
Short-term efficacy of recombinant porcine factor VIII in patients with acquired 
factor VIII inhibitors 
 
M. ABOU-ISMAIL, S. VUYYALA, J. PRUNTY, A. SCHMAIER and L. NAYAK 

University Hospitals - Case Western Reserve University, Cleveland, Ohio, USA 

Background: Acquired hemophilia A (AHA) is a rare, often severe, bleeding disorder caused by 
antibodies against factor VIII (FVIII). Current first-line therapy includes bypass agents (BPA), which 
are challenging to dose due to inability to measure activity levels and response to therapy. 
Furthermore, high-dose BPA can lead to thrombotic events especially in the elderly (Collins, et al. Br 
J Haematol 2013). Recombinant porcine sequence FVIII (rpFVIII) was developed as an alternative to 
BPA (Kruse-Jarres, et al. Haemophilia 2015). Available data as to its efficacy, safety, and durability of 
its use has been limited due to the rarity of these patients. One series of seven patients reported 
good hemostatic efficacy (Tarantino, et al. Haemophilia 2017). De novo development of anti-porcine 
FVIII (anti-pFVIII) has been observed in a small subset of patients (Farin, et al. Blood 2014). We 
describe our institutional experience with rpFVIII in 5 treated patients. 

Objectives: Describe institutional clinical experience with rpFVIII including treatment outcomes of 
efficacy, safety and durability of use. 

Methods: In a retrospective cohort, we reviewed the medical charts of 5 patients treated with rpVIII 
at our institution between 2016 and 2018. 

Results: We identified 5 patients treated with rpFVIII at our facility, 4 of which had AHA and 1 had 
congenital hemophilia with acquired high-titer inhibitor. All 5 patients received rpFVIII indicated for 
acute bleeding, initially dosed at 100 U/kg every 12 hours or daily (Table 1). The treatment was well-
tolerated in all patients, with no adverse events noted. Initially, all 5 patients exhibited an effective 
response evidenced by increase in FVIII levels from baseline <1% to 81-170%, with normalization of 
the activated partial thromboplastin time (aPTT) and resolution of bleeding symptoms. However, in 
4 out of 5 patients (including the congenital hemophilia patient), continued treatment was 
associated with decreased efficacy of the drug as demonstrated by reversion to a prolonged aPTT 
and low FVIII levels upon infusion. The total number of doses given per patient within one 
treatment course ranged from 3 to 27 doses. Decreased efficacy was noted after an average of 14 
doses. Anti-pFVIII levels were subsequently measured in 3 patients and found to be elevated (11-20 
Bethesda units), consistent with the development of an rpFVIII inhibitor. It was assumed that none 
of the patients had preexisting porcine inhibitors prior to treatment, based on the initial 
effectiveness observed. 

Conclusions: While rpFVIII initially was effective in all patients at our institution, early development 
of anti-pFVIII antibodies decreases the efficacy of this drug. A larger study is needed to assess the 
incidence of anti-pFVIII antibody formation in treated patients, since our clinical experience 
suggests that initial use of rpFVIII is limited due to rapid development of an inhibitor. However, its 
initial ability to control acute bleeding remains extremely valuable in the management of this 
disorder. 



 
Table 1 



  

Risk Factors and Outcomes of Deep Vein Thrombosis in Pediatric Osteomyelitis 
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1Kaiser Permanente, Anaheim, California, USA; and 2Phoenix Children's Hospital, Phoenix, Arizona, 

USA 

Background: Estimates of the incidence of DVT in patients with osteomyelitis range widely from 5%-
30%, however risk factors and outcomes of DVT in this cohort have not been thoroughly 
established. 

Objectives: This study aims to estimate the incidence of DVT in patients with osteomyelitis, and to 
assess risk factors and outcomes of DVT. 

Methods: After IRB approval, a retrospective chart review was conducted for patients aged 0-18 
years seen at Phoenix Children’s Hospital between 2012-2016 with ICD 9/10 codes for 
osteomyelitis. Exclusion criteria included chronic recurrent multifocal osteomyelitis, and chronic 
DVT. Demographics, clinical factors and outcomes were compared between osteomyelitis patients 
with and without DVT using the Fisher-exact and Wilcoxon-rank sum tests, as appropriate for the 
data distribution. 

Results: A total of 179 study subjects with osteomyelitis had a mean (standard deviation) age of 8.4 
(5.7) years. DVT was present in 14 (8% of 179) patients, and 4 (28%), 5 (36%) and 5 (36%) patients 
received anticoagulation for < 6, 6-12 and ≥12 weeks, respectively. Patients with vs without DVT 
were more likely to be male (86% vs 59%; p-value=0.05), and had significantly higher rates of 
bacteremia (64% vs 24%; p-value=0.003). Rates of central lines were comparable between DVT and 
non-DVT patients (71% vs 68%; p-value=1.00); however, patients with DVT vs without DVT had 
significantly longer mean length of stay (18 vs 9 days; p-value <0.0001) and higher rates of ICU 
admission (71% vs 16%; p-value <0.0001). 

Conclusions: The incidence of DVT among osteomyelitis pediatric patients was estimated at 8%, 
with risk increased by male sex and bacteremia. Patients with DVT had significantly higher rates of 
ICU admission and longer length of hospital stay. Many of these patients had standard practice 
management of their DVT with 6-12 weeks of anticoagulation underscoring the need for future 
efforts targeting DVT prophylaxis. 
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Background: In October 2017, the American College of Obstetricians and Gynecologists (ACOG) 
endorsed the use of tranexamic acid (TXA) to treat postpartum hemorrhage (PPH). 

Objectives: The purpose of this study was to describe characteristics and outcomes of women 
receiving TXA in the peripartum period using a multicenter national hospital-based data set. 

Methods: Data was obtained from Universal Health Services data base and included individuals who 
were part of a multicenter retrospective cohort study. All delivery types were included. Patients 
under the age of 18 or above the age of 50 were excluded. Patients were grouped based on 
whether or not TXA was administered and their demographics and outcomes were compared. Chi-
square was used to compare pre-delivery variables and outcomes by TXA use, and TXA use prior to 
vs after the 4th quarter of 2017. Logistic regression was used, with an interaction term for region by 
time, to examine whether the time change in TXA use varied across regions, and whether the time 
effect remained significant after adjusting for region. 

Results: Of the 103,617 patients included, TXA was used in 133 patients in the peripartum period. 
Those who received TXA were more likely to have diagnosed EBL > 1000 cc (58% vs 6%), blood 
transfusion (46% vs 0.4%), ICU admission (12% vs 0.1%), history of postpartum hemorrhage (26% vs 
2%), placenta previa (4.5% vs 0.3%, p<0.0001), anemia with hematocrit less than 32% (30% vs 16%) 
and magnesium for neuroprotection (23% vs 5%) compared to those who did not (p<0.0001 for all 
comparisons, Table). There was no significant difference in rate of deep venous thrombosis or 
pulmonary embolism between groups. Additional perinatal outcomes are presented (Table). TXA 
was used in 107 cases (0.1%) before Q4-2017, versus 26 cases (0.3%) after and including Q4-2017, a 
significant increase (p<.0001). This effect remained significant after adjusting for region (aOR for 
post vs pre 2.65 [95% CI 1.72-2.07], p<.0001). The sector by time interaction was non-significant 
(p=.80), indicating that regions had similar time effects in TXA use. TXA use was highest in the last 
quarter of 2018, with the East sector reporting higher rates compared to all other regions (Figure). 

Conclusions: Women who received TXA at delivery were more likely to have cesarean delivery, EBL 
>1000 cc, blood transfusion, and ICU admission, among other complications or comorbidities. Our 
findings suggest that obstetricians are most likely using TXA in the treatment of postpartum 
hemorrhage. The risk of venous thromboembolism was not increased with peripartum TXA use. A 
larger cohort analysis will be required to assess whether there are lower rates of hemorrhagic 
complications pre- and post-publication of the ACOG guidelines. 

 



 

 

 
Perinatal outcomes in women with and without TXA use at delivery 



 
Percent of pregnant patients receiving TXA by quarter and by sector 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Travel Award and Oral Presentation 

An Antifibrinolytic Treatment Pathway for Hemoptysis in Adults with Cystic Fibrosis 
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Background: Hemoptysis is a major cause of morbidity and mortality in patients with cystic fibrosis 
(CF). Beyond bronchial artery embolization (BAE) for massive or persistent hemoptysis, data are 
limited for use of hemostatic therapies for hemoptysis management. In addition to reducing 
morbidity from acute hemoptysis episodes, early use of antifibrinolytic agents to decrease severity 
of recurrent hemoptysis may also slow the chronic lung function decline in CF patients. We 
developed a clinical antifibrinolytic treatment pathway for inpatient and outpatient management of 
hemoptysis in CF patients at our institution. 

Objectives: To assess the feasibility, safety and effectiveness of a clinical antifibrinolytic treatment 
pathway to treat hemoptysis in the adult CF population. 

Methods: All CF patients prospectively treated with systemic antifibrinolytic agents according to the 
treatment pathway were analyzed. Data collected included demographics, baseline CF-related 
characteristics, and bleeding and treatment parameters. Effectiveness of the pathway was 
evaluated via comparison of annualized hemoptysis admission rate before and after pathway 
enrollment using the paired t-test. 

Results: 72 distinct episodes of hemoptysis treated with antifibrinolytic agents occurring in 21 adult 
CF patients were analyzed. Most patients were initiated on the antifibrinolytic treatment pathway 
(Figure 1) after more than 10 prior episodes of hemoptysis. The median age was 29 (range, 21-74) 
and 40% of patients were female. 79% of patients had prior BAE. 66% of episodes treated on 
pathway involved moderate (30-240 mL) or massive (>240 mL) hemoptysis and 72% of episodes 
required hospital admission. No patients had an underlying bleeding disorder and one patient was 
on chronic anticoagulation for prior venous thromboembolism. Outpatient treatment resulted in a 
50% reduction in annualized hemoptysis admission rate following pathway enrollment (2.44 vs. 1.23 
admissions per year, P=0.0024). Magnitude of reduction in admissions was similar in patients 
receiving cystic fibrosis transmembrane conductance regulator (CFTR) modulators (47%) and those 
who were not (51%). Pathway enrollment was effective in reducing admissions for hemoptysis 
regardless of baseline admission frequency prior to pathway enrollment, Figure 2. Overall, bleeding 
ceased after a median of two days with antifibrinolytic use and therapy was well-tolerated. One 
central catheter-associated upper extremity deep vein thrombosis was observed in a patient with 
prior thrombosis in the same vessel. 



Conclusions: The use of outpatient, on-demand systemic antifibrinolytic therapy is feasible in CF 
patients with hemoptysis and results in reduction in hospital admissions without an observed 
increase in adverse events. Additional studies are needed to further define these benefits. 

Acknowledgements: Hanny Al-Samkari is the recipient of the National Hemophilia Foundation-Shire 
Clinical Fellowship Award, which provides partial salary support. 

 

 
Figure 1. Hemoptysis antifibrinolytic treatment pathway. Initiation may occur as outpatient or 
inpatient. 

 
Figure 2. Waterfall plot showing percent change in annualized hemoptysis admission rate after 
pathway enrollment. 



Glycoprotein-Specific Direct Platelet Autoantibody Testing in Immune 
Thrombocytopenia: A Modern Reassessment 
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Background: Although platelet autoantibody (PA) testing has shown poor sensitivity for ITP 
diagnosis in prior studies, no prior study used both 2011 American Society of Hematology (ASH) 
guidelines for ITP diagnosis and 2012 International Society for Thrombosis and Haemostasis (ISTH) 
recommendations for PA testing. 

Objectives: Perform a comprehensive retrospective study of PA testing in ITP applying modern ASH 
and ISTH criteria to determine the test characteristics of GP-specific PA testing for the diagnosis of 
active ITP and clinical remission. Assess for a relation between serology and clinical features. 
Evaluate serologic changes over time. 

Methods: Clinical and laboratory testing data was collected. Test characteristics for diagnosis of 
active ITP (utilizing first PA assay obtained) and ITP in remission (utilizing all assays collected in 
clinical remission) were calculated. Logistic regression was used to model the probability of disease 
severity (non-severe, severe, or refractory per ASH guidelines) and treatment response based on 
serologic findings. Longitudinal serologic evolution was evaluated. 

