfunction or the development of autoantibodies against 
FXIII, cannot be ruled out. To establish a causal relationship between our ob-
servations and the underlying mechanisms, further research is required.

▶Fig. 1	   Median FXIII activity
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Introduction  Acquired hemophilia A (AHA) is a rare serious bleeding disorder 
caused by autoantibodies targeting coagulation factor VIII (FVIII). The general 
one-year survival rate is about 68 %, with considerably worse survival if the 
inhibitor cannot be eliminated. Alongside the risk of severe bleeding, compli-
cations arising from the immunosuppressive treatment of AHA are of particu-
lar concern. AHA primarily affects elderly patients, and comorbidities and 
frailty can limit treatment options and increase susceptibility to complications. 
Currently, there is a need to develop treatment regimens for treatment of AHA 
in frail patients [1]. We present here a case of relapsed AHA with high levels of 
FVIII inhibitor in a 83-year-old female patient with multiple health conditions. 
To treat the AHA the patient received subcutaneously administered daratu-
mumab, a monoclonal antibody targeting CD38.
Method  Recombinant coagulation factor VIIa (rFVIIa) was administered as 
initial hemostatic therapy. The hemostatic treatment was then continued with 
emicizumab to further bridge the hemophilia. However, initial immunosup-
pressive therapy was not sufficient to treat the inhibitor in a patient who was 
too frail for more intense immunosuppression. We therefore decided to treat 
the AHA off-label with daratumumab on an outpatient basis.
Results  The patient presented with spontaneous subcutaneous bleeds and 
was at risk of developing a compartment syndrome of the left arm. Bleeding 
was controlled using rFVIIa, and hemostasis was then maintained with emici-

▶Fig. 2	   Survival curve adjusted for age and lung function (paO2/
FiO2-ratio)
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zumab. An accidental minor skin lesion on the lower left leg did not exhibit 
increased bleeding during hemostatic therapy with emicizumab. However, the 
inhibitor titer rose from 1733 Bethesda Units (BU) per ml to 2653 BU/ml after 
starting the immunosuppressive treatment with prednisolone and one dose of 
rituximab. Due to the patient's multiple health conditions, she was not eligible 
for intensive outpatient immunosuppressive therapy, and the initiated therapy 
with cyclophosphamide was discontinued after 10 days. Instead, the patient 
received subcutaneous daratumumab on a weekly basis for 12 weeks, followed 
by every 2nd week thereafter. Prednisolone was tapered off after 3 weeks and 
completely discontinued after another 6 weeks. Apart from supportive dexa-
methasone administered shortly before each dose of daratumumab, no further 
immunosuppressant therapy was continued. After 16 weeks of daratumumab 
treatment the peak inhibitor titer of 2653 BU/ml decreased to 50 BU/ml. No 
infusion-related reaction and no infection was observed.
Conclusion  The subcutaneous administration of daratumumab, in combina-
tion with hemostatic treatment using emicizumab, was a well-tolerated and 
efficacious option for the reported elderly patient with AHA. However, clinical 
studies are necessary to develop and assess a safe and effective treatment reg-
imen using daratumumab as a treatment option for vulnerable patients with 
AHA.
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Introduction  According to national and international guidelines in women 
with 1) a previous history of venous thromboembolism (VTE) or 2) a family 
history of VTE a risk adapted VTE prophylaxis is recommended.
Method  The course of 474 pregnancies in 413 women with a history of VTE 
(n = 357 pregnancies) or a positive family history of VTE (n = 111 pregnancies) 
referred to our outpatient departments were prospectively followed with re-
spect to the study endpoint “recurrent VTE”. Starting in the first trimester 
women with a previous VTE received risk-adapted LMWH alone (n = 298) or 
LMWH in combination with ASS (n = 59). Women without a previous VTE and 
a positive family history received LMWH prophylaxis postpartum only (6-8 
weeks of duration).
Results  Overall, recurrent VTE occurred in 15 women (3.16 %): two events 
were observed in women without LMWH (2/111: 1.8 %) and 12 cases occurred 
in the cohort of 298 women with LMWH and a prior thrombotic event (4.02 %). 
No recurrence was observed in women with LMWH in combination with ASS. 
Logistic regression adjusted for the number of individual pregnancies, age at 
present pregnancy, presence of known thrombophilia and performed throm-
boprophylaxis (yes or no) revealed that the number of pregnancies (OR/95 % 
CI: 1.4/1.04-1.94) and younger age at pregnancy (OR/95 % CI: 0.85/0.75-0.97) 
predict recurrent VTE during follow-up. Off note, abortions in the first and 
second trimester were reported in 7 women with no influence on the study 
endpoint. No adverse bleedings were observed during LMWH or LMWH plus 
ASS therapy.
ConclusionIn conclusion, in the present prospective cohort study in women 
suffering from 1) a previous VTE prior to the present pregnancy or 2) a positive 
familiy history of VTE the guided VTE prophylaxis according to present nation-

al and international recommendations is safe with a low rethrombosis rate 
during administration.
Conflict of Interest  No

T-13-11  Long-term outcome in patients with 
acquired von-Willebrand-disease receiving ECMO or 
LVAD implants: a comparative cohort study
Authors  T. P. Bajorat1, R. Beck1, B. Panholzer2, D. Juhl4, A. Kowalski2,  
B. Zieger3, U. Nowak-Göttl1

Institutes  1  Univ.-Hospital Schleswig-Holstein, Institute of Clinical 
Chemistry, 24105, Germany; 2  Univ.-Hospital Schleswig-Holstein, Dept. of 
Cardiovascular Surgery, 24105, Germany; 3  Medical Center-University of 
Freiburg, Faculty of Medicine, Division of Pediatric Hematology/Oncology, 
Department of Pediatrics, 79110, Germany; 4  Univ.-Hospital Schle-
swig-Holstein, Institute of Blood Transfusion, 24105, Germany
DOI  10.1055/s-0044-1779198
Introduction  Approximately 100 % of patients necessitating ECMO or LVAD 
conduits develop acquired von-Willebrand-disease (aVWD) during the fol-
low-up, with only a small proportion presented with clinically relevant bleeding. 
The aim of the present cohort study of consecutively enrolled patients admit-
ted to the cardiac surgery department was to collect demographic, medical 
and laboratory data possibly associated with i) development of clinically rele-
vant bleeding and/or ii) death during a 12-months follow-up.
Method  We performed a comparative cohort study.
Results  507 consecutive Caucasian patients following ECMO (n = 338) or LVAD 
(n = 169) implantation aged 18-89 years (male 80 %) were enrolled and followed 
over a period of 12 months. When compared ECMO versus LVAD patients 1) at 
the time of device implantation ECMO patients showed significantly elevated 
liver enzymes (p < 0.001), lower number of platelets (p = 0.03), prolonged aPTT- 
(p < 0.001) and PT (p = 0.01) values. In contrast, hemoglobin concentration, 
creatinine and fibrinogen values were similar in both groups. Lethal outcome 
2)within 30 days following device implantation was associated with sympto-
matic aVWD (OR/95 %CI: 2.63/1.4-5.0) with LVAD patients less commonly  
affected (OR/95 %CI: 0.55/0.33-0.98). The death rate within 30 days post  
intervention adjusted for gender and liver function revealed that ii) ECMO ver-
sus LVAD implantation (OR/95 %CI: 1.9/1.57-2.38), symptomatic aVWD 
(OR/95 %CI: 2.8/1.5-5.4), the presence of blood group non-0 versus 0 
(OR/95 %CI:1.7/1.06-2.7), and increasing age per year (OR/95 %CI: 1.01/1.002-
1.03) was independenly associated with lethal outcome. The 3) follow-up of 
the surving patients (ECMO n = 86; LVAD n = 51) showed a survival benefit in 
LVAD patients, which however, did not reach statistical significance mainly due 
to limited patient numbers (OR/95 %CI: 0.88/0.70-1.1) (▶Fig. 1).

▶Fig. 1	   Survival 360 days ECMO versus LVAD
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ConclusionIn conclusion, in the present comparative cohort study we found 
more often a clinical relevant bleeding rate in patients receiving ECMO com-
pared with LVAD devices, which was associtated with lethal 30-day outcome. 
Following suviving ECMO and LVAD patients over a 12-months period the sur-
vival benefit of LVAD versus ECMO patients showed a trent but did not reach 
statistical significance. Thus, a multicenter prospective follow-up study should 
be conducted to clarify this issue.
Conflict of Interest  No
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Introduction  Patients with myeloproliferative neoplasms (MN) have the com-
plication in both side of hemostasis – related to bleeding and thrombosis. The 
major goal of therapy is to reduce thrombosis risk, which impacts MN morbid-
ity and mortality. However, in lifelong evaluating quality of life during the dis-
ease course, the bleeding has also important role. Acquired von Willebrand 
disease (AvWD) may result from increased proteolysis together with platelet 
activation, which leads to reduced von Willebrand factor activity (vWFact). 
Holding hemostatic balance in prophylactical management to prevent com-
plications is challenging, and understanding predicting factors valuable for 
physician. Approximately 60 % of patients with MN carry a genetic mutation: 
it’s suggested that in MPN thrombocytosis has a higher risk of bleeding than 
thrombosis, aspirin may exacerbate this risk of bleeding in CALR-mutated es-
sential thrombocythemia (ET) and JAK2 V617F mutation increases risk of 
thrombotic complications. We analyzed our MN patient cohort to lab analysis 
related to hemostasis and genetic testing in order to have better understand-
ing in the patient’s profile [1–3].
Method  Chart review of case records with diagnosis of D47.3, D45 and D47.1 
between years 2016-2022.
Results  During 2016-2022 in total of 145 patients with MN were in regular 
follow-up in two centers in Western Estonia. Patients with essential thrombo-
cythemia (ET) consisted of 35.17 %, with polycythemia vera (PV) of 33,79 % and 
with primary myelofibrosis (PMF) of 31,03 % There where Janus kinase 2 (JAK2), 
calreticulin (CALR), and ASXL1 mutations with frequencies of these mutations 
78,12 %, 0 %, and 0 % in PV; 58 %, 9,67 % and 0 % in ET, and 51,28 %, 7,69 %, and 
5,13 % in PMF detected. In 53 patients the analysis of von Willebrand factor 
antigen (vWFAg), von Willebrand factor activity (vWFact), Factor VIII were 
measured in case of bleeding tendency or before operation and invasive pro-
cedures. In addition, semiautomated von Willebrand factor multimer assay was 
performed and according the test results (loss of high weight multimers). In 21 
from 53 patients (39.6 %) AvWD was diagnosed: 13 from 23 patients with ET, 
in 5 from 14 patients with PMF and in 3 from 12 patients with PV. In all patients 
except two the vWFact/vWFAg ratio was below 0.7 and the multimeric assay 
showed decreased high molecular weight of multimers. In patients with AvWD 
diagnosis 4 were CALR pos and 15 patients had JAK2 positivity. Seven patients 
died during the observation period, 3 of them from thrombosis, 1 from bleed-
ing and 1 from thrombosis together with bleeding related courses
Conclusion  AvWD can be a serious complication in patients with ET, PV and 
PMF. Based on our analysis, in MN patients VWF Ag and vWFact testing during 

the disease cause and also before planned surgical intervention or invasive 
procedures can help to evaluate the balanced hemostasis and to choose the 
proper preventive measures
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Introduction  Immune thrombocytopenia (ITP) is associated with bleeding but 
also increased thrombotic risk. Data on the role of imbalanced fibrinolysis in 
ITP patients are limited. We observed prolonged plasma clot lysis (CLT) in our 
primary ITP patient cohort, suggesting impaired fibrinolysis as a potential con-
tributor to thrombotic risk (Schramm et al. 2021). This study investigates plas-
min generation (PG) as the central protease of fibrinolysis, and fibrinolysis 
parameters in a large and well characterized cohort of adult primary ITP pa-
tients and healthy controls (HC).
Method  Patients from the Vienna ITP biobank (EC 1843/2016) and age- and 
sex-matched HC (EC 039/2006) were studied. Plasma clot formation and lysis 
and PG were measured using ex vivo kinetic turbidimetric and fluorogenic 
methods, respectively (Miszta et al. 2021). Fibrinolysis factors including plas-
minogen activator inhibitor 1 (PAI1) antigen, alpha2-antiplasmin activity, tis-
sue-plasminogen activator (tPA) antigen and activity, tPA-PAI1 complex levels 
and thrombin activatable fibrinolysis inhibitor (TAFI) antigen were measured 
by ELISA. D-dimer, antithrombin, and plasminogen antigen levels were assessed 
via bead-based flow cytometry immunoassays.
Results  Eighty-six primary ITP patients and 78 HC were compared (▶Fig. 1). 
After adjustment for sex, age, BMI, and fibrinogen, ITP patients had a prolonged 
PG lag time compared to HC (▶Fig. 2). No difference in total PG or other assay 
parameters between the two groups was observed. Compared to HC, ITP pa-
tients had higher PAI-1, lower tPA antigen and activity, but no difference in the 
other fibrinolysis parameters (▶Fig. 2).
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In ITP, no PG parameters were associated with CLT, but levels of tPA-PAI1 complex 
(r = 0.275, p = 0.010), antithrombin (r = 0.244, p = 0.024), and plasminogen 
(r = 0.247, p = 0.022) correlated weakly with CLT. Multiple linear regression showed 
a positive association of tPA-PAI1 complex with CLT (β = 0.241, 95 % CI 0.147-1.627, 
p = 0.019). Bleeding severity weakly correlated with antithrombin (r = 0.233, 
p = 0.031) and TAFI (r = 0.253, p = 0.019). Neither PG parameters, fibrinolysis pa-
rameters, nor CLT correlated with thrombosis history. During a median (IQR) ob-
servation period of 68 (52-74) months, 6 patients (7.1 %) developed thrombotic 
events (3 cases of venous and 3 cases of arterial thromboembolism). Thrombosis 
development positively correlated with tPA-PAI1 complex levels (η2 = 0.306, 
p = 0.004) only. Additionally reflected through higher median (IQR) tPA-PAI1 com-
plex levels in thrombosis patients (11.5 (8.9-17.1) ng/mL) compared to those 
without thrombosis development (5.6 (2.8-8.6) ng/mL, p = 0.033) [1–2].
Conclusion  In addition to our previous findings of impaired clot lysis, adult 
primary ITP patients also have a prolonged PG lag time. The level of tPA-PAI1 
complex, reflecting a prothrombotic state, was associated with delayed clot 
lysis and future thrombosis in ITP patients, whereas PG was not.
Conflict of Interest  No conflict of interest.

▶Fig. 1	   Baseline demographic data and laboratory data of prima-
ry ITP patients (n = 86) and healthy co

▶Fig. 2	   Plasmin generation and fibrinolysis parameters in primary 
ITP patients (n = 86) compared to h
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Introduction  Cleavage of fibrinogen in the Bβ chain (at Lys53-Lys54) and at 
several sites in the AαC region by FSAP altered fibrin clot structure and functions 
in plasma, leading to enhanced tPA-triggered lysis [1]. Clots revealed a less 
coarse fibrin network with thinner fibers and a smaller pore size, considered to 
improve resistance to lysis. Since a direct activation of fibrinolytic enzymes by 
FSAP could be excluded, the true mechanism behind the profibrinolytic activ-
ity of FSAP remains unsolved. We extended our studies to pre-formed fibrin 
and plasma clots, excluding FSAP-related structural alterations during clot 
formation, to investigate if FSAP also modulates preformed fibrin clots to  
accelerate tPA-driven lysis. Whether FSAP might be of interest as a thrombol-
ysis-promoting agent was of particular interest.
Method  In an ELISA- or ELISA/activity-based assay setups on immobilized fibrin 
in a MTP, plasminogen binding and plasmin generation by tPA were studied  
as function of FSAP and TAFI. In laser scanning microscopy of a plasma clot 
generated in Ibidi µ-slides the velocity of tPA-driven clot lysis was investigated 
as function of exogenous and endogenous FSAP. The influence of FSAP and/or 
TAFI on fibrinolysis was also studied in clot lysis time (CLT) assays.
Results  Clotting plasma in histone-coated µ-slide channel resulted in activa-
tion of endogenous proFSAP and accelerated tPA-triggered lysis, not seen in 
the presence of an FSAP-inhibitory antibody. Likewise, also exogenous FSAP 
promoted lysis, if added simultaneously with tPA. Apparently, FSAP interaction 
with the fibrin mesh facilitated clot lysis. Treatment of immobilized fibrin with 
increasing concentration of FSAP lead to enhanced plasminogen binding and 
shortened tPA-driven plasmin generation time (PGT). Activated TAFI (TAFIa), 
which removes C-terminal Lys residues (plasminogen binding sites) from fibrin, 
prolonged PGT and caused a 50 % delayed CLT in the absence of FSAP. FSAP 
accelerated PGT and enhanced tPA-driven lysis of a fibrin clot. This stimulating 
effect on lysis was completely reversed by TAFIa, but not TAFI precursor or in-
activated TAFIa.
Conclusion  Cleavage of fibrin(ogen) by FSAP generates new C-terminal Lys-res-
idues, facilitating plasminogen binding and tPA-driven lysis. New C-terminal 
Lys residues are present on fragment Bβ1-53, released from the Bβ chain by 
FSAP [1, 2]. Presumably, also in the AαC region, sensitive to proteolytic cleav-
age, FSAP generates new C-terminal Lys-residues, although such sites need to 
be confirmed experimentally. Whether removal of an α2-antiplasmin covalent 
binding site in fibrin (cross-linked by FXIIIa to Lys303) or other non-covalent 
binding sites in the αC region contribute to enhanced fibrinolysis by FSAP is 
under investigation. Overall, FSAP not only modulates fibrinogen, but also fibrin 
to facilitate clot lysis. This opens the potential as a novel pharmacological agent 
to support established thrombolytic agents like tPA, as recently seen in a mouse 
stroke model [3].
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Introduction  The fibrinolytic system is crucial for clot lysis during wound healing. 
Clot lysis is initiated by tissue plasminogen activator (tPA) and urokinase plasmino-
gen activator (uPA), which convert plasminogen into plasmin. TPA-mediated plas-
minogen activation requires binding to fibrin, while uPA activates plasminogen 
independently of fibrin. Both plasminogen activators are inhibited by plasminogen 
activator inhibitor-1 (PAI-1), although, fibrin-bound tPA is protected from PAI-1. 
As inadequate regulation of fibrinolysis might lead to thrombotic and bleeding 
events, there is a clinical need for tools that estimate a patient’s fibrinolytic state. 
We developed anti-fibrin-uPA (aFn-uPA), a construct containing uPA, linked to a 
nanobody directed against fibrin, to support binding of uPA to fibrin, and to in-
crease effectiveness of plasminogen activation. The aim of this study is to increase 
the sensitivity of the calibrated, automated PG assay for detection of (anti-)PAI-1 
effects in human plasma.
Method  PG in normal pooled plasma (NPP) or factor deficient plasma was 
measured by cleavage of a plasmin-specific fluorogenic substrate, using a cal-
ibrated, automated method. In brief, fibrinolysis was started by combining 
plasma and trigger solution in a 96-well plate. The trigger solution consists of 
tissue factor (TF) or Russell's viper venom-factor X activator (RVV-X), phospho-
lipids, and tPA or aFn-uPA. PG was measured with a fluorometer (Fluoroscan 
Ascent, Thrombinoscope, Maastricht, The Netherlands). PG parameters ex-
tracted from the data were lag time, time to peak (ttPeak), endogenous plasmin 
potential (EPP) and peak.
Results  High TF, RVV-X, tPA and aFn-uPA were associated with a shorter PG lag 
time and a shorter PG ttPeak, compared to lower trigger concentrations. For 
subsequent experiments, 5 pM TF or 10-5 RVV-X, and 1.25 µg/mL (17.8 nM) tPA 
or 1 µg/mL (21 nM) aFn-uPA, were selected as optimal. The assay was specific 
for plasmin as no PG was observed in plasminogen- nor fibrinogen-deficient 
plasma. The sensitivity of the PG assay to PAI-1 was higher in PG triggered with 
the novel plasminogen activator aFn-uPA, compared to tPA, regardless of the 
affinity of both activators for fibrin. PAI-1 dose-dependently increased the lag 
time and ttPeak, and reduced the EPP and peak in PG stimulated with aFn-uPA 
in both NPP and PAI-1-deficient plasma. Using an anti-PAI-1-Ab, the inhibition 
obtained upon 2 µg/mL (46.5 nM) PAI-1, was reduced or completely abolished, 
depending on the concentration of anti-PAI-1-Ab (▶Fig. 1).

▶Fig. 1	 PAI-1-induced Inhibition of Plasmin Generation (PG) Is 
Abolished by Anti-PAI-1-Ab. Normal pooled plasma, treated with 
46.5 nM (2 µg/mL) PAI-1 was incubated (5 min, room temperature) 
with a range of anti-PAI-1-Ab concentrations, as indicated. PG in-
duced by tissue factor (TF) and tPA (A) or aFn-uPA (B), was measured 
using the calibrated, automated PG assay.

Conclusion  Overall, the calibrated, automated PG assay, in particular when 
aFn-uPa is used as trigger for fibrinolysis, is a specific and efficient tool to meas-
ure PG in human plasma, and is sensitive to the therapeutic target PAI-1. This 
tool may help identify abnormal fibrinolytic states in bleeding and thrombotic 
disorders.
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Introduction  Thrombelastography (TE) is a standard lab test which measures 
coagulation parameters in whole blood samples in real time [1, 2]. The method 
serves as a useful point-of-care test to diagnose and manage patients with 
coagulation disorders [3]. The advantage of TE is the rapid overview of all phas-
es of coagulation and fibrinolysis [4]. However, this method is limited by the 
need for immediate testing and difficulty in dissecting the exact mechanism of 
the dysregulation.
The aim of the study is to modify the method to enable assessment of specific 
aspects of coagulation, even retrospectively. In particular, it was investigated 
whether thrombelastographic studies can be performed using spike-in exper-
iments from frozen plasma samples to measure fibrinolysis parameters (max-
imum of lysis, lysis time).
Method  Frozen platelet poor plasma (PPP) samples were spiked in plasma-de-
pleted blood samples. Both whole blood and spike-in samples were examined 
using TE. After establishing this method, plasma samples from 20 healthy do-
nors and 35 patients with hypo- (COVID-19, sepsis, occlusion disease) or hy-
perfibrinolysis (bleeding) were analysed. Additionally, lysis time of plasma from 
pathological samples was determined in a photometric assay (lysis timer). 
Furthermore, supplementary investigations to determine plasminogen activa-
tor inhibitor-1 (PAI-1), tissue plasminogen activator and plasmin-alpha-2-an-
tiplasmin complex in plasma were conducted.
Results  Spike-in with healthy PPP samples and untreated whole blood samples 
correlate in maximum lysis in Ex-test (p < 0.0001; r = 0.8240) and in lysis time 
in TPA-test (p = 0.004; r = 0.6035), which confirms the feasibility of testing the 
fibrinolysis system using the spike-in approach in TE.
Especially, there was a statistically significant increase in lysis time of whole 
blood clots, as measured by the TPA-test, in spike-in samples with plasma from 
patients with hypofibrinolysis compared to healthy donors (lysis time in TPA-
test: 222.2 ± 45.2 seconds vs. 166.7 ± 8.4 seconds, respectively p < 0.0001).
Interestingly, the lysis timer confirmed the hypofibrinolytic activity in patients 
plasma (lysis time in lysis timer: 67.9 ± 18.6 minutes vs. 40.9 ± 6.2 minutes, 
p < 0.0001). Most importantly, we observed that certain hypofibrinolytic sam-
ples have increased PAI-1 activity.
Conclusion  The modified method is promising for diagnosing hypofibrinolysis 
retrospectively, especially in laboratories with no immediate access to thrombe-
lastography. Our data suggest that a plasmatic factor might be responsible for 
the hypofibrinolytic activity, most likely PAI-1.
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Introduction  Sepsis- induced coagulopathy (SIC) is a serious complication in 
patients with sepsis and septic shock. In an observational survay conducted in 
japan 29 percent of patients treated for sepsis developed SIC.
Systemic inflammation due to host invasion by pathogens is responsible for 
systemic coagulation activation.SIC is part of a host defence mechanism , lead-
ing to a inbalance in clot generation and fibrinolysis. Diffuse activation of en-
dothelium by proinflammatory cytokines, leucocytes and other proteins create 
a prothrombotic state with excessive thrombin generation, resulting in an in-
soluble fibrin network, microvascular thrombosis and multiple organ dysfunc-
tion. Concomitantly, fibrinolysis can be impaired by increased production and 
activation of inhibitors such as PAI-1 and TAFI, as well as reduced t- PA.
Method  A 66-year-old female patient was admitted to the emergency room 
with fever, chills and pain in her right arm after an insect bite. After hospitali-
zation, the patient developed fulminant septic shock with severe ARDS, high-
dose vasopressor therapy and multiorgan dysfunction. CT scan showed soft 
tissue infection of the right axilla and upper arm. To monitor SIC, we performed 
daily standard coagulation tests. In addition, we performed viscoelastic tests 
including TPA test to monitor fibrinolysis.
Results  We treated with local debridement, fasciectomy, penicillin G and clin-
damycin for confirmed Streptococcus pyogenes infection, as well as guideline- 
based supportive sepsis therapy. Additionally we used antithrombin concen-
trate and low-dose heparin to treat the accompanying SIC and lysis resistance 
with a target range for antithrombin of 70 to 80 percent. Platelet count, an-
tithrombin and Quick were significantly decreased, while D-dimer and aPTT 
were increased. Platelet count fell to a minimum of 19 gpt/l. If the patient was 
in an overall prothrombotic state, we refrained from platelet transfusion if there 
was no clinical bleeding and resistance to lysis. Lysis resistance persisted for a 
total of 5 days. On day 5, the platelet counts increased spontaneously and 
antithrombin no longer needed to be substituted. Quick value normalized, the 
D-dimers decreased. The patient stabilized clinically [1–5].
Conclusion  SIC represents a serious complication of sepsis and septic shock. 
Some of these patients develop resistance to fibrinolysis. Limited data suggest 
resistance of fibrinolysis correlates with higher markers of cellular damage, 
higher severity score and worse outcome. The treatment of fibrinolysis resist-
ance is still unclear. In addition to causal and supportive sepsis therapy, patho-
physiological considerations discuss a continuous low-dose administration of 
rt-PA. The ClotPro TPA test represents a way to monitor fibrinolysis resistance 
in critically ill patients bedside. More studies are needed to investigate moni-
toring and treatment of fibrinolysis resistance in critically ill patients.
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Introduction  Portal vein thrombosis (PVT) is the uncommon complication 
following hepatectomy, and there is ongoing debate regarding its incidence 
and associated risk factors. This study aimed to investigate the incidence and 
identify potential risk factor of PVT in patients undergoing hepatectomy.
Method  This was a single center, retrospective cohort study, conducted at a 
university-based hospital in Thailand. The study included consecutive patients 
aged 18 years or older scheduled to undergo hepatectomy. Exclusion criteria 
encompassed patients with pre-existing PVT, those on anticoagulants for any 
reason, and individuals lacking postoperative CT abdomen scans. Data collect-
ed included demographic information, ASA classification, surgical diagnosis, 
presence of cirrhosis, type of surgery, vascular resection, baseline laboratory 
results, and transfusion history. PVT diagnosis was confirmed via CT abdomen 
scans.
Results  A total of 874 patients were included with the mean (SD) age of 56.6 
(11.4) years, and 62.6 % were male. Hepatocellular carcinoma and cholangio-
carcinoma accounted for 74.8 % of cases. The incidence of PVT was 4.8 % (95 %CI 
3.58-6.44). Multivariable analysis revealed that patients with presurgical serum 
albumin level < 4 mg/dL (OR 2.8, 95 %CI 1.1-4.4, P = 0.001) and those who had 
vascular resection (OR 5.12, 95 %CI 2.00-13.06) were at increased risk of  
developing postoperative PVT.
Conclusion  In the context of hepatectomy, PVT remains relatively uncommon. 
Low serum albumin levels and the performance of vascular resection emerged 
as significant risk factors associated with the development of postoperative 
PVT.
Conflict of Interest  I have no conflict of interest.
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Introduction  The impaired production and disbalance of clotting factors are 
present in patients with end-stage liver disease (ESLD), candidates for liver 
transplant (LT) surgery, which lead to perioperative complications, either bleed-
ing or hypercoagulability with a risk of thrombosis. Close monitoring with the 
standard coagulation tests (SCT) (PT, aPTT, Fibrinogen, INR) is not enough for 
the majority of patients. These SCTs may not detect factors affecting firm clot 
formation after initial thrombin generation, or factors contributing to clot 
strength. The viscoelastic coagulation point of care (POC) devices such as TEM 
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or TEG, despite allowing us individual approaches for treating our patients still 
have some „blind spots“ like the functional values of FXIII. In selective cases 
with continuous bleeding, despite normal SLT measured, we found, especially 
postoperatively low values of FXIII persisting for more days than anticipated. 
This can also influence prolonged recovery, longer intensive care unit stays, 
additional transfusion therapy, and possible infections.
Method  In the postoperative period after LT surgery, we measure not only SLT, 
but we perform viscoelastic POC coagulation tests. We also measure the spe-
cific factors' activity, especially for patients with coagulopathy or unexplainable 
bleeding. This allows us a clearer picture of any coagulation abnormality and 
treatment needed.
Results  We compare the recovery of FV (surrogate of liver function) with FX-
III after liver transplant surgery measuring both factors on a daily basis. We 
realize that there is a relevant difference as FV produced from the new liver 
reaches normal values 36 to 48 hours after surgery on average. For FXIII we 
found that this period is prolonged to 5 days in selective patients (▶Fig. 1).

Conclusion  According to available data in the literature, acceptable levels of 
FXIII for adequate clotting is either 30 or ≥ 60 % (still debatable) and the same 
values were found as the cut-off level in different guidelines for the correction 
of bleeding patients. We recommend measuring FXIII activity at different time 
points after LT surgery. Our goal level in this sensitive period is to reach more 
than 60 % of activity. More patients are required to strengthen the quality and 
clinical importance of our results.
Conflict of Interest  None
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▶Fig. 1	   Dynamics of factor V and XIII in postoperative period after 
LT

Introduction  In the perioperative context, there is an unmet need for a rapid 
and accurate method to exclude clinically significant levels of DOACs in plasma. 
The DOAC Dipstick is a test strip designed to detect qualitatively direct oral 
factor Xa (FXA) or direct oral factor IIa (FIIa) inhibitors in urine.
Method  Citrated plasma and urine were collected from 47 patients treated 
with apixaban (n = 33) and rivaroxaban (n = 14) who interrupted their treatment 
1 day before a low-bleeding-risk and 3 days before a high-bleeding-risk sched-
uled surgical procedure. Plasma and urine concentrations of DOACs were quan-
tified by ultra-high-performance liquid chromatography coupled to tandem 
mass spectrometry (UHPLC-MS/MS). These results were compared to the DOAC 
Dipstick results with plasma cut-offs set at ≥ 30 ng/mL and ≥ 50 ng/mL. FXA 
pads of DOAC Dipstick were evaluated visually as positive or negative (DOACs 
present or absent) [1].
Results  The relation between plasma and urine concentrations of DOACs 
measured by UHPLC-MS/MS was high and depicted by the following equation: 
y = 16.80x-21.38 (R2 = 0.83, r = 0.91). Mean drug concentrations of paired plas-
ma samples of positive pads were 48.2 ng/mL [27.6–68.7] (95 % confidence 
interval), and 6.1 ng/mL [3.8–8.4] for negative pads. At the cut-off plasma 
value of ≥ 30 ng/mL, the DOAC Dipstick exhibited a sensitivity of 100.0 % [73.5–
100.0], a specificity of 71.4 % [53.7–85.4], a positive predictive value (PPV) of 
38.2 % [26.8–51.1], a negative predictive value (NPV) of 100.0 % [86.3–100.0] 
and an accuracy of 75.7 % [61.0–87.0]. At ≥ 50 ng/mL threshold, the values 
were: sensitivity 100.0 % [63.1–100.0], specificity 64.1 % [47.2–78.8], PPV 7.9 % 
[5.4–11.6], NPV 100.0 % [86.3–100.0] and accuracy 65.2 % [49.9–78.5]. The 
area under the receiver operating characteristic curve was 0.92 [0.81–1.0] 
(▶Fig. 1).

Conclusion  The DOAC Dipstick is a simple, rapid method of delivering DOACs 
results using patient urine. Advantages of the method are that it does not re-
quire knowledge of the specific DOAC taken by the patient, is a point-of-care 
format, and has a rapid turnaround time, thereby enabling use even in small 
facilities such as community hospitals. This test excludes clinically relevant 
blood concentrations of DOACs.
Conflict of Interest  AT conducted the clinical trial at NorthShore University 
Medical Center; JHis the general manager and founder of the company produc-
ing the DOAC Dipstick (Doasense GmbH, Heidelberg, Germany); JD is CEO and 
founder of QUALIblood s.a. and reports personal fees and honorarium from 
Daiichi-Sankyo, Diagnostica Stago, DOASense, Gedeon Richter, Mithra Phar-
maceuticals, Norgine, Portola, Roche and Roche Diagnostics. The other authors 
do not have to report conflict of interest.