Results: Of 986 PA assays performed, 533 assays performed in 415 patients satisfied all 5 ISTH 
recommendations. 360 assays in 260 ITP patients meeting ASH ITP diagnostic criteria and 125 assays 
in 108 control patients with thrombocytopenia and a confirmed non-ITP diagnosis were included. 
Sensitivity and specificity of a positive test for diagnosis of active ITP (N=228 patients) were 90% and 
78%, respectively. Sensitivity and specificity of a negative test for clinical remission (N=61 assays) 
were 87% and 91%, respectively. Antibodies against both GPIIb/IIIa and GPIb/IX were required for 
the presence of antibodies against GPIa/IIa (Figure 1). Multinomial logistic regression including 
disease severity, age, sex, disease duration, and platelet count found a significant predictive relation 
between an increasing number of positive antibodies and disease severity [relative to non-severe 
ITP, relative risk ratio for severe ITP and refractory ITP was 2.27 (P<0.001) and 3.09 (P<0.001), 
respectively, per one additional positive antibody, Figure 2]. No clinically-significant relation was 
found between serologic findings and treatment response to glucocorticoids, IVIG, or TPO-RAs. 64 
ITP patients had multiple (2 to 5) PA assays performed over time: all 10 patients who entered 
clinical remission also converted from a positive to a negative serology; 28 patients had stable 
findings; 7 patients had a reduction in number of positive antibodies; and 19 patients demonstrated 
epitope spreading (acquired additional positive antibodies). 

Conclusions: GP-specific direct PA testing performed utilizing ISTH recommendations in patients 
meeting ASH ITP diagnostic criteria is sensitive and specific for ITP diagnosis and reliably confirms 
clinical remission. More positive GP-specific autoantibodies predict for more severe disease. 
Autoantibodies occur in specific serological patterns and epitope spreading is observed over time. 



 
Figure 1. Results of platelet autoantibody testing in ITP patients. 



 
Figure 2. Multinomial logistic regression model of probability of disease severity in patients with 
active ITP based on number of glycoprotein-specific autoantibodies (error bars represent 95% 
confidence intervals). 



Heavy Menstrual Bleeding in Adolescent Females with Platelet Function Disorders 

L. AMOS and S. CARPENTER 

Children's Mercy Hospital, Kansas City, Missouri, USA 

Background: Heavy menstrual bleeding (HMB) occurs frequently in adolescent females with 
bleeding disorders. As diagnostic techniques for platelet function disorders (PFD) improve, these 
disorders are now recognized to commonly cause HMB. Limited data exists about the prevalence of 
PFD in adolescents with HMB. Even less is reported on management and treatment outcomes in 
these patients. 

Objectives: Objective was to evaluate the prevalence, clinical features, management, and outcomes 
of HMB in adolescent females with platelet function disorders. 

Methods: A retrospective, single center chart review was performed of female patients aged 9-21 
years with HMB and a diagnosed PFD treated at a tertiary care pediatric hospital from January 1, 
2000 until December 31, 2017. Heavy menstrual bleeding was defined as menses lasting longer than 
7 days, use of 8 or more pads or tampons per day during menstrual cycle, pictorial bleeding 
assessment chart score greater than 100, or symptomatic anemia. Patients were identified from our 
Hemophilia Treatment Center (HTC) registry, review of a comprehensive clinic staffed by pediatric 
hematologists and gynecologists for adolescent females with HMB and bleeding disorders, and by 
an Electronic Medical Record (EMR) query of admission and discharge diagnoses of HMB and 
anemia. Data obtained included demographics, clinical features, laboratory results, treatment 
modalities, and outcomes. 

Results: 41 patients were identified. 36 (88%) met criteria for HMB. The median age at presentation 
of HMB was 14 years (range 10-18). 35/36 patients had documented abnormal platelet 
aggregometry (PA) and the majority (27/35) had at least 2 sets of abnormal PA. All patients were 
diagnosed with non-specific PFD. 15 of the 36 patients (41%) required hospitalization and packed 
red blood cell transfusion for severe anemia at time of presentation. Mean and median hemoglobin 
at presentation of HMB respectively were 9.5 gm/dL and 11.3 gm/dL (range 3.1-14.8) and 21 
patients (58%) were anemic at presentation. 26 patients had ferritin obtained at presentation and 
18 (69%) were iron deficient using our lab’s reference range of ferritin less than 13 ng/dL. 18/36 
(50%) failed first-line treatment. Successful first-line treatment included hormonal therapy (4 
patients), hemostatic therapy with tranexamic acid (4 patients), hormonal plus hemostatic therapy 
(7 patients), and intra-uterine device plus hemostatic therapy (1 patient). The mean duration of 
HMB until report of resolution was 8.2 months (median 5 months; range 1-24). 8% (3/33) of 
patients reported continued HMB at last documented clinic visit. 

Conclusions: HMB occurred in the majority of adolescent female patients with PFD. These patients 
were frequently anemic and iron deficient. Severe and life-threatening anemia requiring 
hospitalization and packed red blood cell transfusion was common. First line treatment of HMB was 
not uniform and failed in 50% of the patients. Prospective studies are needed to standardize 
treatment of HMB in adolescents with PFD. 



Protease-activated receptor 4 limits H1N1 influenza A virus infection 

S. ANTONIAK, K. TATSUMI, C. SCHMEDES, E. BUTLER and N. MACKMAN 

University of North Carolina at Chapel Hill, Chapel Hill, North Carolina, USA 

Background: Protease-activated receptor (PAR) 4 is the major thrombin-receptor on mouse 
platelets. In addition, it expressed within the lung and on immune cells. Previous studies have found 
crosstalk between PARs and toll-like receptors (TLRs), including TLR3. 

Objectives: Here we investigated the effect of global PAR4 deficiency on H1N1 influenza A virus 
(IAV) of the lung. 

Methods: PAR4-/- and wild-type (WT) mice were exposed to the TLR3 agonist poly IC via intranasal 
application (100µg in 50µL PBS) 3x every 24 hours and the innate immune response was analyzed at 
day 3. In addition, progression of IAV infection (0.02 HAU mouse adapted H1N1 IAV/Puerto 
Rico/8/1934) of the lung was compared between infected PAR4 deficient and WT mice. 

Results: Poly IC administration significantly increased lymphocyte and monocyte numbers in the 
airspace of PAR4-/- mice compared to WT mice (Figure A,B). Moreover, PAR4 deficiency was 
associated with a more pronounced H1N1 IAV infection 5 days after infection with increased 
cytokine/chemokine levels (Figure C,D) and increased immune cell infiltration in the lung airspace 
(Figure E-G) compared to WT mice. The more severe H1N1 IAV infection in PAR4-/- mice was 
associated with more pronounced lung injury (Figure H) and death (Figure I) compare to infected 
WT mice. 

Conclusions: Our study suggest that PAR4 limits H1N1 IAV infection by inhibiting proinflammatory 
TLR3-dependent immune responses. The proposed use of PAR4 antagonists as potential 
antithrombotic approach might increase the risk and severity of certain virus infections including 
IAV. We are currently investigating the cellular source of protective PAR4 using conditional PAR4 
knock-out mice. 

 

 

 

 

 

 

 

 



Figure legend: Numbers of lymphocytes (A) and monocytes (B) in the BALF after 3 x application of 
PBS or poly IC (100ug) in WT and PAR4-/- mice. Levels of CXCL1 (C) and MCP-1 (D) in the BALF 5 days 
after IAV infection in WT and PAR4-/- mice. Numbers of neutrophils (E), lymphocytes (F) and 
monocytes (G) in the BALF of WT and PAR4-/- mice 5 days after IAV infection. Lung injury was 
quantified by total protein content in BALF 5 days after IAV infection (H). Survival (I) of WT and 
PAR4-/- after IAV infection. # P<0.05 vs PBS of respective genotype, * P<0.05 

 
PAR4 reduces TLR3-dependent immune responses. 



Cardiac Complications in Antiphospholipid syndrome: Data from Nationwide 
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Background: Antiphospholipid syndrome (APS) has been associated with serious cardiac 
complications including myocardial infarction, arrhythmia, valvular heart disease, cardiogenic shock 
and heart failure. These complications are believed to be the sequelae of thrombi leading to 
infarction in cardiac tissue. However, the evidence for this association is derived from case reports 
and case series, therefore the true incidence of cardiac complications in APS is unknown. 

Methods: We used the National Inpatient Sample (NIS) from the year 2016 to identify 
hospitalizations in patients ≥18 years with a diagnosis of Antiphospholipid syndrome, using ICD-10-
CM Codes D68.61 and D68.62 for APS and Lupus anticoagulant syndrome, respectively. NIS is the 
largest all-payer publicly available inpatient care database in the US. NIS-2016 includes data from 47 
statewide data organizations, representing almost 96 percent of discharges from U.S. community 
hospitals (about 7 million discharges/ year). ICD-10-CM codes were used to identify any of the 
following coded cardiac complications: 1) arrhythmias, 2) acute myocardial infarction (AMI) , 
including patients who received coronary stenting or coronary artery bypass grafting, 3) cardiogenic 
shock, 4) acute heart failure 5) conduction abnormalities, and 6) valvular heart disease (mitral and 
aortic stenosis or insufficiency). We compared various baseline demographic and hospital 
characteristics as well as hospital outcomes between APS hospitalizations with or without cardiac 
complications. Data analysis was done using STATA version 13.0 (College Station, TX). 

Results: The mean age of our APS cohort with cardiac complications was 60, and the majority of 
patients were Caucasian (70%). Of the sample 7,489 APS sample hospitalizations (weighted 
estimate, N=37,445), 27.51 % (N=10,300) developed at least one of the above cardiac 
complications. Compared to those with APS and no reported cardiac events, dyslipidemia (p<0.01), 
peripheral vascular disease (p<0.001), acute kidney injury (p<0.001), chronic kidney disease (CKD) 
(p<0.001), stroke (p=0.001), sepsis (p<0.001) and coronary artery disease (CAD( (p<0.001) were 
more likely in patients with cardiac complications (Table 1). Patients with APS and cardiac 
complications had significantly longer length of stay (7.94 vs 5.96 days, p<0.001) and a fivefold 
higher inpatient mortality (5.3% vs. 0.94%) than those with no cardiac complications. 

Conclusions: Patients with APS and cardiac complications have higher rates of traditional risk 
factors and associations (dyslipidemia, peripheral vascular disease, CKD and known CAD) than those 
without cardiac complications, as well as significantly higher rates of inpatient mortality. Whether 
aggressive risk factor modification would modify these risks is a matter for future study. 



 
Cardiac complications in APS. Skilled Nursing Facility (SNF), Intermediate Care Facility (ICF), Home 
Health Care (HHC), Against Medical Advice (AMA). AKI = Acute Kidney Injury; CAD = Coronary Artery 
Disease; CKD = Chronic Kidney Disease; DM = Diabetes Mellitus; PVD = Peripheral Vascular Disease 



  

Acidic and Basic Residues within Factor V B-domain Impacts Downregulation by APC 
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Background: The inactive procofactor state of factor V (FV), is preserved by discrete molecular 
interactions within its B-domain including the conserved acidic (AR2, residues 1491-1537) and basic 
regions (BR, residues 951-1008). Thus, proteolytic activation or molecular defects resulting in the 
loss of the BR residues as reported in FV-short generates a functionally active cofactor molecule. 
Physiologic BR mimetics such as the basic C-terminus of TFPIα bind tightly to the available AR2 in 
FV-short limiting its cofactor function. 

Objectives: This study investigates the mechanism dictating the differential APC-mediated 
inactivation of procofactor versus cofactor molecule by exploiting the high affinity interaction 
between FV BR and (or) TFPIα and FV-short. 

Methods: We monitored membrane-dependent APC-mediated proteolysis of FV/FVa species 
including FV-short in the presence of FV BR fragment, C-terminal-derived TFPIα BR fragment or full 
length TFPIα. Cleavage products were visualized with anti-FV heavy chain monoclonal antibodies, 
and the residual cofactor activity was assessed by thrombin generation assays. Binding kinetics 
parameters were defined by fluorescence assays. 