▶Fig. 1	 Receiver operating characteristic (ROC) curve; depicting 
the comparison between DOAC Dipstick results in urine and DOACs 
determination by UHPLC-MS/MS in plasma. AUC: area under the 
curve 95 % CI: 95 % confidence interval P: P value
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T-16. Haemostasis in women
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Introduction  Pregnancy is a well-known trigger of acute thrombotic throm-
bocytopenic purpura (TTP) [1]. Management of pregnancy-associated immune 
TTP (iTTP) is challenging, especially when it is refractory to standard treatment 
[2]. Caplacizumab, an anti-VWF nanobody, is a valuable new therapeutic option 
but is not approved in pregnancy and breastfeeding. We report the successful 
off-label administration of caplacizumab during pregnancy and delivery in a 
patient with refractory iTTP.
Method  We report a 27-year old woman with iTTP with severe ADAMTS13 
deficiency and a high-titre ADAMTS13-inhibitory autoantibody. iTTP relapsed dur-
ing her advanced pregnancy and eventually was refractory to standard treatment 
including plasma exchange (PE), glucocorticoids and rituximab. Additional capla-
cizumab was therefore administered and was maintained throughout the cesarean 
section. In order to prevent hemorrhage, VWF was substituted before and during 
delivery tailored to maintain a VWF activity of 30 %.
Results  The patient presented with acute recurrent iTTP in her 25th week of 
gestation. Standard treatment including daily PE, high-dose glucocorticoids, 
and anti-CD20 therapy with rituximab achieved only transient clinical remission 
while severe ADAMTS13 deficiency and ADAMTS13-inhibitor persisted (▶Fig. 
1a). In her 32nd week of gestation she experienced her third iTTP relapse with 
persistent thrombocytopenia < 20 G/l. Additional onset of uterine contractions, 
signs of pre-eclampsia and deterioration of foetal growth required urgent de-
livery. After the patient’s informed consent, additional daily off label-therapy 
with caplacizumab was initiated and resulted in a rapid increase of the platelet 
count within 2 days (▶Fig. 1b). To allow for a safe caesarean section despite a 
severe caplacizumab-induced functional defect of VWF, a tailored approach 
was planned: on the day of section PE was performed immediately before delivery 
and caplacizumab was withheld. VWF substitution pre- and post-section was tai-
lored to restore a VWF activity of 30 % (▶Fig 1c). Thereby, blood loss was limited 
to 700 ml, and no thrombotic or bleeding complications occurred in both mother 
and child. Daily caplacizumab was continued postpartum, PE was discontinued 
when the platelet count normalized and glucocorticoids were tapered. However, 
severe ADAMTS13 deficiency and ADAMTS13 inhibitor persisted.

Conclusion  The observed favourable outcome without significant thrombot-
ic or hemorrhagic complications indicates that caplacizumab could be an effective 
and safe treatment option in pregnant patients with refractory iTTP. Additionally, 
our observation suggests that caplacizumab may be a treatment option in pregnant 
patients with refractory iTTP requiring urgent delivery when combined with a VWF 
substitution which is precisely tailored and closely monitored.
Conflict of Interest  The authors have no competing interests.
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Introduction  Thrombotic thrombocytopenic purpura (TTP) is a rare, 
life-threatening thrombotic disorder marked by microvascular platelet clump-
ing, leading to low platelet count, hemolytic anemia, and various systemic 
complications. TTP can be either acquired (immune) or congenital (hereditary, 
also known as Upshaw-Schulman syndrome), the latter arising from mutations 
in the ADAMTS13 gene. Deficient ADAMTS13 activity results in abnormal von 
Willebrand factor (vWF) multimers, leading to platelet thrombus formation 
and TTP symptoms [1, 2].

▶Fig. 1	   Safe and effective use of caplacizumab of refractory iTTP 
during pregnancy and delivery
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Method
Case Report
A 26-year-old woman, previously diagnosed with a heterozygous factor II mu-
tation (Prothrombin G20210A) and negative for antiphospholipid syndrome 
(APS), experienced severe preeclampsia during her first pregnancy in 2021 at 
seven months gestation. Prophylactic anticoagulation with low molecular 
weight heparin (LMWH) was initiated upon confirmation of her pregnancy, 
concerning the risk of thrombosis. We reviewed her anamnesis during her preg-
nancy, she exhibited no risk factors for thrombosis, maintained a normal BMI, 
and had no personal or family history of thrombosis or hematological disorders. 
At 32 weeks, she developed severe anemia, thrombocytopenia (28,000/µL), 
proteinuria, elevated D-dimers, hyperhomocysteinemia, and hypertension. 
Among other differential diagnoses (HELLP, HUS, AFLP, SLE (▶Fig. 1)), TTP was 
suspected and ADAMTS13 activity was measured, revealing levels below 5 %. 
Urgent delivery was conducted at 32 weeks of gestation, followed by plasma 
infusion and corticosteroids. Her baby didn’t have any complications and was 
healthy. Four months postpartum, her ADAMTS13 level was 4.7 %, and dropped 

▶Fig. 1	 Differential diagnosis; We marked “ + ”- if the symptom or 
laboratory marker is common for diagnosis, and “-“ if it is uncom-
mon. We marked both symbols if the presentation of pathology 
could have or could not have these parameters. NR – not reported

to 2.8 % in September 2023 year, despite the inhibitor level being within the 
reference range. Presently, she feels well, apart from anxiety regarding her 
results and occasional fatigue. Physical examination, laboratory parameters, 
and vital signs show no abnormalities, and she is not on any medication.
Results
Discussion
This case underscores the challenge of diagnosis and managing congenital TTP, 
especially during pregnancy. Elevated homocysteine levels and prothrombot-
ic polymorphisms have been associated with TTP, indicating a complex interplay 
of factors [3]. Pregnancy can lead to exacerbation of TTP manifestations, with 
recurring complications observed, LMWH is not effective in preventing TTP 
exacerbation [4]. Limited data on pregnancy outcomes in congenital TTP pa-
tients necessitate further research [5–7].
Conclusion  This case highlights the complexities of diagnosing and managing 
congenital TTP during pregnancy. Ongoing research, precise diagnostics, and 
tailored interventions are crucial. Continued monitoring and genetic analysis 
are essential, with samples sent to The Hereditary Thrombotic Thrombocyto-
penic Purpura Registry for further analysis. Documenting cases and advancing 
research remain pivotal for enhancing TTP management and patient outcomes.
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Introduction  During pregnancy, a physiological shift of prothrombotic and 
antithrombotic factors is preparing the mother-to-be for delivery with the in-
tention to limit blood loss. Among many other well-documented changes, 
d-dimer and fibrinogen rise. However, pathologic pattern changes can lead to 
hypercoagulable states, followed by clinical complications that can include 
venous thromboembolism, placentar thrombosis, gestosis or miscarriage. We 
prospectively analyzed coagulation parameters in a cohort of women with 
known coagulation abnormalities who were counselled during pregnancy in a 
Thrombosis & Hemostasis Clinic. In this ongoing project, we aim to establish 
correlations of these biomarkers of coagulation activation to clinical outcomes 
and to evaluate the impact from heparin interventions. As a first step, we try 
to establish overall patterns of changes, which we report here.
Method  Pregnant women with either venous or arterial thromboembolism, 
thrombophilia, recurrent miscarriage or a strong family history for thrombo-
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embolism are routinely seen in our Thrombosis & Hemostasis Clinic and levels 
of d-dimer (DD), fibrinogen (FIB), prothrombin fragments (F1 + 2) and fibrin 
monomers (FM) are collected as part of our routine at consultations in preg-
nancy weeks 5-10; 15-18; 25 and 35, with some patients also undergoing a 
clinical visit at 6-8 weeks post partum.
Results  Between September 2018–September 2023, 300 pregnancies with 
at least 1 blood sample and a full set of all 4 parameters were identified. Clinical 
abnormalities at referral/baseline included a history of VTE in 51.3 %, stroke/
TIA in 2.0 % and recurrent miscarriage in 13.0 %. The most common thrombo-
philias at baseline were factor V Leiden mutation (24.1 %; 67 heterozygous, 1 
homozygous), anti-phospholipid antibody syndrome (11.3 %), heterozygous 
prothrombin mutation (6.7 %), protein C deficiency (2.1 %) and protein S defi-
ciency (1.4 %).As indicated in ▶Fig. 1, all 4 parameters of interest demonstrat-
ed significant changes throughout pregnancy. In early pregnancy, at least 80 % 
of samples showed normal values for f 1 + 2 and FM, whereas only 70 % of sam-
ples showed normal values of DD and FIB, both of which also showed the fast-
est and most constant increase during progression of pregnancy (▶Fig. 2). In 
contrast, F1 + 2 and FM did not increase in the first trimester, but F1 + 2 consid-
erably increased from the second to third trimester, whereas FM demonstrated 
peak values in the second trimester and declined again towards the end of 
pregnancy. All 4 parameters rapidly normalized post partum, with DD remain-
ing elevated in approximately 13 %.

Conclusion  Coagulation parameters, including DD, FIB, F1 + 2 and FM, show 
differential patters of changes throughout pregnancy of women with increased 
thrombotic risk. If these differential patterns can be used to predict complica-
tions and unfavourable pregnancy outcomes or to guide pharmacoprophylax-
is remains to be elucidated in our next analyses of a larger cohort.
Conflict of Interest  J.B.-W.: honoraria and research support from Bayer, 
Boehringer Ingelheim, Daiichi Sankyo, Pfizer, Alexion, Norgine, DOASENSE and 
Sanofi. L.T.: honoraria and travel support from Daiichi Sankyo and Bayer. S.M.: 
honoraria from Daiichi Sankyo and Bayer. C.N.: no conflict of interest.

▶Fig. 1	   Proportions of normal and abnormal D-dimer (A), Pro-
thrombin fragment 1 + 2 (B), Fibrinogen (C) and Fibrin monomer (D) 
in pregnant patients according to weeks of pregnancy. Ranges of 
normal are DD < 501 ng/mL; F1 + 2: 63-307 pmol/l; FIB 2-4 g/L; 
FM: < 5 µg/mL
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Introduction  Pro- and anticoagulant mechanisms play an important role dur-
ing gestation to guarantee a successful implantation of the blastocyst, but also 
when it comes to term to avoid haemorrhage [1, 2]. Pregnancy is a state of 
hypercoagulation and platelets underlie certain dynamic changes during preg-
nancy, like a decrease of the platelet count towards the end of pregnancy [3]. 
Previous studies revealed that adherence of maternal platelets to the placental 
villous surface is a common process even in very early stages of gestation, and 
therefore a tightly regulated cross talk between platelets and the placenta 
seems to be of high importance [4].
Pregnancy-specific glycoproteins (PSGs) are the most abundant tropho-
blast-derived proteins in the maternal blood during human pregnancy and 
several studies indicate that PSGs play a critical role in the regulation of the 
immune response and platelet activation [5]. Here, we test the hypothesis 
whether the pregnancy-specific glycoprotein 11 (PSG11) is selectively taken 
up by platelets and whether platelet priming is a crucial process during preg-
nancy.
Method  Platelets were isolated from whole blood samples of either healthy 
pregnant women in the first and third trimester, pregnant women suffering 
from preeclampsia or healthy non-pregnant women. Afterwards, magnetic 
bead-based purified platelet fractions were subjected to proteomics analysis 
as well as to RNA Sequencing in order to elucidate dynamic changes of the 
platelet proteome and transcriptome over the course of gestation and in case 

▶Fig. 2	   Distribution (mean ± SD) of D-dimer (A), Prothrombin 
fragment 1 + 2 (B), Fibrinogen (C) and Fibrin monomer (D) in preg-
nant patients according to weeks of pregnancy. Green areas present 
upper and lower limits of normal
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of preeclampsia. Furthermore, isolated platelets from non-pregnant women 
were incubated with plasma from healthy pregnant women or with recombi-
nant PSG11 and subsequently analysed on protein level, via electron micros-
copy or via impedance aggregometry.
Results  Our proteomics data showed an abundance of PSG11 in platelets from 
pregnant women and an accumulation over the course of pregnancy. Further-
more, we could detect PSG11 in platelets from healthy non-pregnant women 
after incubation with plasma from pregnant women. Interestingly, pre-incu-
bation of isolated platelets with PSG11 hampered the Collagen Type I induced 
platelet aggregation nearly by 50 %compared to controls, whereas the Throm-
bin Receptor Activator Peptide-6 (TRAP6) induced platelet aggregation was 
slightly increased.
Conclusion  Our data suggests that platelets sequester increased concentra-
tions of PSG11 over gestation, which tempts us to speculate that platelet prim-
ing by placenta-derived factors is a common process to adapt maternal plate-
lets to the haemostatic challenges in pregnancy.
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Introduction  Recurrent pregnancy loss (RPL) is defined as 3 miscarriages be-
fore 20 weeks of gestation and affects about 3-5 % of all women at reproductive 
age. Etiology is multifaceted including age, anatomical aberrations and infec-
tious disease.
Thromboembolism of the placental vasculature is also considered as an etio-
logical factor for RPL. Whereas RPL was indeed found to be associated with 
antiphospholipid syndrome, no other thrombophilic risk markers were reliably 
associated with abortions. Moreover, the use of heparin or acetylsalicylic acid 
wasn’t found to increase the rate of live births questioning the association of 
RPL with thrombophilic risk. Prevalence data of placental thromboembolisms 
in the setting of RPL are scarce. Histological examination of placenta tissue 
following curettage after an abortion might represent an attractive strategy 
to confirm placental thromboembolism as the etiology of the observed RPL 
and inform treatment.
Method  1400 female patients aged 18 to 45 years that presented to the de-
partment of hemostaseology at Goethe University Frankfurt between 2012 
and 2022 for assessment of thrombophilic risk markers were screened by ret-
rospective chart review. All patients gave informed consent. The screening 
process allowed for the identification of 13 patients with histologically con-
firmed placental thromboembolism (PTE) and 29 patients with unrevealing 
placental histology (UPH).
Results  13 out of 42 (30 %) patients with recurring pregnancy loss had histol-
ogy findings consistent with placental thromboembolism.

When comparing PTE patients with UPH patients, there were no obvious dif-
ferences regarding established risk factors for recurrent pregnancy loss such 
as age or abnormal anatomical findings. Restrictively, it must be mentioned 
that a complete risk profile could only be retrieved for a minor fraction of all 
RPL patients from retrospective analysis.
No significant differences were observed for thrombophilic risk markers as well 
as s/p DVT between PTE patients and UPH patients.
Conclusion  To our knowledge, this is the first study to estimate the prevalence 
of placental thromboembolism as a cause for RPL based on histology and pro-
vide an association with risk markers for thrombophilia. PTE was found in 30 % 
of histological specimens arguing for an important role in the etiology of RPL. 
However, no profound association of established thrombophilic risk factors 
with histology-defined placental thromboembolism was observed which might 
help to explain discrepant results reported so far [1–5].
The low amount of histopathological examinations of abort material is the 
major limitation of the study. A prospective study design to ensure adequate 
accrual will determine the generalizability and scientific value of the results 
presented here.
Further analyses will be necessary to determine the predictive value of histo-
logically-defined placental thromboembolism for a successful preganacy and 
as a stratification criterion to select patients that could benefit from anticoag-
ulation.
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Introduction  As a highly functional organ, the placenta shapes the environ-
ment in which the fetus develops, in part through the secretion of autocrine 
and endocrine factors at several stages of gestation [1, 2]. Its key role in the 
synthesis of steroid hormones during pregnancy is essential for a healthy out-
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come [3]. In early pregnancy, the placenta is not yet perfused by maternal blood 
because the spiral arteries, veins, and glands are plugged by trophoblast cells. 
However, these plugs are loosely cohesive, allowing plasma and small particles 
to pass through, resulting in histotrophic feeding of the fetus [4–6]. Our pre-
vious results suggest that maternal platelets are among the small-sized parti-
cles that cross these plugs and can adhere to the syncytiotrophoblast surface 
of the placenta from early gestational stages onwards [2, 7]. In this study, we 
investigate the effects of maternal platelets on trophoblast physiology with 
emphasis on modulation of placental steroid hormone synthesis.
Method  Differentiated BEWO cells were co-incubated with platelets and or 
platelet-released factors from healthy donors. The trophoblast transcriptome 
was analyzed with RNA-sequencing. Protein and mRNA analysis were per-
formed with Western Blot and qPCR respectively. Endocrine analysis of the 
supernatant was conducted by clinical routine assays. Seahorse analysis was 
performed to measure mitochondrial respiration and glycolysis of live cells. 
Steroid sulfatase (STS) was overexpressed in BEWO cells to decipher its effect 
on the steroid hormone synthesis in trophoblasts upon platelet treatment.
Results  RNA sequencing analysis revealed 1462 significantly deregulated 
genes in BeWo cells upon co-incubation with platelets. Genes involved in the 
steroid hormone synthesis were significantly modified compared to control 
conditions. Also, in the supernatant of the cells a significant lower progesterone 
level was detected after co-incubation. Treatment of trophoblasts with plate-
let-released factors altered the mitochondrial membrane potential and oxida-
tive phosphorylation activity. Additionally, STS overexpression affected steroid 
hormone synthesis of trophoblasts.
Conclusion  Activation of maternal platelets at the feto-maternal interface 
alters the trophoblast transcriptome, driving various immunomodulatory re-
sponses. In addition, our data suggest deregulatory effects of activated plate-
lets on the placental mitochondrial activity and steroid hormone synthesis, as 
is known to be affected in pregnancy-related diseases [8]. Thus, maternal 
platelets appear to have a major impact on the placental steroid hormone syn-
thesis already from early stages of pregnancy. However, further studies are 
needed to determine whether maternal platelets and their cargo change in 
pathological pregnancy and whether they contribute to the development of a 
high-risk pregnancy.
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Introduction  During normal pregnancy, the hemostatic balance shifts toward 
hypercoagulability to minimize risk of bleeding during birth. The thrombin 
generation assay (TG assay) captures the entire functional coagulation status 
of plasma and the dynamic processes of thrombin formation. This allows  
the assessment of the balance between procoagulant and anticoagulant  
factors. Therefore, TG assays are considered as global coagulation tests and 
enable more sensitive and comprehensive detection of coagulation deficiencies 
in vivo [1].
For the first time, both automated TG methods ST Genesia®​ and Ceveron®​ were 
used in a study and the insights gained regarding the TG parameters in pregnant 
women with inherited thrombophilia were compared.
Method  Platelet-poor citrated plasma samples of 56 pregnant women with 
thrombophilia were assessed with Ceveron®​ TGA RC Low and with ST Genesia®​ 
ThromboScreen assay.
To analyze thrombin generation depending on the coagulation defect present, 
the patient population was divided into 2 groups: mild and severe thrombo-
philia. The causes of mild thrombophilia include heterozygous prothrombin 
G20210A mutation (n = 6) and heterozygous FV Leiden mutation (n = 22). The 
group of severe thrombophilia includes various hemostaseological disorders, 
such as protein C or S deficiency (n = 10), antithrombin deficiency (n = 5) and 
antiphospholipid syndrome (n = 2). Almost half of the patients in this group 
suffer from combined hereditary thrombophilia (n = 11). Due to the severity of 
thrombophilia the majority of patients (n = 19) were treated with heparin dur-
ing pregnancy in accordance with guidelines [2].
Thrombin generation was assessed in two different time-points during early 
(5-15 weeks) and late (30 – 36 weeks) pregnancy. The wilcoxon rank-sum test 
was used to compare the TG parameters in the different groups.
Results  During the course of pregnancy there was a significant increase in the 
TG parameters ETP [nM.min] and Peak Height [nM] in both groups (data not 
shown). However, it was shown that the changes in ETP and Peak Height were 
similar in pregnant women with mild thrombophilia compared to those with 
severe thrombophilia (▶Fig. 1).