Results: We observed that FV-short and FVa are inactivated similarly by APC. Conversely, FV BR 
fragments, TFPIα BR fragments, or TFPIα all significantly reduced APC-catalyzed inactivation of FV-
short with greater than 80% of the starting material remaining compared to the controls following 
15 min of incubation. Similarly, in functional assays, our data showed a greater than 10-fold 
impaired rate of thrombin generation potential in the presence of BR fragments vs. its absence. 
Interestingly, using well characterized FV-810 variants (FV-810 R306Q, and R506Q) revealed that 
TFPIα and the BR fragments obstruct cleavage at R506 suggesting that like in FV, the BR somehow 
alters the ability of APC to engage FV-short at this site. Furthermore, TFPIα and the BR fragment had 
no obvious effect on cleavages at R306 and R679. Consistent with data showing a high affinity 
interaction between TFPIα-BR and AR2 of FV-short in our fluorescence studies, these results show 
the FV-short-TFPIα complex is resistant to APC proteolysis. 

Conclusions: These findings suggest that the internal BR of FV has a major impact on APC-mediated 
inactivation of the procofactor molecule. Thus, not only does TFPIα via its C-terminus block the 
procoagulant function of FV-short species, it also protects it from clearance by the protein C 
pathway in plasma. 



Assessing the Utilization of Advanced Care Planning Tools in Patients with Bleeding 
Disorders 

S. AZAR1, R. BARNES1 and A. VON DRYGALSKI2 
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Background: Hemophilia patients are now aging with a chronic, but potentially rapidly fatal disease, 
associated with severe co-morbidities and complications. This warrants appropriate advanced care 
planning strategies. The adaptation and implementation of advanced care planning tools has gained 
increased traction in other congenital diseases such as cystic fibrosis. However, little is known about 
practices in Hemophilia and other bleeding disorders. 

Objectives: To understand the type and utilization frequency of advanced care planning tools in 
relation to patient profiles in patients with bleeding disorders. 

Methods: Assessment of all active patient charts with bleeding disorders at the Hemophilia & 
Thrombosis Treatment Center of the University of California, San Diego. The presence of a 
completed advanced care planning tool (Advanced Directive, Physician Orders for Life Sustaining 
Treatment, Voicing My Choices, Five Wishes, or Living Will) as well as patients’ demographics, 
diagnoses, and comorbidities were recorded and analyzed. 

Results: Charts of 218 patients were reviewed (n=106 in Hemophilia; n=52 in von Willebrand 
Disease; n=58 in other bleeding disorders including platelet and fibrinolytic disorders). A completed 
advanced care planning tool was identified in only 11% of patients (n=24 of 218). Completion of an 
advanced care planning tool was dependent on age (OR 1.33 for each decade of life [95% CI 1.05-
1.69, p = <0.017]) or presence of comorbidities (OR 1.37 for each added comorbidity [95% CI 1.13-
1.65, p = <0.0011]). Dependent on the age group only 5-8% of patients under age 60 had an 
advanced care planning tool in place. This number rose to 27% for patients ≥ age 60. For a given 
age, a patient with an advanced care planning tool in place had more comorbidities than a patient 
of similar age who had no tool in place. 

Conclusions: Advanced care planning tools in patients with Hemophilia and other bleeding disorders 
are underutilized, especially in younger patients with fewer comorbidities. This demonstrates the 
need for the development of disease-specific and age adjusted tools to enable patients to 
effectively communicate their goals of care. Towards this end, a multicenter assessment of bleeding 
disorder patients’ opinions on multiple facets of advanced care planning is in development to design 
innovative care planning tools for further study in this patient population. 



Blood Type Association with Bleeding Outcomes at Delivery in a Large Multi-Center 
Study 

N. BADE, R. AMDUR and H. AHMADZIA 

George Washington University, Washington, District of Columbia, USA 

Background: Blood group O has been associated with 25-35% lower levels of von Willebrand factor 
(VWF) than non-O blood groups. The mechanism for this is uncertain; however, ABO oligosaccharide 
antigens on circulating VWF are implicated in several studies. Women with VWD are at higher risk 
for postpartum hemorrhage (PPH). It is therefore important to define if women with type O blood 
are at higher risk of PPH. 

Methods: This retrospective cohort analysis of a multi-center database included women admitted 
to labor and delivery from January 2015 to June 2018. We included all deliveries (both cesarean and 
vaginal) resulting in live birth. Associations between blood type O and non O (A, AB, B) were 
examined using Chi square test and Fishers exact test where appropriate. Incidence of red blood cell 
transfusion, hematocrit before and after delivery, and postpartum hemorrhage (estimated blood 
loss greater than 1000mL) were compared in both groups. 

Results: A total of 108,552 patients were included, 52263 with blood type O (51.6%) and 49037 
(48.4%) with non-O blood type (Table 1). 555 patients (0.5%) received blood transfusion while 7252 
patients (6.7%) had estimated blood loss greater than 1000 mL. Blood type O was not significantly 
related to blood transfusion (p=0.33). There was however a significant difference in blood loss 
greater than 1 Liter by blood type (p=0.001) and specifically EBL of greater than 1 Liter lower in type 
O patients (p=0.005). A total of 92,936 patients who had required data were included for analysis of 
hematocrit (hct) change, 51,527 had hct drop of up to 5%, 29810 with >5-10%, 3657 >10-15%, and 
264 with decrease >15%. Decrease in hematocrit from pre to post-partum was significantly 
associated with blood type and type O blood type (p=0.002). Patients with type O blood type more 
frequently had >15% decrease in hematocrit compared to other blood types (Table 2). 

Conclusions: Blood type O is significantly related with drop in hematocrit but this does not translate 
to increased transfusion requirement. This finding may be due to sample size and due to varying 
practices amongst practitioners regarding performing transfusion. Decrease in hematocrit in type O 
patients may very well be related to lower VWF in type O patients. 



 
Table 1. Association of blood type with estimated blood loss and transfusion 



 
Table 2. Association of pre to post-partum HCT drop with blood type 



Patient Satisfaction with US Hemophilia Treatment Centers: National Trends 2014 
and 2017 

J. BAKER1, S. LATTIMORE2, B. RISKE3, M. ASHTON3 and R. SHEARER3 

1Center for Inherited Blood Disorders and UCLA, Santa Ana, California, USA; 2Oregon Health and 

Science University, Portland, Oregon, USA; and 3University of Colorado, Denver, Denver, Colorado, 

USA 

Background: Hemophilia Treatment Center (HTC) care reduces mortality (Soucie et.al. Blood 2000) 
and hospitalizations (Soucie et.al. Haemophilia 2001), and national guidelines recommend the 
integrated team model. Yet data on the patient experience of HTC care and the value of team 
members is limited (Pai et.al Haemophilia 2016). 

Objectives: To assess the satisfaction with HTC services and clinicians by US patients. 

Methods: The US HTC Network (USHTCN) conducted the first ever nationally uniform patient 
satisfaction surveys on care received in 2014 and 2017. A Regional workgroup devised, piloted, and 
finalized an electronic, two-page survey for self-administration at clinic, or at home, in English or 
Spanish. Content was based on national instruments to enhance comparability and scientific 
robustness. Questions assessed demographics; satisfaction with HTC team members and services; 
insurance and language barriers. Open-ended questions sought qualitative data. Respondents were 
anonymous but identified their HTC. Participation was voluntary. Patients with HTC contact in 2014 
and 2017 were eligible. Data was collected for 4 months in 2015 and 6 in 2018; an average of 130 
HTCs (94%) from all US regions participated. Parents completed surveys for children under age 18. 
Data were entered, analyzed and aggregated at national, regional and HTC levels at a central site. 

Results: 5006 and 4767 persons participated, respectively in 2015 and 2018. In both years, over 
1400 (30%) respondents were female, nearly 80% were White, and 10% Hispanic. On average, 3038 
had Factor 8 or 9, 1280 Von Willebrand, 186 had other factor deficiencies and 269 other bleeding 
disorders. Respondents reported being ‘always’ or ‘usually’ satisfied with HTC staff and services 
from 90% - 97% of the time in both 2014 and 2017. With >4400 giving these highest ratings for HTC 
Hematologists and Nurses; >3700 rating HTC Nurse Practitioners; 3300 rating Social Workers; >2600 
rating Physical Therapists; and >1100 rating Psychologists. Genetic Counselor use grew from nearly 
1200 to nearly 1600, highest satisfaction ratings growing from 84% to over 96%. 96% were ‘always’ 
or ‘usually’ satisfied with overall HTC services. Over 95% gave these highest satisfaction ratings for 
these services: getting needed care and information, being treated respectfully, spending sufficient 
time with staff, and involved in shared decision making. 82% and 91% of of respondents, 
respectively gave these highest satisfaction ratings for care coordination with primary care 
providers and other specialists. Satisfaction ratings regarding teen transition were 90% and over. 
Insurance and language barriers to HTC care posed problems ‘usually or always’ for 20% and 18%, 
respectively. 

Conclusions: Patients consistently report high levels of HTC team satisfaction, documenting HTC 
value. A national uniform survey is feasible to conduct using the USHTCN’s regional structure to 
implement, is well received by patients, and provides valuable information. 



Feasibility, immature platelets, transfusion medicine 

T. BAT1, O. MAGUIRE1, A. BUCK1, E. WANG1 and J. CINQUINO2  

1Roswell Park Comprehensive Cancer Center, Buffalo, New York, USA; and 2University at Buffalo, 

Buffalo, New York, USA 

Background: The ability to identify and isolate immature or young platelets from mature platelets 
for assessment of their overall functionality and capacity for in vitro expansion is an important issue 
in clinical transfusion medicine given platelet shortages and life-threatening thrombocytopenia in 
cancer patients. Measurement of immature platelets based on higher RNA content has been in 
clinical use for various clinical conditions. 

Objectives: Here we evaluated the feasibility of sorting immature platelets from peripheral blood 
platelet by using flow cytometric (FACS) methods. 

Methods: The immature platelet fraction (IPF) was sorted by using FACS method based on their 
RNA content from peripheral blood with Thiazole orange (TO) staining, collected from 5 healthy 
donors. 

Results: Sorting immature platelets with 0.5 µg/mL TO concentration in the range of 2.85% to 
8.28%. This measurement also validated with standard Sysmex XE measurement. 40 % of immature 
platelets get activated that was measured by CD62p staining. 

Conclusions: This study is the first to demonstrate the feasibility of identifying and sorting immature 
platelets using flow cytometer for TO staining. Sorted platelets needs to be obtained from apheresis 
platelet as next step. Immature platelets from apheresis platelets will need to be evaluated for 
functionality, phenotype, and in vitro expansion capabilities as a future possible source of novel 
auto-platelet transfusions. 



Safety and Efficacy of Catheter-Directed Thrombolysis for Submassive Pulmonary 
Embolism in Children: An Observational Study 

J. BELSKY, P. WARREN, J. STANEK and R. KUMAR 

Nationwide Children's Hospital, Columbus, Ohio, USA 

Background: Incidence of venous thrombo-embolism, including pulmonary embolism (PE) continues 
to rise in children. Optimum management of submassive PE in children remains unclear. More 
specifically, the need for upfront lytic therapy in this cohort is unknown. At Nationwide Children's 
Hospital (NCH), we have offered catheter-directed thrombolytic therapy (CDT) to high risk patients 
with submassive PE who have (i) evidence of right ventricular hypokinesis on echocardiogram, 
and/or (ii) elevated troponins at diagnosis. 

Objectives: The principal objective of this retrospective cohort study was to investigate the 
radiological and clinical outcomes in children with submassive PE treated with CDT at NCH over an 
eight-year period (January 1, 2010 to June 31, 2018). 

Methods: Permission for the retrospective study was obtained from the Institutional Review Board. 
ICD-9-CM codes were used to identify children (ages: 0-21 years) diagnosed with PE during the 
study period. Submassive PE was defined per American Heart Association guidelines as acute PE 
without evidence of systemic hypotension, but echocardiographic evidence of right ventricular 
dysfunction and/or elevated troponin levels. Baseline demographic, clinical and radiological data 
were extracted for patients who received upfront CDT. Data was summarized using descriptive 
statistics. 