Furthermore, it was investigated whether the device used had an influence on 
the changes in the TG parameters. It could be determined that Δ ETP and Δ Peak 

▶Fig. 1	 Comparison of TG parameters evolution in the different 
groups; Shown are changes in the TG parameters ETP [nM.min] and 
Peak Height [nM] during pregnancy for mild and severe thrombo-
philia. To examine the significance, a Wilcoxon rank-sum test was 
carried out.
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Height were higher with Genesia®​ than with Ceveron®​, but the changes in ETP 
between the two groups was more pronounced with Ceveron®​ (▶Fig. 2).

Conclusion  As expected, there was an increase in TG parameters ETP and Peak 
Height over the course of pregnancy, but the severity of thrombophilia did not 
impact the evolution of these parameters. Since the majority of patients in the 
severe thrombophilia group were on heparin therapy, a heparin effect cannot 
be ruled out with certainty.
Furthermore, the TG analyzer used should be considered when interpreting 
ETP and Peak Height results, as higher variations for both parameters are ob-
served with the ST Genesia®​ compared to the Ceveron®​.
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Introduction  Measurement of emicizumab in the presence of FVIII may be 
required in severe Haemophilia A (HA) patients additionally treated with FVIII 
or in emicizumab prophylaxis in patients with acquired or moderate to mild HA 
[1, 2]. However, the presence of FVIII activity (FVIII:C) may lead to falsely ele-
vated functional emicizumab test results [3]. While pre-analytical heat treat-

▶Fig. 2	 Impact of the analyzer on the evolution of TG parame-
ters; Shown are changes in the TG parameters ETP [nM.min] and 
Peak Height [nM] during pregnancy for mild (blue) and severe (red) 
thrombophilia depending on the used TG analyzer. To examine the 
significance, a Wilcoxon rank-sum test was carried out.

ment of samples appears to be an obvious measure to annihilate interfering 
FVIII:C, also partial inactivation of emicizumab has been described under such 
conditions [3]. Our aim was to address this issue systematically and to evaluate 
an alternative, FVIII-inhibitor-based approach.
Method  Fourteen plasma samples obtained from 12 patients treated with 
emicizumab and having different intrinsic or substituted levels of FVIII:C ( < 1 
to 160 IU/dL) were available for analysis [4]. Emicizumab plasma levels were 
directly assayed by liquid chromatography-tandem mass spectrometry (LC-MS/
MS) and by a functional modified FVIII one-stage clotting assay (mOSA) as 
described elsewhere [4, 5]. Plasma levels of FVIII:C were measured using a chro-
mogenic FVIII assay based on bovine factors (Siemens). For inactivation of 
FVIII:C prior to functional emicizumab analysis, samples were (i) heat-treated 
at 56 °C for 40 minutes or (ii) mixed 1 + 1 with Factor VIII Inhibitor Plasma (Tech-
noclone) and incubated for 30 min at room temperature. In order to address 
the resulting 1:2 dilution of samples, a correspondingly adapted mOSA was 
applied [4]. All analysis was done using an Atellica Coag 360 analyzer (Siemens).
Results  Considering direct quantification of emicizumab by LC-MS/MS as ref-
erence, the presence of FVIII:C led to falsely increased emicizumab plasma 
levels as determined by the functional mOSA (▶Fig. 1). Pre-analytical heat 
treatment clearly diminished mOSA-based emicizumab plasma levels by 
-40.7 % ± 6.8 % (mean ± SD, ▶Fig. 1, ▶Fig. 2a). In contrast, the FVIII-neutrali-
zation assay not only proved to be efficient to extinguish FVIII:C but also yield-
ed emicizumab plasma levels comparable with that determined by LC-MS/MS 
(▶Fig. 1 and ▶Fig. 2b). Interestingly, further analysis revealed significantly 
more pronounced heat instability of intrinsic emicizumab (40 % to 50 % reduc-
tion [mOSA]) when compared to emicizumab spiked into different plasma 
matrices (-6 % to -30 %).

Conclusion  The increasing use of emicizumab in patients with acquired or mild 
to moderate HA, as well as additional substitution of FVIII require a reliable 
strategy for accurate measurement of emicizumab in presence of FVIII:C. While 
heat treatment leads to falsified emicizumab results, the proposed preanalyt-
ical neutralization of FVIII:C by FVIII inhibitors appears to be a feasible strategy 
to address this demand.
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▶Fig. 1	   Characteristics of patient samples and results. Modified 
from [4].
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Introduction  Inherited platelet disorders (IPD) are a group of rare diseases 
caused by mutations in more than 70 genes. Despite advances in molecular 
diagnosis, platelet phenotyping still represents a cornerstone in the diagnostic 
workup of IPD. Immunofluorescence microscopy on the blood smear, combined 
with light microscopy, has been established as a screening tool for IPD and 
validated as sensitive and specific for 9 of the most frequent IPD [1]. A major 
drawback of the method lies in the subjective nature of morphological evalu-
ation. Recent advances in computer vision and artificial intelligence tools offer 
improved performance and increasing accessibility of these technologies even 
for diagnostic laboratories.
Method  Peripheral blood smears from IPD patients and healthy controls were 
stained with 13 primary antibodies against platelet structures (granules, cy-
toskeleton, surface receptors) and 2 fluorescence-labelled secondary antibod-
ies. Immunofluorescence images were taken and processed using a fluores-
cence microscope (Aklides, Medipan) with bioimage analysis and 
machine-learning tools such as CLIJ [2], BaSiC [3], ilastik [4] and KNIME [5].
The expression pattern of platelet markers was assessed in IPD patients  
with respect to controls and eventually compared with the reference reports, 
which had been previously obtained by traditional manual immunofluorescence 
analysis.
Results  We established a standardized process for the semiautomatic acqui-
sition of immunofluorescence images. The process was able to capture  
an image stack of 11 images for 6 fields in less than 40 seconds. The image 
analysis was capable of segmenting platelets and extracting a spectrum  
of parameters (size, circularity, granularity, fluorescence intensity index). An 
exposure algorithm for the optimal use of image depth was also applied.  
Furthermore, artefacts such as bright accumulations of fluorophores were  
automatically rejected by dividing the image into 16 areas and disregarding 
the brightest two of them for auto-exposure.
To validate the approach, we blindly assessed 26 healthy controls and 26 pa-
tients affected with two IPD characterized by already described immunofluo-
rescence pattern based on the absence or reduced expression of a platelet 
surface glycoprotein (GP): GP IbIX in Bernard-Soulier syndrome and GP IIbIIIa 
in Glanzmann thrombasthenia, respectively [1]. The semiautomatic method 
was able to distinguish all patients (26/26) from controls and to identify the 
typical diagnostic fluorescence patterns of the disorders.
Conclusion  Semiautomatic image analysis allows an unbiased and standard-
ized immunofluorescence based diagnostic process for patients with IPD. Im-
plementation of the method for diagnostic screening routine is becoming  
a realistic option.
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Introduction  Laboratory detection of Factor (F)VIII inhibitors is preferentially 
performed with the Nijmegen assay. It requires a 2-hours incubation of test 
sample with the FVIII-source mixture because of slow FVIII inactivation, due to 
its reversible binding to von Willebrand Factor (VWF) delaying inhibitor action.
Extended incubation time results in non-specific FVIII inactivation, that, togeth-
er with complicated liquid handling, may contribute to the considerable vari-
ability (CV: 30–40 %) seen in inter-laboratory surveys. We hypothesize that 
testing in a VWF-free assay matrix using recombinant (r)FVIII can dramatically 
lower incubation time that, together with full automation, will substantially 
improve standardisation.
We aimed to test the precision of a fast, fully automated FVIII inhibitor test 
using VWF-free rFVIII and a dedicated analyser.
Method  As in the original Nijmegen assay, test samples are heated for at least 
30 minutes at 58 °C and centrifuged for 10 minutes to destroy residual FVIII.
The coagulation analyser employed must provide on board ability of three 
subsequent sample dilution steps and three reagent additions. An application 
was defined on a Ceveron s100 (Technoclone), as below.
After loading the heat inactivated samples, sequential automated analytical 
steps occur as follows:
1.	 Predilution with heat inactivated FVIII/VWF deficient plasma (if needed)
2.	 Mixing with rFVIII (1.0 IU/mL)
3.	 Incubation for 20 minutes at 37 °C
4.	 Dilution of incubated samples 1:10 with Imidazole buffer, pH 7.3. and 

analysis for residual rFVIII activity

Results  Five samples and two lyophilized controls, whose inhibitor activities 
with the original Nijmegen assay were between 0 and 40 BU, were analysed. In 
a reproducibility study with three laboratories, the samples and controls were 
assayed twice a day on five independent days. For all samples and controls, 
precision was analysed exhibiting a coefficient of variation of less than 15 % for 
all samples.
Conclusion  Rapid, fully automated FVIII-inhibitor testing can be performed 
with a dedicated coagulation analyser using rFVIII in a VWF-free matrix. Auto-
mation and reduced assay time improve viability and potentially the availabil-
ity of a normally protracted assay, permitting a more rapid and informed clin-
ical response.
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Introduction  Regulation of von Willebrand Factor (VWF) activity by a disinte-
grin and metalloproteinase with a thrombospondin type 1 motif (ADAMTS13) 
is critical for hemostasis by controlling VWF multimer size. Demonstrating the 
ADAMTS13-mediated cleavage of VWF under physiological shear has proven 
difficult. Traditional analytical methods utilize denaturing environments, there-
by poorly replicate the natural vascular environment. This research aimed to 
develop a sensitive methodology to visualize and quantitate VWF proteolysis 
by a recombinant ADAMTS13 (rADAMTS13) drug candidate under arterial shear 
flow in human blood.
Method  A microfluidics-based approach utilizing the BioFlux 1000Z system 
(Fluxion Biosciences) was optimized by: coating channels with 143 μg/ml col-
lagen type I, blood sample preheating, applying 20 dyne/cm2 pulsatile shear, 
relying on inherent VWF levels in donor blood, inputting hematocrit based 
viscosity parameters, and implementing timed protocols. rADAMTS13 was 
added to healthy donor blood at different concentrations and the time course 
of platelet adhesion to immobilized collagen was determined by microscopy 
using fluorescent labeled platelets.
Results  Optimized analytical techniques enabled visualization and quantifica-
tion of VWF proteolysis based on platelet binding under shear flow. Addition 
of 1.875-7.5 U/ml rADAMTS13 to blood reduced the VWF-mediated platelet 
adhesion to collagen in a concentration dependent manner. Repeated testing 
validated the sensitivity. Statistical analysis quantified inter-sample variability.
Conclusion  This research successfully established a powerful methodology 
harnessing microfluidics to gain fundamental insights into rADAMTS13 function 
under physiologically relevant shear flow conditions. Further enhancement of 
the techniques, increased biological sampling, and exploration of collagen 
types could build on these findings.
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Introduction  Hemolysis, caused by e.g. disorders like sickle cell disease, par-
oxysmal nocturnal hemoglobinuria and vascular trauma or by infections and 
injuries, is often characterized by serious conditions and consequences for the 
patients, such as kidney injury or vasoocclusion [1–3]. These clinical concerns 
are mainly attributed to elevated levels of hemoglobin and labile heme from 
premature rupture of red blood cells during intravascular hemolysis. Diagnosis 
of hemolysis is usually done based on elevated reticulocyte, lactate dehydro-
genase (LDH), and bilirubin levels, as well as reduced haptoglobin plasma con-
centrations [4, 6]. Additionally, urine hemosiderin and urine/blood extracellu-
lar hemoglobin indicate intravascular hemolysis [1]. Although several methods 
are available for the diagnosis and monitoring of hemolytic disorders, only 
hemoglobin is currently considered as a diagnostic marker [5, 7]. However, due 
to the proven inflammation- and thrombosis-triggering effects of heme, quan-
tification of this biomarker should also be considered in clinical settings to 
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achieve a complete picture of the hemolytic state and the treatment strategies 
[7, 8].
Method  The aim of our study was to evaluate the validity and applicability of 
the quantification methods for hemoglobin and heme levels as well as to dif-
ferentiate between hemoglobin-bound heme and labile heme. Indirect and 
direct approaches, including e.g., chromatography, spectroscopy, and mass 
spectrometry as well as enzymatic test systems, were used to determine the 
concentration of heme and hemoglobin as well as mixtures thereof.
Results  A clear distinction between hemoglobin-bound heme and labile heme 
with one method was, however, not possible, suggesting the use of a combined 
approach. With a specific spectroscopic approach and a newly established 
equation we were able to determine both analytes in human plasma samples 
of different hemolytic states.
Conclusion  Our study gives a broader perspective by adding to the knowledge 
about hemoglobin and heme quantification in research and/or clinical diagno-
sis. The implementation of an amalgamated method is an easy-to use technique 
requiring low sample volumes and can thus enable fast detection via spectro-
photometric tools. This would enable monitoring of heme as a biomarker to 
understand the molecular basis of hemolytic disorders in clinical diagnosis.
Conflict of Interest  The authors declare no competing interests.
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Introduction  Thrombotic thrombocytopenic purpura (TTP) is a rare disease 
characterized by thrombocytopenia, microangiopathic hemolytic anemia, 
neurological disorders, renal dysfunction and febrility. TTP occurs due to AD-
AMTS13 (a disintegrin-like and metalloproteinase with thrombospondin type 
1 motif 13) deficiency, which is most often a consequence of anti-ADAMTS13 
autoantibodies development, that cause acquired TTP. The less common con-
genital TTP is caused by mutations in the gene encoding ADAMTS13. The de-
termination of ADAMTS13 activity and anti-ADAMTS13 antibodies is essential 
(required) to differentiate between congenital and acquired TTP or to distin-
guish TTP from other thrombotic microangiopathies. Proper sampling, careful 