Results: Sixty-nine unique patients were treated for PE over the study period, with 11 subjects 
meeting diagnostic criteria for submassive PE. Of these, 5 individual patients (2 female) underwent 
6 episodes of CDT. Median age at PE diagnosis was 14.4 years and median troponin level at 
presentation was 0.453ng/mL. Upfront management consisted of evacuation and reduction of acute 
intraluminal thrombus content via suction thrombectomy or mechanical clot disruption. Following 
clot reduction an infusion catheter was placed into the artery for catheter-directed lysis. All patients 
received fixed-dose unfractionated heparin during alteplase infusion. Median duration of alteplase 
therapy was 17.8 (range: 11.5 – 72.5) hours. No subject developed major/clinically relevant non-
major bleeding per International Society on Thrombosis and Haemostasis criteria. Patients were 
transitioned to either low molecular weight heparin, warfarin, or a direct oral anticoagulant and 
remained on anticoagulation therapy for a median of 6.1 (range: 2.9 – 27.5) months. Four (67%) 
patients showed complete thrombus resolution, one (17%) showed partial resolution, and one has 
ongoing therapy. On follow up imaging, no patient had evidence of chronic thrombo-embolic 
pulmonary hypertension (CTEPH) on screening echocardiogram. 

Conclusions: We present the first pediatric study on CDT for children with submassive PE. Majority 
of patients had clot resolution and no patient was found to have evidence of CTEPH. Additionally, 
no patients developed significant peri-procedure hemorrhage. Our data suggests that catheter-
directed lysis in patients at high risk of acute decompensation is safe and effective. 



 
Table 1: Patient Characteristics 



High prevalence of low albumin levels in children with thrombosis - a retrospective 
study 
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Background: The incidence of thromboembolism in children has been steadily increasing for the 
past decade, attributed in part to increased utilization of central venous catheters (CVCs). Patients 
with protein losing disorders (PLDs) such as nephrotic syndrome, congestive heart failure, and 
gastrointestinal malabsorption have been proposed to have an increased incidence of thrombosis. 

Objectives: We sought to determine the prevalence of PLDs and low albumin levels at the time of 
diagnosis of a thrombotic event in pediatric patients. 

Methods: We performed a retrospective study of 78 consecutive pediatric patients with a 
documented thrombotic event referred to the pediatric hematology service at University of Arizona, 
Tucson between Aug 2014 and July 2017. Data collected included patient demographics, clinical 
diagnoses, type (arterial or venous) and location of thrombosis, presence or absence of a CVC, and 
albumin level within four days of the thrombotic event. 

Results: Eighty-four thrombotic events were documented in 78 patients (age 0-23 years). A majority 
of thrombotic events 65/84 (65%) were episodes of venous thromboembolism. Forty-two (50%) of 
the 84 events were catheter-related thromboses (CRTs). CRT events occurred in 26/40 (65%) 
patients less than 12 years of age compared with 16/44 (38%) patients aged 12 to 23. (p = 0.01). 
Twenty-three thrombotic events (27%) occurred in patients with a diagnosis of a PLD; of these, 
15/23 (65%) were CRTs and 8/23 (35%) were non-CRTs. Serum albumin levels were available for 53 
thrombotic events. An albumin level below the lower limit of the reference range was noted in 
38/53 events (72%). Albumin levels were low in 16/17 (94%) events in patients with a PLD and 
22/36 (61%) of patients without a PLD. Low albumin levels were documented in 29/31 (94%) of 
CRTs compared with 11/22 (50%) non-CRTs (p = 0.002). 

Conclusions: In this retrospective analysis of pediatric patients, 50% of the documented thrombotic 
events were catheter-related and 27% occurred in patients with protein losing disorders. 
Remarkably, a low level of serum albumin was documented in 72% of patients with thrombosis, 
including over 90% of patients with PLD or CRT. We conclude that low albumin levels are very 
common among pediatric patients with thrombosis. Additional studies are needed to define the 
value of serum albumin in thrombotic risk prediction tools and further explore potential 
prothrombotic mechanisms. 



Comparison of Ideal Versus Actual Body Weight Factor Dosing in Hemophilia A 
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4Washington Center for Bleeding Disorders, Seattle, Washington, USA 

Background: Hemophilia A is an X-linked genetic disorder resulting in bleeding due to factor VIII 
deficiency. Prophylactic administration of factor concentrate several times a week to prevent 
bleeding is standard of care [Manco-Johnson, et al, NEJM 2007]. Factor dose is based on a patient’s 
actual body weight (ABW), and factor circulates in the plasma with minimal distribution into the 
adipose tissue. Although plasma volume increases with body mass, it is not proportional. The 
current standard of calculating a patient’s dose on ABW may overestimate the appropriate factor 
dose and lead to unnecessary health care cost. We sought to evaluate if factor dosing based on 
ideal body weight (IBW) would result in adequate factor levels in overweight and obese patients. 

Objectives: To compare the pharmacokinetics (PK) of ideal versus actual body weight dosing of 
factor concentrate in overweight and obese (BMI ≥25) participants with hemophilia A. 

Methods: Overweight or obese participants (based on calculated BMI (age 20 years and older) or by 
the McLaren method (ages 12- 19 years)) age 12 and up diagnosed with any severity of hemophilia 
A were enrolled in a randomized, prospective, multicenter, open-label, crossover study comparing 
the pharmacokinetics of ideal vs. actual body weight factor dosing. Participants underwent 
pharmacokinetic testing following a 50 unit/kg (+/-20%) factor dose based on ABW and IBW, the 
order determined by randomization. Participants used their personal brand of factor. Standard and 
extended half-life products were included. 

Results: Sixteen participants, age 12 to 53 years (median 21.5 years) and BMI of 25.6 to 41.8 
(median 31.3) underwent PK testing following an ABW and IBW-based factor dose. Participants 
dosed based on ABW (Figure 1) achieved 140% of expected recovery on average (range 83% to 
196%). One participant receiving ABW based dosing achieved lower recovery than expected. All 
others had peak recovery 10-96% above expected (average 44%). Participants dosed based on IBW 
(Figure 2) achieved 100% of their expected recovery on average (range 56% to 137%). Eight of 16 
patients (50%) did not achieve expected recovery. Six of these by less than 10%. Two subjects 
achieved only 56% and 79% expected recovery. The remaining eight subjects achieved higher 
recovery than expected. Age, brand of factor concentrate, degree of obesity and height did not 
appear to impact these results. 

Conclusions: This study shows that ABW factor dosing for overweight and obese patients leads to 
higher than desired peak factor VIII levels, which may lead to unnecessary healthcare costs. When 
IBW dosing was used, 50% of patients achieve a recovery less than expected, but most by less than 
10%. Based on these results, factor dosing based on IBW may be sufficient to achieve desired peak 
factor VIII levels. We propose further study of an IBW dosing strategy to determine if the factor 
levels achieved provide adequate hemostasis. 

Funded by Healthcare Authorities of Washington. 



 
Figure 1 Actual Body Weight Dosing 

 
Figure 2 Ideal Body Weight Dosing 



Impact of Aspirin Timing and Route of Administration on Laboratory-Based Aspirin 
Efficacy Measurements in Pediatric General Surgery Patients 

A. BOUCHER, A. PFEIFFER, A. SHOVA, J. MARTIN and L. LUCHTMAN-JONES 

Cincinnati Children's Hospital Medical Center, Cincinnati, Ohio, USA 

Background: Evaluation of aspirin (ASA) efficacy testing in children has been limited to cardiac 
surgery. 

Objectives: We aim to evaluate laboratory-based ASA efficacy after non-cardiac pediatric surgery to 
determine the effects of patient demographics, surgical procedure, platelet count, timing of testing, 
and dosing parameters. 

Methods: This prospective, IRB-approved observational trial uses VerifyNow®-ASA (VN, Accriva 
Diagnostics, San Diego, CA) whole blood platelet aggregometry and urine thromboxane metabolite 
testing (Corgenix, Broomfield, CO) in patients ≤21 years who start ASA after non-cardiac surgery. 
Urine testing is not reported here. Research VN samples are collected 2-6 hours after an ASA dose 
on day 2 (D2), day 7 (D7), and 2-6 months after ASA initiation at a steady dose. If VN is ordered 
clinically (as ASA trough efficacy), this data is also collected. The VN manufacturer defines 
therapeutic range for ASA resistance units (ARU) as <550. VN results were analyzed for differences 
by patient demographics, platelet count, day of collection, surgery, collection timing, route of 
administration, and thrombosis incidence using 2-tailed Mann-Whitney tests. Fisher’s exact tests 
were used for categorical analyses (therapeutic vs. non-therapeutic). P≤0.05 was considered 
significant. 

Results: Data from 23 patients with a total of 81 VN results are reported here. Mean age is 9.2 years 
(range 6 months-21 years) with 62.5% female. Most (91.3%) had D2 and D7 samples by the time of 
analysis; ten (43.5%) had all 3 collections. Surgeries include total pancreatectomy with islet 
autotransplantation (n=13), orthotopic liver transplant (n=7), small bowel transplant (n=1), and 
liver/kidney transplant (n=1). ASA was initiated on mean postoperative day 4 [standard deviation 
(SD) 2.2] and mean overall ASA dose was 2.6 mg/kg/day (SD 1.26). VN was in therapeutic range on 
85.2% of all collections as well as for serial patient measurements at same dose (n=54). ARU values 
were statistically similar for all comparisons. Post-dose ARU were moderately correlated with 
trough values (r=0.6, P<0.01, Figure 1). ASA resistance rates were similar among collection days and 
surgical types. A trend towards a higher rate of subtherapeutic VN was seen in jejunal vs. oral 
dosing (21.3 vs. 5.7%, P=0.06). Two thrombotic events have occurred, both in patients with 
therapeutic VN results at all time points. 

Conclusions: Most pediatric general surgery patients had adequate platelet inhibition by ASA based 
on VN, regardless of collection timing. However, the route of administration may affect ASA efficacy 
rates using VN. Small sample size could affect statistical significance for route and for thrombosis 
risk. Subtherapeutic VN results were not predictive of thrombotic events, in contrast to high-risk 
pediatric cardiac surgery patients with similar VN ASA resistance rates (Emani et al, J Thorac 
Cardiovac Surg 2017). These findings add to the limited published data on pediatric ASA efficacy 
testing, especially in non-cardiac settings. 



 
Correlation of post-dose and trough VerifyNow®-ASA results for matched patient samples 



Use of Global Assays to Monitor Emicizumab Prophylactic Therapy in Patients with 
Hemophilia A with Inhibitors 
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1Virginia Commonwealth University School of Pharmacy, Richmond, Virginia, USA; 2Coagulation 

Advancement Laboratory, VCU, Richmond, Virginia, USA; and 3Central Virginia Center for 
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Background: Emicizumab (Hemlibra®, Genentech), is a humanized bi-specific antibody directed 
against activated factor IX (FIXa) and factor X (FX) that functions as a bridge between FIXa and FX in 
the tenase complex, thereby mimicking the co-factor function of activated factor VIII. It is FDA 
approved for the prevention and reduction of bleeding in pediatric and adult persons with 
Hemophilia A (HA) with and without inhibitors. A potential conundrum with emicizumab therapy is 
that the conventional laboratory parameters (e.g. FVIII level and aPTT) cannot be used to monitor 
and guide therapy. There has been recent interest in using global coagulation measures such as 
thromboelastography (TEG) and thrombin generation analysis (TGA) to guide hemostatic therapy. 

Objectives: The objective was to understand the effects of emicizumab on routine and global 
coagulation assays in two patients with HA currently receiving emicizumab prophylaxis (3 mg/kg 1st 
month, followed by 1.5 mg/kg monthly). For control purposes, the results were compared to 
baseline coagulation parameters from a person with mild HA not receiving therapy, and a healthy 
volunteer without HA. 

Methods: In patients receiving emicizumab, blood samples were collected at baseline (before 
treatment), and at 1- and 2-month clinic follow-up visits. Blood samples were obtained from the 
control patients at baseline. TEG was performed using kaolin activation; TGA was performed using 
Innovin 1:200,000 dilution. 