handling of samples and sample storage is crucial to avoid loss of in vitro  
ADAMTS13 activity. Therefore, aim of this study was stability evaluation of 
ADAMTS13 activity and anti-ADAMTS13 antibodies after 24-hour sample  
storage at + 4 °C [1–2].
Method  Pilot study included 16 patients with high clinical suspicion or longi-
tudinally monitored TTP, admitted to University Hospital Centre Zagreb in 
February 2023. Blood samples were collected into 3.2 % sodium citrate tubes 
(BD Vacutainer, Becton Dickinson, USA). Upon admission samples were centri-
fuged 30 minutes at 4000 rpm and plasma was aliquoted. Rest of the plasma 
was left on the cells in vacutainer and stored at + 4 °C. After 24-hour storage, 
remaining plasma was aliquoted. All sample aliquots were kept at -80 °C until 
analysis. ADAMTS13 activity was determined using chromogenic ELISA (Tech-
nozym ADAMTS13 activity, Technoclone) in all samples, while anti-ADAMTS13 
antibodies were determined in 11 samples using Technozym ADAMTS13 inh 
ELISA (Technoclone). Wilcoxon test was performed using MedCalc®​ Statistical 
Software version 22.013 (Ostend, Belgium) and P-value < 0.05 was considered 
statistically significant.
Results  For ADAMTS13 activity no statistically significant difference (P = 0.330) 
between plasma samples aliquoted upon admission (median 0.5 kIU/L; range 
0.01 – 1.0 kIU/L) and after 24-hour storage at + 4 °C (median 0.5 kIU/L; range 
0.01 – 1.0 kIU/L) was revealed. In addition, no significant difference (P = 0.575) 
between plasma samples aliquoted upon admission (median 4.7 kU/L; range 
1.7 – 52.7 kU/L) and after 24-hour storage at + 4 °C (median 4.4 kU/L; range 1.9 
– 49.4 kU/L) regarding anti-ADAMTS13 antibodies was observed.
Conclusion  Study indicated that ADAMTS13 activity and anti-ADAMTS13 an-
tibodies can be analysed within 24 hours from venepuncture if samples are 
appropriately handled and stored under the tested conditions. This could be 
important for patients with complex clinical picture and high clinical suspicion 
of TTP, that have previously collected sodium citrate tubes for routine coagu-
lation tests, enabling rapid TTP confirmation and patient treatment initiation, 
while also reducing the need for additional sampling.
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Introduction  The bispecific antibody emicizumab is widely used as a factor 
VIIIa mimetic in the prevention of bleeding in hemophilia A. In certain clinical 
cases, like surgery, trauma or immune tolerance therapy, factor VIII is given on 
top of emicizumab. In such scenario, the assessment of emicizumab and factor 
VIII levels is technically challenging. Latter can be assessed in a two-stage chro-
mogenic assay using bovine coagulation factors, which abolishes emicizumab 
activity. Emicizumab can be assessed after heat inactivation of factor VIII by 
either one-stage or human-protein based two-stage assay.
In clot waveform analysis we utilize the different behavior that emicizumab and 
factor VIII show in an aPTT-based one-stage assay. While emicizumab impacts 
the lag-time of the assay more than the reaction velocity, it is the other way 
around for factor VIII. With this opposing behavior it should be possible to set 
up a system of equations using lag-time and reaction velocity and calculate 
emicizumab and factor VIII levels simultaneously.
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Method  Factor VIII deficient plasma was spiked with various levels of emici-
zumab (0-70 μg/mL) and factor VIII (0.0-1.0 IU/mL) yielding concentrations 
similar for aPTT-based factor VIII assays. aPTT was determine in all samples 
using Synthasil reagent on an ACLTOP analyzer. Clot waveform analysis was 
performed using dedicated software. Results of lag-time and peak of 1st deriv-
ative were used in a system of linear equations to calculate emicizumab and 
factor VIII levels.
Results  Recovery of emicizumab levels showed low coefficients of variation 
between 6 % and 8 % over a wide range of concentrations, but increased signif-
icantly below 10 µg/mL. Variability was higher for factor VIII recovery between 
9 % and 16 %, with higher variability below 0.2 IU/L ( < 40 %). Data transformation 
could be used to improve variability of factor VIII levels but at the price of 
higher variation for emicizumab.
Conclusion  Clot waveform analysis can be used to assess emicizumab and 
factor VIII levels simultaneously in a standard aPTT-based one-stage clotting 
assay. The method shows good recovery for clinical relevant levels of both en-
tities.
No sample manipulation or chromogenic two-stage assay is required. The re-
sults on require optical measurement data from the aPTT assay and dedicated 
software for data analysis. Using an adjusted system of equations for the cal-
culation is likely to reduce variability of the obtained emicizumab and factor 
VIII levels, especially at low concentrations.
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institutional grants for research and studies from Chugai/Roche, Takeda, Zacros, 
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Introduction  The T-TAS®​ (Total Thrombus formation Analysis System) is a 
device for assessing hemostasis in whole blood under physiological flow con-
ditions. Resembling a modified flow chamber principle, it measures the change 
of flow during thrombus formation within micro capillaries in disposable mi-
crochips. The global assays measure different aspects in hemostasis. We deter-
mined the normal ranges of the three available chip types for a typical Europe-
an healthy population and compared the variability between labs.
Method  The T-TAS®​01 (CE marked, FUJIMORI KOGYO Co.) contains an inte-
grated pump and pressure sensor. A blood sample, applied to the respective 
chip, is pumped through the flow path under optimized conditions. Thrombus 
formation begins, when blood reaches the area, coated with either collagen 
only (PL-chip) or collagen plus tissue thromboplastin (AR-/ HD-chip). The pres-
sure change inside the flow path is examined, providing the reaction kinetics 
of the entire thrombus formation process (pressure/time diagram). Derived 
results such as area under the curve (AUC) are computed. 50 samples from 
healthy subjects of both sexes (age range 20 to 80 y) with normal CBC, normal 
VWF and without any medication were enrolled per center (named as L and 
HH). Blood for the PL-chip (platelet function) was collected into BAPA (Ben-
zylsulfonyl-D-Arg-Pro-4-amidinobenzylamide)- vacuum tubes. For the AR- and 
HD-chip (AR: platelet and coagulation interaction, HD: thrombogenicity at low 
platelet counts), one center (HH) collected blood in vacuum tubes (Vacutainer®​
, Becton Dickinson and Co), the other (L) employed the aspiration technique 

(Monovette®​, Sarstedt AG & Co. KG). Samples were tested within < 2 hours with 
the three different chip types. Statistically, Wilcoxon-Mann-Whitney test was 
used, considering p < 0.05 as a statistically significant difference. Analyze-it®​ 
(Analyse-it Software, Ltd., UK) was used as a statistical analysis software.
Results  The data show a very similar ranges for the PL-chip in both centers, 
though with a wider distribution in one center. The PL-AUC mean values (L; 352 
and HH; 364) were not significantly different. The 5-95 % percentiles for 99 
samples for PL-AUC were 260- 424. Similarly, for the HD chip the values of the 
two centers were not statistically different (mean HD-AUC: 1535(L) and 
1565(HH), 5-95 % perc.: 1420- 1622). The AR chip values were statistically 
different between the two centers. AR-AUC mean values were 1262(L) and 
1344(HH), 5-95 % perc.: 908 – 1484 [1–2].
Conclusion  The similar ranges of results in the two centers show that the 
method generates reproducible data for the assessment of haemostasis. Minor 
differences for the AR assay are probably associated to the blood collection 
methods employed. These data may help other centers in interpreting own 
T-TAS®​ data.
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schler, C.Franke, K. Freitag: no conflict of interest. Ohsawa H is an employee of 
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Introduction  The increasing use of DOACs particularly in the USA (Navar, 2022) 
and Europe (Kirchhof P, 2021) increases the complexity for laboratories as more 
samples arriving containing DOAC. This is compounded by often incomplete 
clinical information, including the omission of anticoagulation status or incor-
rect details of anticoagulation type (e.g., LMWH stated when on DOAC).
We had previously investigated DOAC removal agents for use in a modified 
DRVVT testing algorithm (data not shown) and in our experience, the combi-
nation of cost, ease of use (flexible sample volume) and effectiveness at remov-
al of direct IIa and Xa inhibitors made DOAC Stop (Exner et al, 2018) our agent 
of choice.
A series of patients with incomplete clinical information on anticoagulation 
status under investigation for thrombophilia warranted an evaluation of this 
approach when using Xa-based Antithrombin (AT) assays (Van Cott et al, 2020).
Method  Our first line AT assay is IIa based – Berichrom AT (AT-IIa) (Siemens 
UK) and results < 0.91 IU/mL have AT antigen (ATag) (Liatest AT, Stago, UK) to 
subtype type 1 and type 2 AT deficiency. Both assays performed on ACL TOP 
700 (Werfen, UK). Our secondary AT assay is Xa based – Innovance AT (AT-Xa), 
Siemens, UK) on Sysmex CS5100 (Sysmex, UK) is used to elucidate query type 
2 results. Anti Xa assays used Hyphen LRT (Hyphen, UK) on Sysmex CN6000 
(Sysmex, UK) using either LMWH assay as a screen or using drug specific cali-
bration curves.
Results  Patient under investigation (patient 1a) had low AT-IIa 0.83 IU/mL, 
ATag 1.04 IU/mL, with an abnormal AT-IIa/ATag ratio 0.80, suggestive of Type 
II AT deficiency. The AT-Xa was 1.07 IU/mL. This is a pattern of results we have 
typically seen in AT RS defect – Cambridge II. Confirmatory testing (patient 1b) 
showed similar pattern for AT-IIa and ATag (see ▶Fig. 1) with a now low AT-IIa 
0.68 IU/mL. A pattern of results in keeping with HBS defect. On investigation 
(patient 1a) was on Rivaroxaban, post DOAC stop AT-Xa was 0.61 IU/mL.
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A series of AT samples (n = 13) tested with AT-Xa pre (mean 0.79 IU/mL, medi-
an 0.73 IU/mL) and post DOAC Stop (mean 0.78 IU/mL, median 0.68 IU/mL) 
confirm DOAC Stop does affect AT determination, p = 0.952 (graph 1.)
Sourcing other samples (patient 3 & 4) we have had on DOAC and suspected 
of having AT HBS defect showed similar pattern of DOAC interference  
(▶Fig. 1).
Conclusion  The incomplete information on DOAC treatment in patients results 
in significant false normalisation in patients with HBS defects leading to under 
diagnosis of AT deficiency. We adopted an algorithm: any request for AT-Xa is 
screened for Xa inhibitors (against LMWH curve) and samples with detectable 
concentration, > 0.05 IU/mL are pretreated with DOAC stop to ensure accuracy 
of result [1–4] (▶Fig. 2).

More broadly, the increasing use of DOAC in our view necessitates when using 
any Xa based antithrombin assays, to screen for DOAC presence. When detect-
ed, neutralise of the DOAC using appropriate methods prior to testing to ensure 
accuracy of results.
Conflict of Interest  none

▶Fig. 1	 Antithrombin Results pre/post DOAC Stop; Sample 
investigated for antithrombin deficiency. Results from sample tested 
on presentation and post DOAC Stop once the presence of a DOAC 
was established.

▶Fig. 2	 Antithrombin samples tested pre and post DOAC STOP; 
Samples for AT patients pre and post DOAC Stop. Use of DOAC stop 
does not affect AT results.
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Introduction  With the widespread use of direct oral anticoagulants (DOACs), 
there is an urgent need for a rapid assay to exclude clinically relevant plasma 
levels. Some position papers have suggested measuring DOAC levels in patients 
presenting to emergency departments with serious bleeding, acute ischemic 
stroke or when major surgical interventions or other invasive procedures asso-
ciated with high bleeding risk are needed. The levels must be determined by 
liquid chromatography tandem mass spectrometry (LC-MS/MS) or with spe-
cialized assays, such as calibrated chromogenic assays or viscoelastic methods. 
Specific threshold blood levels, which vary from ≤ 20 ng/mL to ≤ 100 ng/mL, 
have been proposed to guide medical decision for patients taking dabigatran 
or direct oral factor Xa (FXa) inhibitors. DOAC Dipstick (DOASENSETM, Heidel-
berg, Germany) is a point-of-care test that uses a disposable test strip to detect 
DOACs in urine and to differentiate between dabigatran and direct oral FXa 
inhibitors.
Method  A systematic literature search was performed between 1993 and June 
2023 to identify relevant studies in PubMed (MEDLINE) and Cochrane Library 
databases. Inclusion criteria were the determination of DOACs in urine samples 
of patients with atrial fibrillation and venous thromboembolism with rivarox-
aban, apixaban, edoxaban and dabigatran compared to LC-MS/MS or calibrat-
ed chromogenic assay and reporting a plasma threshold of ≥ 30 ng/mL. Data 
were analyzed by simple pooling to determine DOAC Dipstick’s sensitivity, 
negative predictive value (NPV), positive predictive value (PPV) and specificity. 
Unweighted mean values of these statistics with 95 % confidence intervals (CI) 
were calculated using Stata 17.0 confirmed by SAS version 4.5.
Results  Of 1206 eligible studies, 5 clinical studies were eligible for inclusion in 
the pooled analysis. The sensitivity was > 97 %, (lower 95 % CI > 90 %) for both 
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DOAC classes. The NPV value for the direct oral FXa inhibitors was 86.6 % (95 % 
CI: 76 %– 93.7 %) and for dabigatran > 99 % (95 % CI: 98 % – 100 %). The NPV for 
the DOAC Dipstick was similar to the PPV for factor Xa inhibitors and more 
robust for thrombin inhibitors confirming the primary utility of a negative urine 
DOAC Dipstick pad result is to identify clinically relevant DOAC concentrations 
at a threshold of ≥ 30 ng/mL in the blood.
Conclusion  Pooled analysis of five available studies, comparing DOAC Dipstick 
with LC-MS/MS or DOAC-calibrated chromogenic assays indicates an acceptably 
high negative predictive value for exclusion of DOACs requiring verification of 
a match with the patient's clinical picture. The DOAC Dipstick excludes clinical-
ly relevant blood concentrations of DOACs at a threshold of ≥ 30 ng/mL, which 
may support clinical decision-making in critical medical situations, such as 
excessive bleeding, prior to intravenous thrombolysis, or before urgent surgical 
procedures.
Conflict of Interest  JH: general manager and founder of DOASENSE GmbH, 
Heidelberg, Germany. All other authors do not have to declare a conflict of 
interest.
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Introduction  Myeloproliferative neoplasms (MPN) are clinically heterogeneous 
clonal disorders [1]. Alterations of platelet number or function have been re-
ported in some forms. However, the platelet phenotype in MPN subjects has 
not been systematically assessed so far [2]. Immunofluorescence microscopy 
on the blood smear has been established and validated as a sensitive and spe-
cific screening tool for diverse inherited platelet disorders by recognition of 
specific morphologic alterations [3]. Using this method, we assessed platelet 
phenotypes in a cohort of well-characterized MPN subjects.
Method  Peripheral blood smears were stained with May-Grünwald-Giemsa 
technique and a panel of 13 primary antibodies against many markers of plate-
let structures (granules, cytoskeleton, surface receptors). The slides were then 
assessed with standard light- and immunofluorescence microscopy upon stain-
ing with fluorescent-labelled secondary antibodies. The investigators perform-
ing the morphologic evaluation were blinded for clinical, genotypic and labo-
ratory information regarding the individual patients. Morphologic changes 
were reported and assigned to the specific platelet structure. After uncovering 
patients’ information, we searched for correlations between morphologic 
changes and clinical features.
Results  We investigated 135 adult patients (55 % females) with confirmed 
MPN. The mean age was 63 (range 19 to 89). 45 (34 %) subjects had received a 
diagnosis of polycythaemia vera (PV), 41 (30 %) of essential thrombocythemia 
(ET), and 41 (30 %) of primary myelofibrosis. In 8 (6 %) patients the MPN was 
unclassifiable. In 9 PV- and 10 ET patients the disorder had evolved into a sec-
ondary myelofibrosis.
By immunofluorescence microscopy, we found in 82 (61 %) individuals a reduc-
tion of platelet alpha granule markers (von Willebrand factor, P-selectin, throm-
bospondin). In 98 (73 %) subjects, we observed aggregates consisting of the 
cytoskeletal protein non-muscular myosin IIA (NMMIIA) in erythrocytes, which 
also showed anisopoikilocytosis. The evidence of alpha granule deficiency sig-
nificantly correlated with the initial diagnosis of PV. The presence of red blood 
cell NMMIIA aggregates showed a significant correlation with: i) the presence 