Results: The table and figure show the changes in coagulation parameters. Emicizumab resulted in 
spurious aPTT readings of 20-25 seconds, along with an undetermined aPTT. Emicizumab led to a 
complete correction of TEG parameters at both 1- and 2-month periods, and these were 
comparable to the volunteer without HA (Figure). The TGA in PPP samples showed marked 
improvement post-dosing, and were similar to the mild HA patient, however, the peak thrombin 
generation was about 1/3 that of the healthy volunteer. There was also marked improvement in ETP 
(the total amount of thrombin a sample can generate) that was similar to that found in the mild HA 
patient. 

Conclusions: There was complete normalization of TEG viscoelastic parameters, and marked 
improvements in thrombin generation at 1- and 2 months post-dose compared to baseline, 
consistent with a mild HA phenotype. These labs were similar across two months of therapy. 
Emicizumab therapy can be monitored using TEG and TGA.



 
Coagulation parameters before and after emicizumab 



 
TEG and TGA tracings before and after emicizumab 
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Development and Implementation of an Acute Heavy Menstrual Bleeding Protocol: 
a 2-Year Experience at a Large Pediatric Academic Institution 
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Background: While, evaluation and management of acute heavy menstrual bleeding (HMB) is 
established in the adult population, evidence is lacking for adolescent girls. Additionally, there is a 
paucity of data on the optimal timing of a hemostatic evaluation and efficacy of hormonal 
treatments for acute and chronic heavy menstrual bleeding. 

Objectives: To characterize our institutional experience of implementation of an EMR-assisted 
acute HMB protocol and determine if we can reduce ED use, hasten diagnosis, and medically 
manage acute and chronic heavy menstrual bleeding. 

Methods: We implemented a prospective quality improvement project standardizing the medical 
management of adolescent girls with acute HMB at Children’s Healthcare of Atlanta (CHOA). Data 
was extracted using various heavy menstrual bleeding ICD-10 codes from January 1, 2017 to 
December 31, 2018. This protocol was implemented at all CHOA emergency departments (ED) and 
urgent care (UC) centers in the metro Atlanta area. Subjects were included if they presented with 
acute HMB and excluded if they had a diagnosis of a bleeding disorder, ITP, rheumatologic condition 
or cancer. Descriptive statistics were used to summarize baseline demographics and clinical 
characteristics. The protocol was integrated into the EMR using a clinical pathway, electronic order 
sets, structured notes, and smart-phrases. Screening questions were adapted from the Claire 
Phillip’s menorrhagia tool. Patients with a positive screen underwent a bleeding inventory and 
standardized laboratory test battery. Admission was based on a hemoglobin of <9 and ongoing 
HMB. Patients requiring admission were admitted to the general pediatrics service and treated with 
25 mg IV Premarin q4 hours until bleeding ceased, followed by transition to a low dose COC 
tapering to daily as an outpatient. While inpatient, if HMB persisted after 24hrs, Hematology and 
Gynecology were consulted and therapy changed to COCs. After discharge, subjects followed up 
with a gynecology in a month and hematology within 3 months. 

Results: Over a 2-year period, there were 403 ED/UC visits for acute HMB in 390 unique female 
patients leading to 113 (28%) hospital admissions with six patients (5.3%) requiring ICU care. There 
were 170 ED/UC visits in 2017 and 223 in 2018, with 52 annual admissions in 2017 and 61 in 2018. 
The average hospital length of stay was 1.9 days (0.1-5.4) in 2017 and 1.8 days (0.1-5.8) in 2018. The 
population was mostly Black (60.5%) with a median age of presentation at 15 (8-26) and 14 (8-40) 
years in 2017 and 2018, respectively. The re-admission rate was low (5.3%) compared to ED return 
rate within 45 days (16.1%). Overall, the hospital admission rate decreased from 30.6% to 26.2% in 
over that time frame. 

Conclusions: It is feasible to develop and implement a QI project for acute HMB at a large academic 
institution by development of an EMR-assisted algorithm. Additional analysis is ongoing to 
determine the optimal timing of a hemostatic evaluation and the prevalence of bleeding disorders. 



We would like to acknowledge the Foundation for Women and Girls with Bleeding Disorders for 
encouragement and support and Sara Green from the CHOA Quality Department.  



Real-world data of immune tolerance induction (ITI) using recombinant factor VIII 
Fc fusion protein (rFVIIIFc) in subjects with severe hemophilia A with inhibitors at 
high risk for ITI failure 
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Background: Successful use of rFVIIIFc for ITI was described in an initial retrospective review of 19 
high-risk first time and rescue ITI subjects (Carcao M, et al. Haemophilia 2018). 

Objectives: To report an interim analysis of a retrospective chart review of subjects with severe 
hemophilia A undergoing ITI with rFVIIIFc in a real-world setting. Here we report characteristics and 
ITI outcomes of 9 newly identified subjects, as well as follow-up data from 17/19 subjects in the 
original chart review. 

Methods: A follow-up of subjects enrolled in the original retrospective chart review and clinical 
outcomes of newly identified males with severe hemophilia A and historical high-titer inhibitors (≥5 
BU) treated with rFVIIIFc for ITI is reported (12 sites in US and Canada). De-identified data were 
collected via electronic surveys. This interim analysis was performed on aggregated data collected 
through Nov 8, 2018. Data collection is ongoing; 1 additional chart expected. 

Results: 28 subject charts were reviewed (10 first-time ITI, 18 rescue ITI). 26/28 subjects 
represented a high-risk group for ITI failure (Figure). For 10 first-time ITI subjects, median (range) 
age at initiation of rFVIIIFc ITI was 1.4 (0.4–4.3) yrs and time from inhibitor detection to initiation of 
rFVIIIFc ITI was 0.1 (0.0–0.8) yrs (Table). Median (range) inhibitor titer at rFVIIIFc ITI initiation was 
28.8 (3.0–1126.0) BU/mL, and rFVIIIFc dosing regimen ranged from 50 IU/kg 3×/wk (TIW) to 200 
IU/kg daily. For 18 rescue ITI subjects, median (range) age at rFVIIIFc ITI initiation was 7.8 (1.6–48.9) 
yrs, and time from inhibitor detection to initiation of rFVIIIFc ITI was 7.1 (0.6–43) yrs (Table). Median 
(range) number of prior ITI courses was 2.5 (1.0–7.0). The median (range) inhibitor titer at rFVIIIFc 
ITI start was 24.2 (0.6–237.0) BU/mL. rFVIIIFc dosing regimen ranged from 43 IU/kg TIW to 200 
IU/kg daily. 9/10 (90%) first-time ITI subjects achieved a negative Bethesda titer. All 9 were clinically 
tolerized as judged by the treating physician with a median (range) time to tolerization of 30 (3–99) 
wks; 1 subject did not achieve tolerance but showed a reduced titer and continues on rFVIIIFc ITI. 
The following 9/18 (50%) rescue ITI subjects reached negative Bethesda titer: 3 subjects were 



tolerized at 21.7, 35.0, and 101.1 wks and transitioned to rFVIIIFc prophylaxis, 2 subjects remained 
on rFVIIIFc ITI, and 4 subjects transitioned to other products (1 transitioned back to rFVIIIFc 
prophylaxis following tolerization). 

Conclusions: Rapid time to tolerization was achieved in 90% of high-risk first-time ITI subjects using 
a range of different dosing regimens. ITI with rFVIIIFc led to rapid negative inhibitor titer in many 
rescue ITI subjects. Faster time to tolerization is expected to improve quality of life, joint health, and 
healthcare utilization. Findings from this study are being tested in 2 prospective trials using rFVIIIFc 
for first-time and rescue ITI subjects with hemophilia A with inhibitors. 

 



 



Correcting Hemophilia A Using Human FVIII Produced in vivo by Afibromer™ 
Shielded Engineered Allogeneic Cells 
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MOLLER, R. MILLER, D. SMITH, D. PERITT and R. VIVALDI 

Sigilon Therapeutics, Cambridge, Massachusetts, USA 

Background: Current hemophilia therapies require frequent protein infusions yet are unable to 
address long-term complications due to poor regimen adherence, non-ideal treatment kinetics and 
generation of inhibitory antibodies. To overcome these drawbacks, alternative modalities such as 
gene therapy and cell therapy are being investigated. Cell encapsulation in spheres using 
AfibromerTM biomaterials shield therapeutic cells from the innate immune system while inhibiting 
the formation of fibrous tissue around the cells. Prevention of this fibrotic response enables the 
engineered cells to deliver proteins at therapeutic levels for extended periods of time. 

Objectives: Our ultimate aim is to evaluate whether chronic delivery of blood clotting factors by 
administration of engineered cells producing human Factor VIII (hFVIII) is more programmable, 
sustainable and potentially offers better clinical outcomes in patients when compared to bolus 
dosing. 

Results: SIG-001 is a non-transformed human cell line, shielded within Afibromer™ spheres, that is 
engineered to express high levels of human B-domain-deleted hFVIII (hFVIII-BDD). These cells are 
contact inhibited in the sphere and maintain long term (> 6 mo. in rodents) in vivo viability and 
sustained protein production. Intraperitoneal administration of SIG-001 to hemophilia A mice 
produced dose-dependent activity of functional hFVIII-BDD in plasma (chromogenic assay). 
Moreover, sustained therapeutic hFVIII-BDD activity was achieved along with a corresponding 
correction of bleeding time and blood loss in a tail bleeding model. 

Conclusions: Taken together, these data demonstrate that administration of engineered, shielded 
human cells that produce hFVIII-BDD is efficacious and well-tolerated in a preclinical model of 
hemophilia A. The sustained hFVIII-BDD secretion achieved with SIG-001 creates a viable alternative 
to traditional factor bolus dosing or gene therapy with several important advantages. Our aim is to 
pursue clinical studies of SIG-001 in patients with Hemophilia A and to develop additional 
therapeutics using Shielded Living TherapeuticsTM, as a new class of medicines for other serious 
chronic disorders. 



Prothrombotic Variants Identified by Whole Exome Sequencing Influence Clinical 
Phenotype in Four Related Individuals with Hemophilia A. 

L. CARREL1, S. ARNOLD-CROOP2 and M. EYSTER3 

1Department of Biochemistry & Molecular Biology, Penn State College of Medicine, Hershey, 

Pennsylvania, USA; 2Penn State College of Medicine, Hershey, Pennsylvania, USA; and 3Penn State 

Health Milton S. Hershey Medical Center, Hershey, Pennsylvania, USA 

Background: Hemophilia A (HA) severity is defined by Factor VIII activity (FVIII:C) as mild, moderate, 
or severe, but exceptions where bleeding phenotype and FVIII:C are discordant pose a clinical 
challenge. It is hypothesized that bleeding phenotype is modulated by variants in additional genes 
involved in hemostasis. To identify genes underlying discordant HA phenotypes, we examined four 
related HA males carrying the F8 mutation c.494C>T (p.Pro146Leu). This mutation is reported as 
both severe (HAMSTeRS) and mild (US CHAMPs). FVIII:C after a 72-hour washout was in the 
moderate range of 2-5% (>2 determinations). However, clinical severity differed (Eyster, et al., AJH, 
1980); two were mild/moderate with no hemophilic arthropathy, and two were clinically severe 
with arthropathy involving multiple joints. Strikingly, factor replacement over >10 years was 5 times 
greater in the two severe than in the two mild/moderate individuals. 

Objectives: To identify gene variants that explain discordant phenotypes, we performed whole 
exome sequencing on three brothers and a maternal nephew. 

Methods: Whole exome sequencing was performed and analysis was restricted to non-synonymous 
variants in 76 genes known to affect hemostasis. 

Results: An average of 241 variants were identified in the 76 genes in all four individuals. 63 are 
missense variants. Exome sequencing identified the c.494C>T (p.Pro146Leu) F8 mutation in all 
individuals. No additional non-synonymous variants in F8 were detected. 10 missense variants may 
discriminate phenotypes. A single missense variant was unique to the two severe individuals. This 
VWF variant, rs1800377 (p.Val1471Ile), is functionally annotated as benign. Nine non-synonymous 
variants are unique to the two mild/moderate individuals. Of these, four reside within the R2 
haplotype of the Factor 5 gene. This haplotype results in higher thrombin generation that results in 
a mild prothrombotic state and increases FVIII:C in normal males (Martinelli, et al., Blood Coagul 
Fibrinolysis 2007). Additional variants were identified in HRG (2 variants) and NBEAL2. No 
phenotype has been associated with two of the variants. However, of potential functional impact is 
HRG variant rs9898 (p.Pro204Ser) that is associated with shortened aPTT (Houlihan, et al., AJHG 
2010). rs3533516A, a gain of function variant in VWF (p.Phe2561Tyr) influences platelet aggregation 
in a shear-dependent manner and is a risk factor for myocardial infarction (Schneppenheim, et al., 
Blood 2018). 