of bone marrow fibrosis; ii) the evolution of the disorder into a secondary my-
elofibrosis regardless the initially diagnosed MPN subtype; and iii) the devel-
opment of splenomegaly. By light microscopy, a significant correlation was 
found between platelet anisocytosis and the diagnosis of ET.
A parallel abstract describes the method to detect NMMIIA aggregates in erythro-
cytes by flow cytometry.
Conclusion  Morphological changes of platelets and red blood cells suggesting 
an MPN, and possibly its subtype, can be detected by immunofluorescence 
microscopy on the blood smear. Of note, aggregates of NMMIIA in the eryth-
rocytes seem to associate with the grade of bone marrow fibrosis and might 
represent a novel early marker for transformation into secondary myelofibrosis.
Conflict of Interest  The authors state they have no conflicts of interest to 
declare.
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Introduction  Thrombocytopenia is frequent in patients with hematologic 
malignancies. Platelet count is commonly used to assess the need for platelet 
transfusion. However, this approach does not consider platelet function and 
other coagulation parameters such as von Willebrand factor (VWF), which may 
influence bleeding tendency. T-TAS is a flow chamber based system to evaluate 
the hemostatic function in whole blood samples. The HD-chip of T-TAS was 
developed for the analysis of samples from patients with thrombocytopenia 
[1]. The aim of this study was to investigate the T-TAS HD-chip in thrombocy-
topenic patients with myeloid neoplasia.
Method  Whole blood samples from patients with acute myeloid leukemia, 
myelodysplastic and myeloproliferative neoplasias and thrombocytopenia were 
analyzed at the Leipzig University Hospital. The area under the curve (AUC), 
occlusion start time (OST) and occlusion time (OT) of T-TAS were determined 
in patients with and without platelet transfusion. VWF activity and VWF antigen 
were measured and spearman correlation coefficient (ρ) between T-TAS and 
VWF parameters determined.
Results  A total of 67 samples were collected from 28 patients before (n = 19), 
one hour after (n = 8) and 12 to 24 hours after platelet transfusion (n = 19), as 
well as 21 samples from patients without platelet transfusion. Median platelet 
count was 21 (range 3-63) Gpt/l. VWF antigen was determined in 57 and VWF 
activity in 47 samples, respectively.
Absence of occlusion in T-TAS was detected in samples with platelet counts < 21 
Gpt/l, but 17 of 35 samples with platelet counts ≥ 21 Gpt/l showed occlusion, 
p < 0.001. From the 35 samples with platelet counts ≥ 21 Gpt/l, 19 were from 
patients receiving parenteral nutrition rich in lipids. Complete occlusion was 
seen in 5 (26.3 %) samples from patients with parenteral nutrition compared 
to 12 (75.0 %) in patients without parenteral nutrition, p = 0.007.
In samples with occlusion, there was no correlation between platelet count and 
AUC (ρ = 0.216), OST (ρ = -0,107) and OT (ρ = -0.306), but VWF antigen showed 
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a significant positive correlation with AUC (ρ = 0.685), a significant negative 
correlation with OST (ρ = -0.652) and OT (ρ = -0.718), while VWF activity was 
significantly correlated only with AUC (ρ = 0.661) and OT (ρ = -0.673).
Conclusion  Our preliminary data suggest that occlusion in T-TAS HD-Chip in 
patients with myeloid neoplasia does not occur in patients with platelet 
counts < 21 Gpt/l. Parenteral nutrition seems to interfere with the occlusion of 
T-TAS HD chip. In patients with occlusion and a platelet count above 20 Gpt/l, 
VWF appears to have a greater impact on T-TAS than platelet count indicating 
that T-TAS reflects the interaction of von Willebrand factor with platelets in this 
cohort of patients.
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Introduction  The determination of von Willebrand Factor cleaving protease 
ADAMTS13 activity in plasma is an important diagnostic test to enable the 
differentiation of patients with thrombotic thrombocytopenic purpura (TTP) 
from those with other thrombotic microangiopathies (TMAs). It is critical to 
have a reliable ADAMTS13 Activity result within a quick reporting turn-around 
time to increase the possibility of a positive outcome of patient care, especial-
ly with TTP patients. The screening test has been described by Moore et al1. It 
is a rapid semi quantitative assay requiring no special laboratory equipment or 
highly skilled technician to perform the test. The operator determines the AD-
AMTS13 activity level by comparing the color (red) intensity of the 4 different 
levels (0, 0.1, 0.4 and 0.8 IU/mL) indicated on the color card verses the test well 
coloration. However, on relying in human interpretation from the colour card 
can potentially lead to variations in reported results. The aim wasto improve 
result interpretation by evaluating a small mobile measuring device to deter-
mine the colour intensity of the screen test. With a digital patient read out of 
the ADAMTS13 activity level, this should improve the consistency of result 
reporting, easy of use and confidence of patient results with the screening test 
[1].
Method  To test the analytical performance of the measuring device in com-
bination with the screening test, a three-way method comparison was per-
formed. Patient and normal samples were assayed in a FRET assay, which was 
considered as the reference method and a Screening method with result inter-
pretation using a colour card and a measuring device.
Results  The repeatability using the measuring device for low sample and high 
sample was 2.4 & 0.4 % n = 10. Determining the colour intensity using the colour 
card (x3 operators) vs the measuring device value gave very comparable results. 
The calculated correlation betweenFRET vs Screening method/measuring de-
vice was r² = 0.83. The analytical performance of the FRET vs Screening method/
device was calculated using a cut off value of ≤ 0.1 IU/mL and ≤ 20 respectively, 
resulting in a specificity of 89 % and sensitivity of 79 %.
Conclusion  Our results showan excellent correlation between all 3 methods, 
suggesting the mobile measuring device would be an appropriate and reliable 
device for determining the ADAMTS13 Activity in the screening test. Therefore, 
patient results could be reported with confidence in timely manner aiding the 
rapid diagnosis TTP patients.
Conflict of Interest  Both authors are employees of the affiliated company.
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Introduction  Lupus anticoagulant (LA) detection by coagulation assays is 
compromised by other causes of elevated clotting times. Preponderance of 
thrombosis in the population warranting LA analysis leads to many requests 
for testing after initiation of anticoagulation, increasing the likelihood of false 
positive and negative interpretations in commonly used assays. Taipan snake 
venom time (TSVT) screening and ecarin time (ET) confirmatory assays are 
insensitive to vitamin K antagonist and direct factor Xa inhibitors, and all factor 
deficiencies except prothrombin.
Method  TSVT/ET assays were performed on Ceveron s100 (Technoclone). 
TSVT ratio, ET ratio, % correction, and normalised screen/confirm ratio (NSCR) 
reference intervals (RI) were derived from 43 normal donors and calculated 
as ± 2 standard deviations of the mean. TSVT and ET ratios were derived using 
RI mean clotting time denominators. TSVT/ET analysis was undertaken on 16 
plasmas from non-anticoagulated patients known to have LA, 1 normal and  
1 positive control, 10 from warfarinised non-LA patients (INRs 1.90-4.69),  
1 warfarinised patient with an LA (INR 4.1), and six non-LA plasmas containing 
anti Xa DOACs.
Results  TSVT ratio, ET ratio, % correction and NSCR RIs all had Gaussian distri-
butions, and upper limits for cut-offs were 1.12/1.09/10.9/1.11 respectively. 
14/16 (87.5 %) non-anticoagulated LA-positive plasmas had elevated TSVT 
ratios (range 1.16-1.6) all with confirmed phospholipid dependence via elevat-
ed NSCRs (range 1.12-1.53). One of the normal TSVT ratio samples nonetheless 
returned an elevated NSCR of 1.14, indicating positivity with the integrated 
interpretive model. Normal control TSVT ratio was 1.06, and positive control 
TSVT ratio was 1.68 with NSCR of 1.31. All DOAC plasmas had normal TSVT 
ratios (range 0.90-1.09) and ET ratios (range 0.95-1.06) and no elevated NSCRs. 
6/10 of non-LA warfarinised plasmas (INRs 1.90-2.26) had normal TSVT and ET 
ratios and NSCRs, whilst 4/10 (INRs 3.32-4.69) had elevated TSVT ratios (range 
1.25-1.35) but correspondingly elevated ET ratios (range 1.28-1.39), and con-
sequently, no false-positive interpretations as NSCRs were normal. The plasma 
from a warfarinised patient with an LA returned a TSVT ratio of 1.80 and NSCR 
of 1.16.
Conclusion  Standard LA detection with dilute Russell’s viper venom time and 
activated partial thromboplastin time is commonly compromised by anticoag-
ulants, and affected by factor deficiencies to which each assay is sensitive. Al-
though charcoal adsorbents can remove direct oral anticoagulants prior to 
analysis they have their own limitations, whilst TSVT/ET analysis offers a direct 
route to LA detection in many anticoagulated patients, and is affected by few-
er factor deficiencies. TSVT screen has good LA-sensitivity, warranting consid-
eration as first-line assay in appropriately anticoagulated patients before initi-
ating other, less reliable strategies, to reduce anticoagulant interference, and 
can also be used in non-anticoagulated patients.
Conflict of Interest  MU, NBB are employees of, GWM receives consulting hon-
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Introduction  Pentosan polysulfate (PPS), a semi-synthetic, heparin-like pol-
ysaccharide with manifold therapeutic actions [1], is approved for treatment 
of bladder pain syndrome/interstitial cystitis in humans and treatment of mus-
culoskeletal diseases in animals. PPS is produced by a complex procedure using 
beech wood as starting material and consists of a mixture of sulfated glucuron-
oxylans, whose structural composition can hardly be fully characterized by 
physicochemical analysis [2]. Meanwhile, several follow-on products of the 
originator PPS are offered.The question arises whether these are identical with 
the original PPS justifying an approval as generic drug or have to be considered 
biosimilars associated with specific requirements for approval [3].
The aim of this study was to investigate whether commercially available PPS 
products differ in physicochemical characteristics and biological effects from 
the original.
Method  Five original PPS (O-PPS) preparations and 5 follow-on products 
(M-PPS) from different manufactures were analyzed using orthogonal analyt-
ical techniques including, inter alia, size exclusion chromatography with triple 
detection, NMR spectroscopy, and high-resolution mid-infrared spectroscopy 
in aqueous solution with chemometric evaluation. For functional analysis, we 
measured kallikrein generation in citrated plasma, FXII activation in buffer, and 
C5a generation in hirudin, citrated and EDTA plasma using heparin and over-
sulfated chondroitin sulfate (OSCS) as reference compounds.
Results  The 5 M-PPS significantly differed in their composition and structure 
from the 5 O-PPS as well as among each other. The chemical differences were 
complex requiring the combination of various methods. The deviations in com-
position and structure are caused by multiple variables including (1) heteroge-
neities of the used biological starting material, (2) process-related changes of 
the polysaccharide structure, and (3) inhomogeneous sulfation.
In contrast to O-PPS and heparin, the 5 M-PPS caused strong kallikrein gener-
ation similar to OSCS. They induced FXII activation, partly even stronger than 
OSCS, which confirmed their contact system activating potency. In hirudin 
plasma, all test compounds inhibited C5a generation und thus complement 
activation. In citrated plasma, however, the OSCS and M-PPS did not inhibit, 
but increased C5a generation; the same was observed with M-PPS in EDTA 
plasma. Such C5a generation indicates stimulation of C5 cleavage independent 
of complement activation.
Conclusion  The study revealed that the approval application for PPS follow-on 
products requires – as for other biosimilars – a stepwise comparison with the 
original PPS. This generally includes both highly sensitive, orthogonal physic-
ochemical methods and conclusive biological assays as well as, if necessary, 
clinical studies [3]. Since heparin falsified with OSCS had caused severe adverse 
reactions [4, 5], the OSCS-like effects of the PPS follow-on products warrant 
further investigations on their safety.
Conflict of Interest  D.L. is employee of bene pharmaChem GmbH, the man-
ufacturer of original PPS.
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Introduction  The thrombin generation (TG) assay is a global hemostatic assay 
to assess the tendency of plasma to form thrombin after the initiation of the 
coagulation cascade. The introduction of fully standardized TG assays supports 
its use in clinical routine. The aim of this study was to investigate TG with the 
fully automated ST Genesia system in a large cohort of patients undergoing 
thrombophilia testing.
Method  A total of 689 individuals, who underwent thrombophilia screening 
between September 2020 and August 2021 at the outpatient coagulation 
center MVZ Limbach (Magdeburg, Germany), were included in the analysis. 
Thrombin generation was measured using The Thromboscreen assay on the ST 
Genesia system.
Results  Females using combined oral contraceptives (COC) and pregnant 
women showed a significantly higher thrombin peak (TP) and endogenous 
thrombin potential (ETP) especially if thrombomodulin (TM) is added. Median 
TP and ETP measured with TM were 257 (IQR 149 – 324) and 1084 (IQR 620 – 
1280) in women using COC, 267 (IQR 223 – 325) and 1161 [IQR 888 – 1390] 
in pregnant women compared to 103 (IQR 67 – 150) and 456 (IQR 301 – 661) 
in non-pregnant women not on COC, p < 0.001, respectively. Patients with an-
tiphospholipid syndrome (APS) had a significantly prolonged lag time 2.6 (IQR 
2.1 – 3.4) compared to patients without APS 2.4 (IQR 2.1 – 2.7) (p = 0.002) but 
TP and ETP were comparable.
After exclusion of patients with APS, pregnant females and females using COC, 
those with elevated plasma levels of factor (F) VIII, FIX and those with protein 
S deficiency had a significantly higher TP with and without TM than patients 
with normal levels of these parameters, while the other TG parameters showed 
different responses. Patients with Prothombin-G20210A-Mutation (PGM) had 
a significantly higher TP and ETP with and without TM compared to patients 
without thrombophilia. TP and ETP measured with TM but not without TM were 
higher in patients with Factor-V-Leiden Mutation (FVL) compared to the cohort 
without thrombophilia.
Conclusion  TG measured with ST Genesia and the Thromboscreen application 
is very sensitive for the use of COC and pregnancy. In addition, patients with 
increased FVIII and FIX, protein S deficiency, PGM and FVL show elevated TG. 
These data provide the basis for further prospective studies with clinical out-
come parameters to determine the predictive value of fully automated TG in 
patients at risk for thrombosis.
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Introduction  Clonal hematopoiesis is caused by mutations of epigenetic reg-
ulators (e.g. TET2) or signaling proteins (e.g. JAK2). The clinical presentation is 
heterogeneous, ranging from clinically healthy individuals to myeloproliferative 
neoplasms (MPN). Clonal hematopoiesis is associated with a higher risk for 
cardiovascular events [1]. A parallel abstract describes the morphological 
changes of platelets and red cells in patients with MPN, that can be assessed by 
immunofluorescence microscopy on a blood smear. In this study and previous 
work [2], we showed that patients with disturbed erythropoiesis express ag-
gregates of non-muscle myosin (NMMIIA) in erythrocytes. To facilitate the 
detection of these aggregates we developed a flow cytometry-based method.
Method  We collected EDTA-anticoagulated whole blood from Jak2 + /VF mice 
[3] and corresponding Jak2 + / + wildtype mice (WT) as well as samples from pa-
tients with genetically confirmed MPN and healthy controls. We prepared blood 
smears, fixed and stained them as described in [4] and screened them for ag-
gregates of non-muscle myosin IIA in red blood cells. Simultaneously, the re-
maining whole blood samples were fixed, permeabilized and stained with an-
ti-NMMIIA-AF647, anti-235a-PE and measured by flow cytometry. 235a-positive 
events (erythrocytes) were analyzed. A cut-off was created by measuring wild 
type mouse blood or healthy controls blood without NMMIIA-aggregates as 
assessed by immunofluorescence microscopy.
Results  Approximately 10 times more NMMIIA-positive events were observed 
in erythrocytes of Jak2 + /VF mice and patients with MPN compared to the cor-
responding controls. The mean percentage of NMMIIA-positive events in 
Jak2-mutant mice was 8.4 % vs 0.8 % in WT-mice. In patients with MPN and 
NMMIIA aggregates in immunofluorescence microscopy the mean percentage 
of NMMIIA-positive events was 6.5 % vs 0.5 % in healthy controls (▶Fig. 1). 
Human blood samples that were stored in glycine buffered saline for 7 days 
provided comparable results to fresh samples.

Conclusion  We present a method to detect aggregates of non-muscle myosin 
IIA in erythrocytes by flow cytometry. The assay might be used as a fast and 
feasible screening test for impaired erythropoiesis in diseases such as MPN.

▶Fig. 1	 NMMIIA-aggregates in erythrocytes of mice [A] and 
humans [B] assessed by flow cytometry. Jak2 + / + wildtype mice 
were compared to Jak2 + /VF mice and healthy human controls were 
compared to patients with MPN-disease.
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Introduction  Large animals are predictive models for the analysis of throm-
bosis and haemostasis in patients. Real-time measurement of thrombin gen-
eration (TG) by calibrated automated thrombinography (CAT) is a highly sen-
sitive and versatile method that allows comprehensive analysis of coagulation 
activating and inhibiting mechanisms in plasma samples.
Method  TG measurements were based on the conversion of the thrombin-spe-
cific fluorogenic substrate Z-Gly-Gly-Arg-AMC measured at 390 nm emission 
and 460 nm excitation. Kaolin-stimulated TG was analysed in serial dilutions of 
porcine and rat plasma. CaCl2 levels were also systematically tested in TG assays.
Results  The factor XII contact activator kaolin induced TG in porcine and rat 
plasma, with short lag times < 1 sec using the established protocol for human 
plasma. Remarkably, baseline TG levels in unstimulated animal plasma were 
also high. Lowering the CaCl2 concentration to 5 mM resulted in significant 
prolongation of lag times, allowing for a more accurate monitoring of TG in 
porcine and rat plasma. Following optimisation of the plasma volume, reaction 
temperature and CaCl2 concentration used, we developed a CAT assay that 
allows the measurement of TG in porcine and rat plasma stimulated in a 
dose-dependent manner by different contact activators. The factor XII inhibitor 
infestin-4 fused to human albumin blocked contact activation-stimulated TG 
in porcine plasma. Inhibition of plasma kallikrein with aprotinin also reduced 
TG upon kaolin stimulation. Moreover, targeting factor Xa or thrombin with 
direct oral anticoagulants largely reduced TG driven by activated factor XII.
Conclusion  We present a novel assay for the precise analysis of TG triggered 
by factor XII activation in rat and porcine plasma. Our method allows to meas-
ure coagulation in plasma samples of animals that have been exposed to med-
ical devices such as stents and catheters, with relevance for patient safety.
Conflict of Interest  The authors declare that there is no conflict of interest.

T-18-19  Thrombin generation with ST Genesia in 
patients with bleeding tendency
Authors  J. D. Konkolewski1, T. Siegemund2, A. Siegemund1, 2, S. Petros1,  
H. Bönigk2, C. Pfrepper1

Institutes  1  University Hospital Leipzig, Division of Hemostaseology, 
Department of Hematology, Cellular Therapy, Hemostaseology and 
Infectiology, Leipzig, Germany; 2  MVZ Limbach Magdeburg, Magdeburg, 
Germany
DOI  10.1055/s-0044-1779233
Introduction  The thrombin generation (TG) assay is a global hemostatic assay 
that assesses the formation of thrombin in patients’ plasma after stimulation 
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of the coagulation cascade. Several studies have investigated TG in patients 
with known bleeding disorders but the value of TG in the diagnosis of patients 
with unexplained bleeding tendency is still not well defined. The aim of this 
study was to evaluate TG for the diagnosis of patients with an unexplained 
bleeding tendency.
Method  Patients visiting the outpatient coagulation center MVZ Limbach, 
Magdeburg, Germany between January 2020 and December 2022 with known 
bleeding disorders and patients examined due to an increased bleeding ten-
dency were included. Plasma levels of clotting factors and other hemostatic-rel-
evant parameters were measured for every patient. TG data were collected 
using the fully automated ST Genesia BleedScreen. ISTH-BAT score was used 
to assess the individual bleeding tendency.
Results  A total of 1204 patients were identified. Known bleeding disorders 
were hemophilia A (HA, n = 35), hemophilia B (HB, n = 16), factor VII deficiency 
(n = 69), von Willebrand disease (n = 170), platelet function disorders (n = 129), 
other factor deficiencies (n = 46), and bleeding caused by anticoagulants (n = 39) 
while in 700 patients no underlying bleeding disorder could be identified.
In male HA patients with factor VIII activity below the reference range, there 
was a moderate but significant correlation (σ = 0.55-0.63) between FVIII and 
parameters of thrombin peak (TP), endogenous thrombin potential (ETP), and 
velocity index (VI). In HB patients there was a significant correlation only with 
the time to peak (TTP, σ = -0.77).
In the cohort of patients with bleeding tendency of unknown cause, women 
who were pregnant or used estrogen-containing contraceptives (ECC) had a 
significantly higher TP, ETP and VI with a shorter TTP.
For further analysis, pregnant women and women taking ECC were excluded. Of 
590 patients with bleeding tendency of unknown cause, TG showed no patholog-
ical results in 339 patients, and no relation to the BAT score. In 128 patients, at least 
one TG parameter was found outside the normal range, mainly lag time (n = 112), 
followed by TTP (n = 38), TP (n = 35), ETP (n = 32), and VI (n = 28).
Conclusion  TG shows moderate correlation in patients with hemophilia. In addi-
tion, it may help to detect some patients with unexplained bleeding tendency.
Conflict of Interest  TS reports honoraria for lectures from Sobi, AS honoraria 
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from Chugai/Roche, Takeda, Zacros, and LeoPharma, and honoraria for lectures 
or consultancy from Bayer, Biomarin, Chugai/Roche, CSL Behring, Novo Nord-
isk, Pfizer, BMS, SOBI, and Takeda.
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Introduction  During bone marrow donation (BMD), peripheral blood stem 
cell apheresis (PBSC) and cardiac artery bypass grafting (CABG) alterations in 
erythrocytes and thrombocytes count could be observed. These alterations of 
blood cell count might have an influence on hematopoiesis regulating factors.
Aim of this study was to compare erythropoietin (EPO) and thrombopoietin 
(TPO) concentrations, as well as hemoglobin concentration (HB) and platelet 
count (PLT) in BMD, PBSC and in CABG.
Method  We collected blood samples from a total of 24 donors and patients. 
Quantification of EPO and TPO was performed via enzyme-linked immuno-
sorbent assay (ELISA).

Results  In BMD EPO concentration increased first one day after the operation, 
although HB was significantly decreased immediately after the intervention. 
PLT count significantly decreased after the operation. TPO progression ap-
peared inverse to PLT count. In CABG patients, EPO release seemed to be de-
pendent on kidney function.
Conclusion  Stimulation for EPO release seems to be deferred in BMD and TPO 
concentration seems to have a maximum accumulation rate if baseline level of 
PLT ́ s is already low before PBSC. EPO and TPO concentrations could be a help-
ful marker in clinical settings for evaluation of blood cell regeneration.
Conflict of Interest  There are no conflicts of interest.
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Introduction  Transfusion of platelet concentrates (PCs) is an essential medical 
approach to treat or prevent bleeding in patients with impaired platelet func-
tion or after injury. Nevertheless, the standard storage of PCs at room-temper-
ature (RT) is associated with an increased risk of bacterial contamination as well 
as reduced platelet functionality. We previously showed that cold-stored PCs 
have better functionality compared to RT-stored PCs but reduced in vivo circu-
lation time due to cold-induced apoptosis. To investigate cold-stored PCs he-
mostatic functionality upon apoptosis inhibition, we established an ex vivo 
model simulating physiological blood flow to evaluate the contribution of cold-
stored PCs to thrombus formation.
Method  PCs were stored for 1, 4, 7 and 10 days at 4 °C or RT either with or 
without the apoptosis inhibitor G04 (RhoA GTPase inhibitor). Next, PCs were 
stained with CD41 antibody and incubated with TRAP6 (thrombin receptor-ac-
tivating peptide 6) to stimulate thrombus formation. Platelet-depleted whole 
blood samples that mimic thrombocytopenic patients were spiked-in with PCs 
and applied to the ex vivo system under physiological shear flow. Afterwards, 
the resulting thrombi were imaged. Furthermore, viscoelastic measurements, 
impedance aggregometry and thrombin generation assay were performed.
Results  Platelets from 24h storage PCs showed stable thrombus formation 
upon activation with TRAP6. Unstimulated platelets did not form any thrombi 
during the entire period of perfusion. To evaluate the effect of cold storage on 
platelet functions we analyzed thrombus formation of PCs stored at RT and 
4 °C. Cold-stored platelets tend to form larger clots under flow conditions and 
maintain higher functionality in vitro compared to PCs stored at RT. In addition, 
incubation of cold-stored PCs with the apoptosis inhibitor G04 improved ex vivo 
thrombus formation compared to PCs stored without the inhibitor (▶Fig. 1).

▶Fig. 1	   Ex vivo thrombus formation of RT and 4 °C (with apoptosis 
inhibitor G04). Representative brightfield (upper panel) and immu-
nofluorescence (lower panel) pictures of ex vivo thrombus forma-
tion. PCs, stored at RT (A and D), 4 °C (B and E) or 4 °C + G04 (C and F) 
were perfused through microfluidic channels, upon TRAP6 stimula-
tion, for 5 minutes. Red signal: CD41 antibody. Scale bar: 200 µm.
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Conclusion  The results indicate that our ex vivo assay, which simulates PC 
transfusion in thrombocytopenic patients, is a suitable model to test the he-
mostatic functions of PCs under physiological flow conditions. Our results in-
dicate that PCs stored at 4 °C show better thrombus formation ability upon 
stimulation by agonists compared to RT-stored PCs. Moreover, PCs ability to 
form clots under shear stress is still preserved after incubation with the apop-
tosis inhibitor.
Conflict of Interest  The authors declare no conflict of interest. T. Bakchoul 
and I. Marini have a pending patent related to cold-storage of platelets.
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Introduction  Platelet concentrates (PCs) are used to treat or prevent bleeding 
in patients with impaired platelet function or after injury. Cold storage was 
shown to better preserve platelet function, over the current standard – room 
temperature (RT) storage in vitro. Our aim is to establish an ex vivo model to 
evaluate the contribution of PCs in thrombus formation and to investigate the 
effect of different storage conditions on platelet functions.
Method  For the ex vivo modelling the microfluid channels were coated with 
collagen and blocked with human serum albumin. Next, PCs stored for 24h at 
RT were incubated with labelled with Calcein-AM. Platelet-depleted whole 
blood samples from healthy donors, that mimic thrombocytopenia, were 
spiked-in with PCs and recalcified. TRAP-6 (thrombin receptor-activating pep-
tide 6) was added to initiate thrombus formation and reconstituted samples 
were immediately run through microchannels at physiological shear forces, 
and immunofluorescence snapshots were taken. Additionally, PCs were stored 
for 1, 4, 7 and 10 days either at RT or at 4 °C. Samples were then stained, recal-
cified and applied to the ex vivo system as well as other standard laboratory 
tests.
Results  Platelets from PCs, after reconstitution, showed stable thrombus 
formed upon incubation with TRAP-6, while unstimulated PC did not form any 
thrombi ( % surface area coverage, mean ± SD: 1.860 ± 8.844 vs. 10.70 ± 2.255 
when activated, p = 0.0172). To evaluate the effect of cold storage on platelet 
functions we analyzed the extent of thrombus formation of PCs stored at RT 
and 4 °C upon florescent staining. Our results indicate that cold-stored platelets 
tend to form larger clots under flow conditions after TRAP-6 activation com-
pared to PCs stored at RT (Figure. 1). This finding is also supported by stand-
ardized in vitro laboratory testing.
Conclusion  The results indicate that our ex vivo assay, which simulates PC 
transfusion in thrombocytopenic patients, is suitable to test the hemostatic 
functions of PCs under physiological flow conditions. Moreover, it allows to 
investigate cold-induced effects on platelet functions during storage time and 
indicates improved preservation of platelet functionality in cold storage.
Conflict of Interest  TB, MI – patent pending (cold storage of platelets)
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Introduction  Andexanet alfa is a specific antidote for factor Xa inhibitors. 
However, its availability is restricted in various countries, leading to the utiliza-
tion of 4-factor prothrombin complex concentrate (4F-PCC) as an alternative. 
This study aims to compare the efficacy of andexanet alfa versus 4F-PCC in 
patients with factor Xa inhibitor-associated intracranial hemorrhage (ICH).
Method  We conducted a search of MEDLINE, SCOPUS, and CENTRAL databas-
es, from inception to July 2023. We focused on prospective or retrospective 
cohort studies that included patients with ICH resulting from factor Xa inhibi-
tor and who were treated with either andexanet alfa or 4F-PCC. Data extraction 
was carried out independently by two reviewers, and cross-checking was per-
formed. We calculated the random-effects models to estimate the odds ratio 
(OR) along with corresponding 95 % confidence intervals (CIs). The main out-
comes were the efficacy of hemostatic control, the occurrence of thrombotic 
complications, and all-cause mortality.
Results  A total of 13 studies were included, involving patients with a median 
age ranging from 71 to 85 years. The primary indication for anticoagulation in 
these patients was atrial fibrillation, accounting for 73 % to 94 % of patients in 
each study. The reported sites ICH included intraparenchymal, subdural hem-
orrhage, and subarachnoid hemorrhage. Good or excellent hemostatic control 
was reported in 182 of 237 patients receiving andexanet alfa (76.8 %), whereas 
166 of 241 patients receiving 4FPCC (68.9 %), OR 1.57 (1.00 to 2.45), I2 = 0 %. 
The overall mortality was 24.7 % in andexanet alfa group and 29.5 % in 4FPCC 
group (OR 0.66, 95 %CI 0.37 to 1.19, I2 = 46 %). Thromboembolic complication 
was reported 10.3 % in andexanet group and 10.9 % in 4FPCC group (OR 1.05, 
95 %CI 0.55-1.99, I2 = 0 %).
Conclusion  Andexanet alfa demonstrated significantly higher hemostatic 
control compared to 4F-PCC in patients with factor Xa inhibitor-associated ICH. 
Additionally, there was a numerical trend towards a lower risk of death in pa-
tients treated with andexanet alfa. The use of andexanet alfa did not result in 
an increased risk of thrombotic complications compared to 4F-PCC.
Conflict of Interest  I have no conflcit of interest.
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Introduction  Thrombin (F2) expression was recently reported in intestinal 
epithelial cells (IEC) impacting on microbial spatial organization and intestinal 
injuries. The thrombin receptor protease-activated receptor-1 (PAR1/F2r) is 
also expressed on IECs and in the context of inflammatory bowel disease, its 
activation is linked to disorders in gut mucosal healing. Interestingly, the gut 
microbiota can influence intestinal villus vascularization, required for nutrient 
harvest, in a tissue factor/PAR1-dependent fashion. Here, we aim to unravel 
the underlying epithelial-endothelial-crosstalk between epithelial thrombin/
PAR1 and small intestinal villus vascularization.
Method  Mice deficient for intestinal epithelial F2 (F2ΔIEC) or F2r (F2rΔIEC) and 
endothelial F2r (F2rΔEC) were generated by crossing floxed F2r mice with a 
mouse line expressing Cre-recombinase under the control of the Villin- (IEC) or 
VE-Cadherin5-promotor (EC). Floxed mice that did not express Cre-recombi-
nase were used as controls. Experimental groups were sex and age matched.
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Paraffin sections of the mid small intestine were stained by immunofluores-
cence for the endothelial cell marker CD31 to quantify the vascularized area in 
the small intestinal villus structures.
RNA extraction was performed on isolated IECs and whole small intestinal tis-
sue, and converted to cDNA by reverse transcription. Gene expression was 
analyzed by qPCR using the delta delta Ct method.
Immunophenotyping of small intestinal lamina propia was conducted by flow 
cytometry. Samples were cleaned, Peyer’s patches excised, IECs removed, and 
remaining tissue was digested to obtain single cell suspensions that were 
stained with fluorescent antibodies against different immune cell markers.
Results  F2ΔIEC and F2rΔIEC mice showed a decrease in vascular density of small 
intestinal villus structures. Expression of LYVE1, a marker for lymphatics, CD31, 
a panendothelial marker and eNOS, an endothelial enzyme involved in angio-
genesis, was downregulated in the small intestine of F2rΔIEC mice. Additionally, 
this knockout altered the expression of several genes in the IEC compartment, 
including PDGF-B, which is involved in angiogenesis. In contrast, F2rΔEC mice 
did not show a decreased villus vascularization. Also, epithelial PAR1-deficien-
cy did not affect the abundance of immune cell populations in the gut.
Conclusion  Our results indicate that thrombin expression by the gut epithe-
lium affects small intestinal villus vascularization. This is likely due to PAR1 
signaling, since intestinal epithelial thrombin and PAR1-deficiency resulted in 
reduced vascularization. Taken together, our findings strengthen the hypoth-
esis, that PAR1 signaling in intestinal epithelial cells is involved in vascular re-
modeling of villus capillaries.
Conflict of Interest  The authors claim no conflict of interest.
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Introduction  Recent research has highlighted the crucial role of the microbi-
ota in shaping postnatal gut development and physiology. In the small intestine, 
the microbiota significantly influences the remodeling of villus capillary net-
works, which is essential for dietary-derived nutrient transport, through epi-
thelial-to-endothelial crosstalk. The dual oxidase-2 (DUOX2) exerts microbi-
cidal functions in the intestinal epithelium comprising an essential regulator of 
the microbiome-host interaction. Here, we provide insights on how DUOX2 
and Toll-like receptor-2 (TLR2), which has been shown to impact intestinal 
epithelial cell renewal and angiogenesis, influence villus vascularization in the 
small intestine mediating microbiota-host interplay. Understanding these 
complex interactions offers insights into the intricate mechanisms behind gut 
morphogenesis and vascular network regulation.
Method  In this study, we investigated two distinct mouse models: Mice with 
a global deficiency of DUOX2 as well as mice with an epithelial-specific defi-
ciency of TLR2. To assess villus vessel density, immunofluorescence staining of 
vascular markers in the mid small intestine were performed. Additionally, quan-
titative real-time PCR (qRT-PCR) analyses were conducted to quantify the ex-
pression of vascular markers, Duox2, and its maturation factor Duoxa2. These 
experiments uncovered how the absence of TLR2 and DUOX2 impacts the 
regulation of vascular development in the gut, providing valuable information 
about the underlying mechanisms involved in this process. 16S sequencing 
analyses were performed for small intestinal content determining the micro-
bial abundancies.
Results  Mice lacking DUOX2 activity exhibited a notable reduction in vascu-
larization in the small intestine, as well as an altered microbial community. This 
decrease in vascularization was accompanied by a decrease in Duox2 and Du-
oxa2 mRNA expression, indicating a critical role of these genes in regulating 