Conclusions: Prothrombotic variants in VWF, HRG, and F5 differentiate phenotype in our cohort and 
argue for a protective effect of variants other than FV Leiden and Prothrombin in attenuating 
bleeding in HA. We propose that such a multigenic approach is an essential first step for dissecting 
complex interactions underlying genotype/phenotype discrepancies. 
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Background: Heparin resistance can be very challenging to manage especially in the presence of 
critical illness and acute VTE. Heparin resistance is defined as the situation where patients require 
large doses of heparin to achieve therapeutic anticoagulation. Heparin resistance can be explained 
by several mechanisms; these include low antithrombin III (ATIII) levels, increased heparin clearance 
levels, high levels of factor VIII and/or fibrinogen and elevations in the levels of heparin-binding 
proteins (CHEST 2012). ATIII deficiency is the most common cause of heparin resistance. The 
condition can be congenital and or acquired. Other clinically relevant conditions that can present 
with heparin resistance are the use of high doses of heparin during extracorporeal circulation, use 
of asparaginase therapy and disseminated intravascular coagulation (DIC). However, most of these 
conditions effect the ATIII levels (Durrani J, et al. Journal of Community Hospital Internal Medicine 
Perspectives 2018). Several cases of heparin resistance in the presence of ATIII deficiency have been 
published in the literature; however, all of the case reports were with the use of unfractionated 
heparin (UFH). To our knowledge, there have been no cases published that describe the approach 
to overcoming heparin resistance in patients treated with the low molecular weight heparin 
(LMWH). Also there is very limited evidence on the maximum dose of enoxaparin for pediatric 
patients. 

Objectives: We report a case to identify a strategy for therapeutic anticoagulation in patients with a 
heparin resistance due to antithrombin deficiency 

Methods: Chart review 

Results: Patient is a 4-month-old male delivered at 28 weeks gestation. He has been in the neonatal 
intensive care unit (NICU) since birth and has had a complicated history of pulmonary hypertension, 
bronchopulmonary dysplasia and necrotizing enterocolitis. Patient developed a PICC line associated 
DVT in the left axillary and left subclaviann veins and was started on enoxaparin 1.5 mg/kg q12h for 
the duration of at least 6 weeks. Anti-Xa was checked 4 hours after 3rd dose and it was 
subtherapeutic at 0.15 (target range 0.5-1). Subsequently, the dose of enoxaparin was increased to 
1.8 mg/kg q12h. Anti-Xa was repeated and it remained subtherapeutic at 0.23. The dose of 
enoxaparin was further increased to 2 mg/kg; however, anti-Xa remained subtherapeutic at 0.19. 
Despite escalating doses of LMWH, we were unable to reach therapeutic anticoagulation and the 
target anti-Xa levels. Antithrombin deficiency was suspected and ATIII level was ordered. ATIII was 
below the normal range at 35%. Enoxaparin dose was increased again to 2.5 mg/kg and the 
subsequent anti-Xa was on the lower end of the therapeutic range at 0.51. Several days after anti-
Xa was re-checked and it was again subtherapeutic at 0.35. The enoxaparin dose was increased to 3 
mg/kg. Anti-Xa was repeated and it was within the therapeutic range at 0.53. Patient remained on 
this dose and anti-Xa levels were checked every 48 hrs, and they have been within the therapeutic 
range. 

Conclusions: We described a complicated case of acute DVT in a patient with a heparin resistance 
secondary to ATIII deficiency. Identification of heparin resistance can present a challenge for 
hematologists and other practitioners especially when managing patients with an acute VTE. There 
is no guideline recommendation for the anticoagulation strategy in this situation. Our approach was 



to gradually increase the dose of LMWH while monitoring anti-Xa levels closely. Prompt recognition 
of heparin resistance led to a good outcome in our patient. 
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Background: The advent of plasma exchange has led to a dramatic improvement in the survival of 
patients with thrombotic thrombocytopenic purpura (TTP). Recovery from TTP was previously 
believed to be complete except for a significant rate of relapse. However, recent studies indicate 
that TTP survivors are at higher risk of hypertension, neurocognitive deficits, and overall mortality 
than the general population. 

Objectives: We conducted this retrospective cohort study to test the hypothesis that TTP survivors 
have a higher rate of incident stroke during follow up than an age and sex matched reference 
population. We also evaluated the association of persistently low ADAMTS13 activity during 
remission with stroke. 

Methods: We identified consecutive patients treated for TTP at the Johns Hopkins Hospital between 
1995 to 2018, who were followed for at least 1 month after recovery from acute TTP. Fourteen 
patients died during the index episode of TTP and another 19 had less than one month of follow up 
after acute TTP. The remaining 137 patients were followed until death or last clinical contact. The 
rate of incident stroke (occurring during follow up and not associated with an acute TTP episode) 
was compared with an age and sex matched reference United States population obtained from the 
National Health and Nutritional Examination Survey (NHANES 2014-2018). We also collected data 
regarding comorbidities related to stroke and ADAMTS13 level at presentation and during remission 
from TTP (at least 3 months after an acute episode with normal platelet count and lactate 
dehydrogenase level). We used the chi-squared test to compare stroke rate between patients with 
low (<=70%) and normal (>70%) ADAMTS13 in remission, and Kaplan Meier analysis to compare 
stroke-free survival in these groups. The ADAMTS13 cut off of >70% was selected based on data 
from the Rotterdam Stroke Study that showed a higher rate of stroke with ADAMTS13 below this 
level (Sonneveld et al. Blood 2015;126(25):2739-46). 

Results: A total of 170 patients were treated for TTP at the Johns Hopkins Hospital between 1995 to 
2018 were identified. Of these, 14 patients died during the index episode of TTP and another 19 had 
less than one month of follow up after acute TTP. The remaining 137 patients were included in the 
analysis. Median age was 48.8 (interquartile range 35.3, 60.3) years and 68% were female. Thirty 
three percent of patients were Caucasian, 62% were African American and 5% belonged to other 
races. Median period of observation was 3.08 (interquartile range, 0.66 - 7.79) years Incident stroke 
occurred in 18 (13.1%) of TTP patients compared with 2.7% in the NHANES reference population (P 
<0.001). On univariate analysis, rates of comorbidities including diabetes mellitus (P=0.126), body 
mass index >30 (P=0.347), dyslipidemia (P=0.090), lupus (P=0.160), and atrial fibrillation (P=0.956) 
were not different in TTP patients with and without stroke; however patients that developed stroke 
were slightly older (46.7 versus 57.2 years, P=0.028) and had a higher rate of hypertension (41% 
versus 72%, P=0.021). These variables were not significantly associated with stroke on multivariable 



logistic regression analysis. ADAMTS13 activity during remission (at least 90 days after an acute 
episode) was measured in 52 patients. Remission ADAMTS13 activity was <10% in 7.7%, 10-39% in 
25%, 40-70% in 23.1%, and >70% in 44.2%. Rate of stroke was significantly higher in patients with 
low versus normal ADAMTS13 activity during remission (27.6% versus 4.3%, P=0.030). Kaplan Meier 
analysis showed reduced stroke free survival in patients with low ADAMTS13 activity during 
remission (P = 0.045)(Figure 2). Over the period of follow up, 10.2% (14 of 137) patients died. 
Causes of death included TTP relapse (N=2), cardiovascular death (N=4), malignancy (N=5) and other 
causes (N=3). 

Conclusions: TTP survivors have a higher rate of stroke than an age and sex matched control 
population. Persistently low ADAMTS13 after recovery from TTP is associated with stroke. A 
potential mechanism for stroke is an increase in large von Willebrand factor multimers, leading to a 
prothrombotic state and thrombus formation at sites of endothelial damage and high shear stress, 
such as as in the arterial circulation. Low ADAMTS13 activity during remission may identify patients 
who will benefit most from primary stroke prevention. 

 
Figure 1. TTP survivors have a higher rate of stroke (unrelated to an acute TTP episode) compared to 
a reference United States population (13.1% versus 2.7%, P <0.001) 



 
Figure 2. Kaplan Meier analysis shows reduced stroke free survival in patients with low ADAMTS13 
activity during remission (N=29) compared with patients with normal ADAMTS13 activity in 
remission (N=23) (P = 0.045)( 
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Background: The incidence of hemophilia is commonly cited in the literature as 1/5,000 male births 
(Soucie et al., Am J Hematol 1998). More recent estimates of the incidence and prevalence of 
hemophilia A (factor VIII deficiency) and B (factor IX deficiency) are limited, and prevalence is 
influenced by the longer patient life expectancy now versus previous decades. 

Objectives: To calculate updated incidence and prevalence estimates of hemophilia A and B in the 
USA based on a literature review and other data sources. 

Methods: Data were collected from a systematic literature search (1970–2018) in Medline, 
EMBASE, conference proceedings, and other secondary data sources including registries (e.g., 
Registry for Bleeding Disorders Surveillance [part of Community Counts]). Keywords included: 
hemophilia, bleeding disorder, factor VIII or IX deficiency, incidence, prevalence, mortality, 
diagnosed, undiagnosed, severity. Eighteen references contributed to the USA analysis. Variables 
assessed comprised: incidence, prevalence (diagnosed, undiagnosed, and total), and disease 
severity (mild, moderate, and severe). Lastly, a simplified Markov model was developed to calculate 
the annual incoming patients, deaths and prevalence of hemophilia A or B in a given year, including 
projections to 2020. 

Results: Based on 2015 data, there were 321 new patients with hemophilia A and 88 with 
hemophilia B in the USA, representing an incidence rate of 15.49 and 4.24, respectively, per 100,000 
male births. Total prevalence was 22,118 for hemophilia A and 6,058 for hemophilia B. Diagnosed 
and undiagnosed prevalence rates per 100,000 males were: 8.69 and 4.87 for hemophilia A, and 
2.57 and 1.14 for hemophilia B, respectively. The corresponding percentage of patients with mild, 
moderate, and severe disease, respectively was 34, 16, and 51% for diagnosed hemophilia A and 70, 
30, and 0% for undiagnosed hemophilia A; and 39, 33, 28% for diagnosed hemophilia B and 60, 40, 
0% for undiagnosed hemophilia B. As of 2014, two-thirds of hemophilia patients were treated in 
hemophilia treatment centers. As recent literature relies on the 1/5,000 male birth incidence rate, 
we assumed constant incidence rates. Given current treatment rates, we assumed prevalence rates 
plateaued around 2015. Therefore, the 2015 prevalence rates were used to project prevalence in 
2020. Based on the model, predicted total prevalence of hemophilia A and B in 2020 is estimated to 
be 22,913 and 6,276 patients (Table). 

Conclusions: Overall, the model assumes incidence rate estimates of hemophilia A and B in the USA 
are constant given no new incidence rates have been reported. However, estimates of prevalence 
have increased in recent decades, which is likely due to improvements in patient care and life 
expectancy. Due to exclusion of undiagnosed patients in previous literature, these total prevalence 
estimates are higher. In the USA, 0% of severe hemophilia cases were undiagnosed, while lower 
rates of diagnosis for mild and moderate cases suggest room for improvement. 



 
Table. Incidence and prevalence of hemophilia A and hemophilia B in the USA 
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Background: Estrogen, as oral contraceptive therapy and hormone replacement therapy, is a well-
known risk factor for venous thrombosis. Retinal vein occlusion (RVO) in young adults is rare and 
has been associated with estrogen use (Vessey et al. Br J Ophthalmol 1998; Marucci et al Intern 
Emerg Med 2011), but the exact incidence of RVO in these patients is not known. 

Objectives: This retrospective study aims to examine the rates of retinal vein occlusion (RVO) and 
deep vein thrombosis (DVT) within 1 year of exposure to estrogen and its derivatives, in women of 
reproductive age. 