vascular development in the gut. Conversely, mice with an intestinal epitheli-
al-specific deficiency of TLR2 displayed an increase in villus vascularization along 
with elevated expression levels of the vascular marker platelet and endothelial 
cell adhesion molecule 1 (Pecam1), while no alterations were found in the lym-
phatic vascular marker lymphatic vessel endothelial hyaluronan receptor 1 
(Lyve1). Notably, this heightened vascularization was accompanied by an in-
crease in Duox2 expression in the small intestine, suggesting a complex inter-
play between TLR2, DUOX2, and vascular development in mucosal vasculari-
zation.
Conclusion  We propose that small intestinal epithelial DUOX2, which is a 
known regulator of microbial colonization in the gut, is involved in the epithe-
lial-to-endothelial crosstalk, influencing villus vascularization in a microbio-
ta-dependent fashion. Further, we identified intestinal epithelial TLR2 as a 
potential modifier of vascular remodeling.
Conflict of Interest  The authors declare no conflicts of interest in relation to 
this work.
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Introduction  Thrombophilia diagnosis can be convoluted, involving clinical 
data analysis, specialized laboratory testing, and high-level decision-making. 
The diagnostic process can vary depending on individual differences in clinical 
practice, institutional guidelines, and resource availability, which may affect 
clinical outcomes. This in turn provides a potential opportunity for optimization 
using AI.
Method  We retrospectively evaluated an AI-powered algorithm optimized to 
replicate the process of thrombophilia diagnosis. Electronic medical record 
(EMR) data were assessed from 256 patients who were referred for thrombo-
philia evaluation at our ambulatory hemostasis clinic from 11/2019 to 2/2023. 
Thrombophilia diagnosis was made based on a personal and/or family history 
of thrombosis as well as results of extensive thrombophilia testing. XGBoost, 
a gradient boosting algorithm for supervised learning, was used to perform a 
randomized search over a predefined set of tree parameters to find a well-per-
forming configuration of the data using cross-validation. The dataset contained 
12 clinical and 26 laboratory data parameters. The target variable consisted of 
the thrombophilia probability score (TPS) and thrombophilia risk factors (TRF). 
TPS were calculated based on clinical data from the following criteria: one point 
assigned each for a) spontaneous thrombotic event; b) mild risk situation; c) 
recurrent thrombosis; d) atypical thrombosis localization; e) age < 50 years at 
first thrombosis; f) family history of thrombosis and/or first degree relative with 
established thrombophilia. A score of 0 points corresponded to “unlikely throm-
bophilia”; 1-2 “thrombophilia cannot be excluded”; 3 “likely thrombophilia”; 
and 4 + “most likely thrombophilia”. TRF were categorized by a scale of 0-3 
indicating no (0), low (1), intermediate (2), and high risk (3), respectively.
Results  250 patients were included; 6 were excluded due to lack of sufficient 
data. The algorithm revealed decisive factors for the detection of thrombophil-
ia and suggested modified thresholds (e.g. age at first thrombosis was used 20 
times with a mean of 47.25 years and a standard deviation of 10.63) for an 
objective and standardized diagnostic procedure. The contribution of clinical 
and laboratory features in the overall algorithm performance varied consider-
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ably (see ▶ Fig. 1). The dataset was divided into three subsets: 200 train,  
25 validation, and 25 test data, ensuring a representative distribution across 
the evaluation process. In the evaluation, a misclassification of ± 1 was assumed 
to be no error. The model ultimately showed a sensitivity of 100 % and speci-
ficity of 100 % for TPS, and a sensitivity of 75 % and specificity of 98 % for TRF 
(▶Fig. 2) for an error tolerance of 1 off.

Conclusion  Our results show the potential for tree-based models to optimize 
and standardize thrombophilia diagnosis and thrombosis risk stratification. 
Furthermore, medical professionals can gain helpful insights from our model 
due to its explainable nature. We expect that the algorithm will show significant 
sensitivity and specificity for the TRF when we repeat the tests with a larger 
data set (currently ongoing).
Conflict of Interest  The authors have no conflicts of interest to disclose.
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Introduction  Gregor Johann Mendel – a multitalented scientist, considered 
the “father of modern genetics”, was born in 1822 and recent bicentennial 
anniversary of his birth provided a unique opportunity to remind the legacy of 
this great scientist. Mendel made the key discoveries in the Augustinian Abbey 
in Brno, Czech Republic, but a key role enabling his discoveries played his knowl-
edge of mathematics, physics and statistics, which he obtained at the Univer-
sity of Vienna, Austria. Application of his interdisciplinary knowledge and tre-

▶Fig. 1	   Gain metric showing the relative contribution of each 
clinical and laboratory feature to overall performance of the algo-
rithm. Figure generated by means of the data provided by XGBoost.

▶Fig. 2	   Accuracies for thrombophilia probability score and throm-
bophilia risk factors with an error tolerance of 1.

mendous experimental work involving a hybridization of about 28,000 pea 
plants led to a formulation of the generally accepted principles of heredity.
Method  We have initiated a multidisciplinary project focused on the search 
for the Mendel´s genome. To find his biological material, we have performed 
an archeological research of the Augustinian tomb in Brno followed by the 
anthropological and genetic analysis of the found remains. In parallel, we have 
analysed Mendel´s personal belongings in the Abbey and succeeded to isolate 
his DNA, that we have used for an identification of the remains.
Results  Using a comparison of mitochondrial DNAs isolated from the remains 
and from his personal belongings stored in the Abbey we have identified the 
remains of G.J.Mendel. Whole genome sequencing of DNA isolated from the 
teeth enabled us to obtain very exciting novel findings on Mendel´s personal-
ity and to study his genetic predispositions. We have identified a, autosomal 
dominant mutation that was probably responsible for his cardiological prob-
lems and early death. In addition, the genome analysis brought novel findings 
on Mendel’s blood group, physique, ancient ancestors, taste preferences and 
many other interesting details.
Conclusion  We believe that the story of Mendel’s life and novel findings on his 
genetic predispositions and even so called "Mendelian disorders" have brought 
interesting information on this humble, but genious scientist, important not 
only for the Brno and Vienna, where he lived, studied and worked, but for the 
whole world.
Conflict of Interest  Authors declare no conflict of interest.
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Introduction  Von Willebrand Factor (vWF) is an essential protein in hemosta-
sis. It consists of multiple domains and assembles into multimers, which circu-
late in peripheral blood stream. Upon exposure to increased shear forces at 
sites of vessel injury, vWF binding to platelets is induced via GPIbα and later 
stabilized by binding of vWF-C4-domian to GPIIb/IIIa. Dysfunction and loss of 
vWF can thus cause bleeding symptoms. However, hyperactivity caused by 
gain-of-function (GOF) variants has also been identified in recent years. We 
have focused on two published vWF variants in the C4 domain exhibiting either 
higher shear sensitivity (p.Phe2561Tyr) [1] or increased aggregate formation 
(p.Pro2555Arg) [2]. Both variants are assumed to affect structure and function 
of the vWF stem region, especially with respect to interaction with platelet 
GPIIb/IIIa. Hence, variants with homologous amino acid substitutions in other 
vWF C domains were investigated for their thrombotic potential.
Method  Based on a sequence alignment of all vWF C domains [3], we identified 
matching positions for each variant. The positions were mutated by site-direct-
ed mutagenesis to either arginine or tyrosine. Additionally, amino acid substi-
tutions listed in the SNP data bank ensemble were considered, resulting in the 
following five variants to be examined: p.Pro2302Arg/Thr in C1, p.Pro2373Arg/
Ser in C2 and p.Phe2481Tyr in C3 domain. Additionally, we investigated amino 
acid substitution p.Tyr2631Phe in C5 as it may have a reverse effect to p.Phe-
2561Tyr. General hemostatic parameters such as secretion, multimerization 
and binding capacities to GPIbα, GPIIb/IIIa and collagen were measured. More-
over, activity of vWF variants was investigated under flow conditions by using 
light transmission aggregometry (LTA) and microfluidics.
Results  For the p.Pro2373X variants, a faster running behavior was observed 
in multimer analysis pointing towards structural alterations. For most variants, 
secretion and binding parameters under static conditions were not significant-
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ly changed compared to wtvWF. In the LTA agglutination assay, four variants 
were less responsive to low Ristocetin concentration compared to wtvWF. For 
p.Pro2302Thr and p.Phe2481Tyr, increased vWF-platelet-complex formation 
was found only in 1 of 3 experiments.
Conclusion  The aim of this study was to investigate, whether the GOF effects 
induced by p.Phe2561Tyr and p.Pro2555Arg also occur due to homologous 
amino acid exchanges in other C domains. Therefore, equivalent variants in C1, 
C2, C3 and C5 were analyzed. None of them exhibited a GOF effect as strong 
as the C4 variants. Rather, flow experiments show a reduced force responsive-
ness and lower platelet binding for some variants. The results indicate that 
despite of a high sequence identity among vWF C domains, homologous mu-
tations in C domains other than C4 do not seems to induce the same GOF effects 
as C4 domain variants strengthening the hypothesis that the GOF arises from 
mutational effects on GPIIb/IIIa binding by vWF.
Conflict of Interest  None.
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Introduction  Platelets are small, non-nucleated cell types that play a central 
role in hemostasis. In addition, they are important in supporting the immune 
system during virus infections. Overactivation of platelets has been reported 
for severe corona virus disease 2019 (COVID-19), resulting in the release of 
granules, exacerbating inflammation and contributing to a cytokine storm. Aim 
of this study was to comprehensively investigate the role of platelets in COV-
ID-19 progression and to identify predictive biomarkers for disease outcome 
(Wolny et al., 2023) [1–2].
Method  Mass spectrometry-based proteomic profiling of highly purified plate-
lets from critically diseased COVID-19 patients with different outcomes (sur-
vivors and non-survivors) and age- and sex-matched controls was conducted. 
Potential biomarker candidates were further validated in both platelets and 
plasma using two independent methods including targeted mass spectrome-
try based on parallel reaction monitoring (PRM) and ELISA.
Results  Platelets from severe COVID-19 patients showed significant differenc-
es in the abundance of proteins associated with protein folding, degranulation, 
cytokine and cell signaling. In addition, a number of proteins with isomerase 
activity were found to be more abundant in patient samples, apparently exert-
ing an influence on platelet activity via the non-genomic properties of the 
glucocorticoid receptor (GR) and the nuclear factor κ-light-chain-enhancer of 
activated B cells (NFκB). Moreover, carbonic anhydrase 1 (CA-1) was identified 

as potential marker protein in platelets, showing a significant increase in COV-
ID-19 patients.
Conclusion  Ingvild Birschmann received speaker’s honoraria from Aspen Germa-
ny GmbH, Bristol-Myers Squibb/Pfizer, Siemens Healthcare and CSL Behring and 
reimbursement for congress traveling and accommodation from aspen and per-
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Introduction  Osteoclastogenesis involves several steps: proliferation of pre-
cursors, early differentiation into mononuclear cells, and fusion into multinu-
cleated osteoclasts. RANKL (receptor activator of nuclear factor kB ligand), 
produced by osteoblasts, is the key regulator. Thrombin, the key enzyme of 
coagulation enhances the release of osteoclastogenic factors by osteoblasts 
but paradoxically impedes the initial stages of RANKL-induced osteoclast dif-
ferentiation in precursor cells, independently of its proteolytic activity. In var-
ious other cell types, thrombin mediates intracellular signaling via protease-ac-
tivated receptors 1 and 4 (PAR1/PAR4). A transient expression of PAR1 was 
observed in osteoclast precursor cells, while PAR4 expression has not yet been 
investigated. We aimed to assess the influence of PAR-activation on the differ-
entiation of osteoclast precursors into mature osteoclasts.
Method  Peripheral blood mononuclear cells (PBMCs) from whole blood were 
isolated followed by positive magnetic sorting for CD14 + monocytes. Mono-
cytes were expanded to macrophages with 50 ng/ml recombinant macrophage 
colony-stimulating factor (rhM-CSF), and osteoclast differentiation was induced 
by adding 50 ng/ml RANKL. We tested the impact of PAR activation by adding 
peptides specifically activating PAR1 (PAR1-AP, 32 µM) or PAR4 (PAR4-AP, 50 
µM) to the culture medium. Cells were fixed, stained for TRAP (tartrate-resist-
ant acid phosphatase), and counterstained with hematoxylin. Tartrate-Resist-
ant Acid Phosphatase in the conditioned medium (TRAcP) was quantified  
with a fluorometric assay. PAR4 expression was determined via Western blot 
analysis.
Results  In our in-vitro differentiation assay, we observed an expedited osteo-
clast differentiation process upon the addition of PAR4-AP, as opposed to PAR1-
AP. Preliminary data suggested that this acceleration manifests within 1-2 days 
of introducing RANKL, corresponding to an increase in TRAcP activity in the 
medium. Western blot analysis unveiled a robust expression of PAR4 in precur-
sor cells treated with RANKL.
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Conclusion  Accelerated differentiation upon PAR4 activation of osteoclast 
precursor cells appears to contradict previous reports on the inhibiting activi-
ty of thrombin acting via PAR1 or independently of its proteolytic activity. PAR4 
may serve as a regulator to fine-tune the action of thrombin. Additionally, 
Cathepsin K functions as a ligand for PAR4. As its secretion is a distinctive fea-
ture of osteoclast formation, this may potentially signify the presence of a 
positive feedback loop. Further functional studies employing physiological 
PAR4 ligands and antagonists are necessary to elucidate the precise role of PAR4 
in osteoclastogenesis.
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Introduction  Serologic characterization of anti-human platelet antigen (HPA) 
alloantibodies is crucial in fetal neonatal alloimmune thrombocytopenia 
(FNAIT). The monoclonal antibody immobilization of platelet antigens (MAIPA) 
assay is accepted as the gold standard test for the detection of platelet anti-
bodies, however, it requires fresh platelets from HPA-genotyped donors, which 
is challenging for some labs. Megakaryocytes express HPA epitopes and offer 
an alternative source for detecting anti-HPA antibodies. The objective of this 
study was to assess the efficacy of a novel assay called monoclonal antibody 
immobilization of megakaryocyte antigens (MAIMA) for detecting anti-HPA 
antibodies.
Method  CD34 + cells were isolated from buffy coats of HPA-genotyped blood 
donors and were differentiated into megakaryocytes in vitro. The performance 
of the MAIMA assay was evaluated using WHO reference reagents for HPA-1a, 
HPA-3a, and HPA-5b, along with sera samples from patients who had well-char-
acterized anti-HPA antibodies.
Results  The WHO anti-HPA-1a reference reagent showed similar binding to 
megakaryocytes and platelets in MAIMA and MAIPA, respectively. On the oth-
er hand, OD values for the WHO anti-HPA-3a reference reagent were lower in 
MAIMA than in MAIPA. Anti-HPA-5b antibodies were not detectable in MAIMA. 
Patients’ sera containing anti-HPA-1a antibodies were successfully detected in 
MAIMA in all clinical samples. Moreover, OD values in MAIPA and MAIMA 
showed high correlation (r = 0.96, p < 0.001). MAIMA was reactive for samples 
with anti-HPA-3a as well as anti-HPA-3b, however, OD values were lower com-
pared to MAIPA. Interestingly, all patient samples with anti-HPA-5b antibodies 
were tested negative in MAIMA.
Conclusion  In vitro generated megakaryocytes can be used to detect anti-
HPA-1a alloantibodies. However, despite this potential, they may be less suit-
able for the detection of alloantibodies against other HPAs such as HPA-5b.
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Introduction  Through the route of the conventional secretory pathway, FVIII 
is synthesized into the ER, folded and transported into the Golgi by interacting 
with chaperones and cargo proteins [1]. The mammalian family of ATG8 pro-
teins, comprising GABARAP, GABARAPL1 and GABARAPL2, are currently being 
highly studied for their versatile roles in processes such as signaling, vesicular 
trafficking and autophagy [2]. We previously created CRISPR-cas9 knockouts 
of these genes and observed that GABARAP SKO decreased FVIII secretion (by 
25 %), GABARAPL1 and GABARAPL2 SKO increased FVIII secretion (by 50-100 %). 
We also observed a cumulative effect upon performing the DKOs (GABAR-
AP-GABARAPL1 by 35 %, GABARAP-GABARAPL2 by 95 %; GABARAPL1-L2 by 
70 %) and TKOs (increase by 30 %). Therefore, despite their subtle differences, 
they appear to play distinct roles that may be hard to distinguish due to their 
high homology and to cellular vesicle complexity.
We aim to study the differential role played by these proteins, specifically by 
looking at the levels of differential interacting partner proteins in previously 
published Mass Spectrometry data.
Method  We looked into proteomic analysis of previously published Mass Spec-
trometry data of immuno-precipitated proteins interacting with each of the 
GABARAPs, (https://doi.org/10.1038/s41467-021-23599-7[3]; https://doi.
org/10.15252/embr.201948317[4]; https://doi.org/10.1038/s41467-019-
12094-9[5]), obtained from PRIDE database (PXD024290, PXD015155, 
PXD014829, respectively).
Results  We observed the expected common pathways as well as differential 
pathways enriched for each GABARAPs protein. Upon performing GO and KEGG 
analysis, some of the common notable processes observed were related to an 
energy role in the cell, namely Mitophagy, as well as processes related to cell 
division and homeostasis. We also looked into differential pathways related to 
each protein. GABARAP presented differential pathways that were related to 
cell division and cytoskeleton. GABARAPL1 role was shown to be implicated in 
some disease pathways, where identifying the underlying functions would need 
further analysis. GABARAPL2 differential interacting partners play a role in pro-
cesses related to endosomal and lysosomal vesicular trafficking.
Conclusion  This preliminary analysis further shows that the expected diver-
gence in function of the GABARAPs is rooted in differential interaction partners, 
their cellular distributions and their bio-functions.
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