Methods: A commercial database (Explorys Inc, Cleveland, OH, USA), an aggregate of electronic 
health record data from 26 major integrated US healthcare systems, was used for this study. All 
women aged 15-45 years were examined. Cases were defined as patients who developed DVT or 
RVO within 365 days of exposure to Estradiol and its derivatives and were compared to women not 
on estrogen therapy or women on Levonorgestrel intrauterine device (IUD) without exposure to 
estrogen in the last 365 days. The incidence of DVT and RVO per treatment group was estimated 
based on binomial distribution theory. The association between two factors was estimated using 
chi-square or Fisher’s exact test. The trend of incidence rate over age was examined using Cochran-
Armitage trend test. All statistical analyses were done using SAS (SAS Institute, Cary, NC) and p-
value less than 0.05 was considered statistically significant. 

Results: The incidence of RVO was 100 cases per 100,000 in estradiol arm vs. 6.7 cases per 100,000 
in patients who had no exposure to estrogen or levonorgestrel IUD in last 365 days (p<0.0001). No 
patients in the Levonorgestrel IUD arm developed retinal vein thrombosis (Table 1). The rate of RVO 
increased with age when comparing different age groups (15-25, 25-35, 35-45 years; p<0.0001). 
Majority of cases occurred within the first 30 days of exposure to estrogen (Table 2). A multivariate 
regression analysis to identify independent risk factors was attempted, but could not be done due 
to the very low incidence of RVO. A higher risk of DVT was noted in estrogen arm than 
levonorgestrel IUD arm (76 cases per 10,000 vs. 10 cases per 10,000, p < 0.0001). Women >30 years 
old were more susceptible to DVT than <30 years (p<0.0001). 

Conclusions: To the best of our knowledge, this is the first study that reports the exact incidence of 
RVO patients on estrogen therapy. The finding that DVT and RVO groups were independent of each 
other is likely an indication that estrogen was discontinued in these patients after development of a 
thrombus, to prevent formation of new thrombosis. Our results are consistent with historical 
reports of increased DVT risk with estrogens (Gomes et al. Arch Int Med 2004). Further studies may 
be required to study the influence of risk factors for RVO. 
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Background: The liver is considered to be the predominant, if not exclusive, site of coagulation 
factor production. Recently, liver sinusoidal endothelial cells (LSECs) and extra-hepatic endothelial 
cells (ECs) have been demonstrated to produce factor (F)VIII, rather than the hepatocyte. ECs are 
located at the interface of blood and the vascular wall to maintain blood flow and prevent bleeding. 
The finding that ECs actively produce and store FVIII in EC Weibel-Palade bodies along with ultra-
large von Willebrand factor multimers suggest that ECs may have additional roles in hemostasis. In 
contrast, fibroblasts are considered to be sub-EC tissue factor (TF)-expressing cells that aid 
hemostasis during vascular wall injury. Understanding the coagulation protein gene expression 
profile of the two vascular wall cell types will help clarify their respective roles in vascular wall-
related hemostasis. 

Objectives: Measure the gene expression for coagulation proteins (in the intrinsic and extrinsic 
coagulation pathways) in multiple types of human ECs and in fibroblasts. 

Methods: Pooled primary human umbilical vein ECs (HUVECs, n=4-8), and single donor LSECs (n=4-
7), glomerular microvascular ECs (GMVECs, n=4-6), brain microvascular ECs (BMVECs, n=4-7), and 
human dermal fibroblasts (n=4) were grown to confluence in serum-containing media. Gene 
expression levels of F2 (prothrombin), F3 (tissue factor), F5, F7, F8, F9, F10, and the genes for the 
surface regulatory proteins thrombomodulin (THBD), endothelial protein C receptor (PROCR), and 
tissue factor pathway inhibitor (TFPI) were evaluated by real time PCR (RT-PCR) to calculate relative 
expression levels using TaqMan probes. RNA was isolated using TRIzol, chloroform extraction, and 
isopropanol precipitation and verified by 260/280 optical ratios and 1%-agarose-formaldehyde 
electrophoresis. RNA was reverse-transcribed and the resulting cDNA samples were amplified in 
triplicate by RT-qPCR using GAPDH as the reference gene. 

Results: Human ECs expressed the genes for all the coagulation proteins studied except for F7. 
Expression of VWF was ~135,000-fold greater in LSECs than in fibroblasts (demonstrating why ECs, 
but not fibroblasts, contain intracellular FVIII). Similar expression of each individual gene was seen 
in the four EC types. Fibroblasts expressed F7, and F3 was expressed 355-fold greater than in LSECs. 
Genes of the surface regulatory proteins (THBD, PROCR, and TFPI) are expressed in both cells, 
though were more highly expressed in ECs compared to fibroblasts. 

Conclusions: Human ECs, both hepatic and extra-hepatic, express the genes required for “intrinsic” 
coagulation, whereas fibroblasts consistently express the genes required for “extrinsic” coagulation. 
This gene expression data may reflect how each cell type participates in coagulation, providing a 
model to study vascular wall-based “intrinsic” coagulation initiated on ECs and “extrinsic” 
coagulation initiated on fibroblasts. 

This work was partially supported by grants from the Bayer Hemophilia Awards Program, Mary R. 
Gibson Foundation, and the Mabel and Everett Hinkson Memorial Fund at Rice University. 



 
Coagulation gene expression in human LSECs and fibroblasts 



 
Coagulation gene expression in human endothelial cells 
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Background: Sex dimorphisms in coagulation exist, with females demonstrating a hypercoagulable 
profile. On whole blood assessment with thrombelastography (TEG), females have a time to clot 
formation (reaction time, R), higher rate of clot propagation (angle) and higher clot strength 
(maximum amplitude, MA) compared to males. Females also have increased endogenous thrombin 
potential (ETP) as assessed with thrombin generation (TG) versus males. The mechanism behind 
female hypercoagulability is unknown, but sex hormones are believed to play a central role. This is 
suggested by sex hormone receptors on platelets, as well as changes in coagulation profile through 
hormonal cycles in females. 

Objectives: We sought to examine the effects of estradiol (E2) and progesterone (P4) on whole 
blood clotting and TG. We hypothesize that E2 and P4 have a procoagulant effect and promote TG 
in vitro. 

Methods: Blood was collected from healthy volunteers (premenopausal females not taking oral 
contraceptives and similarly aged males) in citrated (TEG) and corn trypsin inhibitor (TG) vacuum 
tubes. Whole blood was incubated with physiologic levels of E2 or P4 (102 pg of 17β estradiol {final 
concentration 0.3 pg/µL} and 68 pg of P4 {final concentration 0.2 pg/µL} for 15 minutes. Citrated 
native (CN-) TEG, tissue plasminogen activator (tPA-) challenge TEG, and whole blood TG were 
performed in the absence and presence of E2 or P4. 

Results: TEG was performed in 10 females and 10 males, while TG was assessed in 5 females and 5 
males. The average age was 32.0 years (range: 26-38 years). E2 shortened R time in females (CN-
TEG R of 8.9 min from 10.6 min, p=0.04), however it did not affect CN-TEG R time in males. E2 had 
no effect on CN-TEG angle, MA or LY30 (lysis 30 minutes after MA) in males or females (Table 1). No 
changes were observed in clotting by CN-TEG in the presence of P4 in males or females. In the 
presence of tPA, E2 shortened R time in both males and females (8.6 min from 10.6 min in females, 
p=0.02; 9.8 min from 12.2 min in males, p=0.009) and increased angle in males (50.0 o from 40.9o, 
p=0.01). In the presence of tPA, P4 increased angle in males (47.8 o from 40.9o, p=0.006) and MA in 
females (63.2 mm from 59.5 mm, p=0.04). E2 increased TG in females, whereas P4 had no effect. 
Specifically, E2 increased peak thrombin from 84.2 nM to 94.6 nM (p=0.03 and ETP (794.5 nM.min 
to 954.6 nM.min, p=0.03) (Figure 1). E2 and P4 had no effect on TG in males. 

Conclusions: E2 has a procoagulant effect, shortening the enzymatic phase of clotting and 
promoting TG in females but not males. In contrast, P4 had no effect in either sex. Surprisingly, tPA 
appears to enhance the procoagulant effects of E2 on enzymatic coagulation (R) and P4 effects on 
cellular coagulation (MA). Further mechanistic investigation is required to elucidate precise 
hormone-cellular interactions in coagulation. 



 
Table 1. Effects of estradiol and progesterone on thrombelastography in whole blood from healthy 
volunteers. Values presented as median with 25-75 interquartile range. 

 
Figure 1. Female thrombin generation in the presence of estradiol 
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Background: The ACTION study identified barriers to initiating and maintaining weight loss in 
hemophilia patients with obesity (PwHO). Joint-related issues (pain, mobility, bleeding) may affect 
perceptions of PwHO. 

Objectives: To identify patient, partner, and caregiver insights on obesity challenges of PwHO. 

Methods: Following approval, an online survey collected data from adults who self-identified as 
PwHO, partners of adult PwHO, and caregivers of adolescent PwHO (aged 12-17y) between 11/2017 
and 4/2018. 

Results: Results from 124 PwHO, 45 partners, and 42 caregivers were similar. Calculated body mass 
index (BMI) differed from self-reported weight category, with most PwHO underestimating their 
weight; by calculated BMI, most were classified as overweight (OW, 43%) or having obesity (OB, 
51%). Only 24% reported weight loss in the prior 3 years (all currently OB). Weight maintenance 
proved to be challenging: 14% reported ≤6 months and 57% 6 to 12 months’ weight-loss 
maintenance. Regarding readiness to change, most PwHO were in the contemplation (42%) or 
preparation phase (22%), with only 14% having an action plan ready to begin within the next month. 
Approximately half of PwHO noted having a discussion with a health care professional (HCP) in the 
last 5 years regarding being overweight or losing weight, with common recommendations being to 
be more active (73%) and improve eating habits (72%). PwHO reported limited success in following 
these recommendations (9%-38%). PwHO goals were improving health conditions (60%), having 
more energy (54%), reducing risks of weight (46%), and losing any weight (44%); issues related to 
joints were secondary drivers for adults but more frequently reported by partners/caregivers. 
Weight-loss strategies are summarized in the Table. PwHO perceived a lot/extreme future impact of 
weight on health (OW 26%/OB 36%). PwHO perceived weight loss to be a high priority (66%) and 
their responsibility (64%) but required a complete lifestyle change (63%). Most agreed that weight 
loss would improve joint pain (62%), bleeding (58%), and mobility (62%), and reduce factor use 
(52%). Barriers to initiating weight loss (Figure) differed among the 3 groups. Most (65%) perceived 
obesity as a disease and believed that 10% weight loss would be extremely beneficial (78%). HCPs 
focused on improving health conditions (46%) and achieving any weight loss (44%); more 
realistic/specific (51%/47%) goals, resources (46%), and referrals to weight-loss programs (41%) or 
dietitians (38%) are needed. Meals/recipes (54%/50%) and local/national (42%/41%) programs for 
PwHO were seen as helpful; success stories of PwHO would be motivating (40%). 



Conclusions: PwHO, partners, and caregivers were aware of general and hemophilia-specific 
consequences of weight. Most have tried general approaches to improved diet and increased 
activity. Findings also suggest that patients desire education on weight management through 
existing hemophilia channels. 

 
Percentage of patients with hemophilia and obesity currently trying or have ever tried weight-loss 
strategies 



 
Patient-reported barriers to initiating weight loss 
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A Logistic Regression Model Incorporating X-chromosome Inactivation Skewing 
Improves Bleeding Risk Prediction in Adult Hemophilia A Carriers 

P. CYGAN1, E. WEIDMAN2, X. WANG2, L. KONG3, L. CARREL4 and M. EYSTER1 

1Penn State Health Milton S. Hershey Medical Center, Hershey, Pennsylvania, USA; 2Penn State 

College of Medicine, Hershey, Pennsylvania, USA; 3Department of Public Health Sciences, Penn State 

College of Medicine, Hershey, Pennsylvania, USA; and 4Department of Biochemistry & Molecular 

Biology, Penn State College of Medicine, Hershey, Pennsylvania, USA 

Background: In contrast to males with Hemophilia A (HA), bleeding in female HA carriers is 
attenuated by the presence of a wild type F8 allele. While low FVIII activity (FVIII:C) is predictive of 
bleeding tendency, HA carriers with “normal” FVIII:C can also have bleeding sequelae. Unique to 
females, FVIII in HA carriers is influenced by X-chromosome inactivation (XCI), a process that 
stochastically silences one X. Nevertheless, skewed XCI patterns are common (~25%) and may alter 
phenotype by preferentially activating or inactivating the X carrying the F8 mutation. 

Objectives: We sought to determine whether XCI skewing and measurements other than FVIII:C can 
further differentiate HA carrier bleeding risk. 

Methods: We enrolled patients into an observational cross-sectional study with informed consent. 
Standardized bleeding assessment tools (BAT; cMCMDM-1, Pediatric Bleeding Questionnaire) were 
completed at the time of their visit. F8 genotypes confirmed HA carrier status. One-stage FVIII:C, 
chromogenic FVIII, and FVIII antigen ELISA were performed on all subjects. XCI skewing was 
assessed using established assays at the Androgen Receptor (AR) and Fragile X Mental Retardation 
(FMR1) loci. Statistical analysis by logistic regression was performed on SAS. 

Results: 133 individuals (92 adults) have been evaluated to date. 86 are confirmed F8 mutation 
carriers (62 adults). 53 (39 adults) have F8 mutations associated with severe HA, and 33 (23 adults) 
have non-severe F8 mutations. Strikingly, 55% of adult HA carriers have BAT scores >4. BAT scores 
are significantly higher (5.52 vs. 1.23, p<0.0001) in adult HA carriers compared to age-matched non-
carrier controls (42 vs 38, p=0.24). Clinical measurements among HA carriers of FVIII:C, chromogenic 
FVIII and FVIII antigen ELISA are highly correlated (n= 62, p<0.0001). We developed a logistic 
regression model to predict abnormal bleeding by BAT scores that incorporates XCI ratio, FVIII 
antigen, and FVIII:C. This model not only improves prediction of total BAT score (abnormal defined 
as >/= 4) compared to FVIII:C (c-statistic 0.826 vs 0.651), but also strongly predicts severe bleeding 
events in BAT subcategories (defined as > 2), including dental extraction (0.921 vs 0.756) and post-
partum hemorrhage (0.888 vs 0.756). When stratified by F8 mutation severity (severe n= 39 vs non-
severe n= 23), this model strongly predicts dental extraction bleeding (c-statistic 0.990) and post-
partum hemorrhage (1.000), and improves prediction of surgical bleeding (0.824 vs 0.764), and 
heavy menstrual bleeding (0.817 vs 0.736) over FVIII:C alone. 

Conclusions: Our expanded cohort continues to demonstrate that bleeding tendency in HA carriers 
is not rare. FVIII:C only predicts 38% of those at risk by abnormal BAT. Our newly established logistic 
regression model that incorporates FVIII antigen, XCI skewing ratio and stratification by F8 mutation 
severity significantly strengthens bleeding risk prediction in HA carriers. 



Peter H. Cygan, MD, received a 2016 Mentored Research Award from the Hemostasis 
and Thrombosis Research Society (HTRS), which was supported by Bioverativ Therapeutics, now 
Sanofi Genzyme. 



Impact of Automated HIT Antibody Testing on Diagnosis of Heparin Induced 
Thrombocytopenia 

N. DE SIMONE, M. MACIAS and R. SARODE 

UT Southwestern, Dallas, Texas, USA 

Background: Heparin induced thrombocytopenia (HIT), a transient autoimmune complication of 
heparin therapy, has potentially devastating consequences due to thrombotic complications. 
Prompt testing to rule out HIT is essential, as alternative parental anticoagulants (Argatroban or 
bivalirudin) are associated with higher bleeding risk and cost. Prompt availability of screening HIT 
results can expedite testing for functional serotonin release assay, which is typically performed in a 
few referral laboratories. In 2016, Instrumentation Laboratory received FDA clearance for a fully 
automated, on demand rapid assay (latex enhanced immunoturbidimetric assay, LIA) for HIT 
testing, the Hemosil HIT-Ab(PF4-H Assay) (Bedford, MA). Testing can be performed within minutes. 
Prior to availability of this assay, screening testing was performed using a PF4-polyvinyl based ELISA. 
This test was often batched and required more time (approximately 2 hours) and a skilled 
technologist. Our laboratory switched from an ELISA (Immucor LIfecodes PF4 IgG (Norcross, GA)) to 
automated testing using Hemosil HIT-Ab(PF4-H assay). This testing is performed during first and 
second shifts, 7 days a week. 

Objectives: The purpose of this study is to compare the time to result using both methodologies. 

Methods: Retrospective chart review was performed from November 2017 to June 2018 to 
calculate turn-around-times from the time of specimen collection to result in our electronic medical 
record. 

Results: 144 runs over the 11 months prior to implementation of automated HIT testing showed a 
median time to diagnosis of 23 hours. Times ranged between 2 hours 45 minuted to over 95 hours, 
which was a single isolated incident in which testing was not perfumed due to limited resources 
over a Thanksgiving holiday. 96 tests were performed over 8 months following implementation of 
LIA testing. Median diagnosis time was 2 hours 9 minutes, with times ranging between 43 minutes 
to 22 hours 44 minutes. Although time to diagnosis was dramatically different between the two 
methodologies, Argatroban use was not. The lack of difference is likely due to the heterogeneity in 
clinical suspicion and lack of standardized approach among various treating teams in how to handle 
suspected cases of HIT. 

Conclusions: Implementation of the fully automated rapid Hemosil HIT-Ab(PF4-H Assay) has 
markedly improved turn-around-times for HIT testing. 

  



Anticoagulant Thromboprophylaxis in Hospitalized Pediatric Patients with 
Inflammatory Bowel Disease and Peripherally Inserted Central Catheters: 
Evaluation of a Quality-Improvement Initiative 

C. DIAMOND, J. WEISMAN, C. HENNESSEY, J. MELDAU, M. GUERRERA, S. MAJUMDAR, C. GUELCHER 
and Y. DIAB 

Children's National Health System, Washington, District of Columbia, USA 

Background: Children and adolescents who require hospitalization for management of 
inflammatory bowel disease (IBD) often require placement of a peripherally inserted central 
catheter (PICC). These patients are at high risk for developing PICC-related deep vein thrombosis 
(DVT), which can lead to significant morbidity and considerable health care costs. In 2015, we 
implemented a protocol to initiate anticoagulant thromboprophylaxis (AT) with enoxaparin after 
PICC placement in any patient admitted to our institution with active IBD. 

Objectives: To evaluate efficacy, safety, and provider adherence to initiation of AT in hospitalized 
pediatric patients with IBD who required PICC placement. 

Methods: We conducted a retrospective study of patients who were admitted to our center from 
2014 to 2018 with active IBD and required a PICC. We utilized a radiology data mining software 
(MONTAGE Search and Analytics) and a prospectively maintained institutional thrombosis database 
to identify study patients. Key study measurements included frequency of radiologically-confirmed 
PICC-related DVT, nadir hemoglobin (Hb), red blood cell (RBC) transfusion requirements, 
anticoagulation-related bleeding complications, and provider adherence to prescribing AT. Relevant 
data were summarized using descriptive statistics (median [interquartile range] or frequency (%)). 
Data comparisons were performed using Mann-Whitney U test or Chi-square test as appropriate. P-
value <0.05 was considered statistically significant. 

Results: During the study period, 70 unique patients (median age 15 years [13-17]; 36 females) 
required 72 sequential hospitalizations to our center with an IBD flare [Crohn's disease (53 patients 
), Ulcerative Colitis (10 patients), and Indeterminate Colitis (7 patients)] and required PICC 
placement (median indwelling time 12 days [8-16]). AT was administered during 33 of 72 
hospitalizations (46%). From 2015 to 2018, there were 55 PICC insertions in patients admitted to 
our center with an IBD flare and none developed a PICC-related DVT, compared to 114 PICC-related 
DVTs complicating 1853 PICC insertions (5.8%) in all other hospitalized patients (P=0.03). Nadir Hb 
and RBC transfusion requirements during hospitalization in inpatients with IBD who received AT 
were not significantly different from inpatients with IBD who did not receive AT. Moreover, AT was 
not interrupted in any patient due to concerns for anticoagulation-related bleeding 
complications. The provider adherence to prescribing AT in the targeted population (Figure 1) 
increased significantly over time (P<0.0001) and has reached 100% in 2017 and 2018. 

Conclusions: Our study indicates that administration of AT can reduce the rate of PICC-related DVTs 
in hospitalized pediatric patients with IBD without increasing bleeding complications. In addition, 
we observed a steady significant increase over time in the utilization of AT in this population, 
suggesting increased comfort levels of treating physicians to initiate AT. Larger prospective studies 
are warranted 



 
Figure 1: Trend in Provider Adherence to Initiation of AT Over Time (2014-2018) 
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BAFF in Hemophilia A with Inhibitors 

B. DOSHI1, S. LACEY2 and V. ARRUDA1 

1The Children's Hospital of Philadelphia, Philadelphia, Pennsylvania, USA; and 2Perelman School of 

Medicine, University of Pennsylvania, Philadelphia, Pennsylvania, USA 

Background: Alloantibody (Ab) development to factor VIII (FVIII) remains the most challenging 
complication of replacement therapy in hemophilia A (HA). The Ab response is thought to involve 
CD4+ T helper cell mediated activation of B cells. The ensuing Ab response can be non-neutralizing 
(predominantly IgG1) or neutralizing (IgG4). The mechanisms driving maturation of the Ab response 
are not understood but may rely on immune signals that regulate B cell affinity maturation. 
Recently, studies have implicated B-cell survival cytokines, including BAFF (B cell activating factor) 
and BCMA (B cell maturation antigen), in somatic hypermutation and affinity maturation. BAFF also 
regulates the survival of transitional B cells including marginal zone B cells, which have been 
implicated in the anti-FVIII Ab response. Thus, we hypothesized that levels of BAFF may correlate 
with Ab subclasses in hemophilia A patients and also utilized animal models to demonstrate that 
depletion of BAFF can prevent the anti-FVIII Ab response. 

Methods: Plasma from 79 HA patients were collected longitudinally and analyzed for ten T helper 
cytokines via Luminex assay, BAFF/BCMA levels and anti-FVIII IgG subclasses via ELISA, and Bethesda 
titer (BU). For animal experiments, HA C57Bl/6 mice (n=9-10/group) were given a single dose of 
anti-BAFF neutralizing Ab one week prior to immunization with four doses of FVIII. Plasma was 
analyzed for anti-FVIII IgG, BU, and BAFF levels. Longevity of response in BAFF-depleted non-
inhibitor mice (n=6) was tested with FVIII challenges 22 weeks from anti-BAFF Ab therapy. Data was 
analyzed with Prism using Spearman correlation for cytokines, and Mann-Whitney and Kaplan-
Meier analysis for animal studies. 

Results: Of the 79 HA patients, 27 had active or transient inhibitors (n=159 samples) and 52 were 
inhibitor free (n=113 samples). Plasma cytokines from this cohort reveals statistically significant 
correlation of BAFF with anti-FVIII IgG4 (r=0.21, p 0.003) and BU (r=0.22, p 0.002) as well as 
correlation of BCMA with IgG1 (r=0.25, p 0.002) and IgG4 (r=0.17, p 0.018). Although IL-2, IL-6, IL-
12p70, IL-17A and IFNy showed a correlation with anti-FVIII IgG1, none of these correlated with 
IgG4 or BU. In HA mice, BAFF depletion prior to initial FVIII exposure resulted in lower inhibitor rate 
(22 vs 90%, hazard ratio 0.24, 95% CI 0.07-0.76, p 0.005) with lower median BU (0 vs 21 BU, 
p=0.014) and anti-FVIII IgG (4.7 vs 27.6 mcg/ml, p=0.003). Of the 6 BAFF-depleted mice without 
inhibitors after initial immunization, half did not develop a high-titer Ab response even after 4 
challenges with FVIII (BU 0.8-2 BU) without further BAFF depletion. 

Conclusions: Together, our data suggests that BAFF may be a biomarker for FVIII Ab development 
and that targeting BAFF may provide a novel therapeutic avenue for high risk inhibitor patients. 
Further studies to confirm the safety and longevity of this response in animal models may allow for 
translation of this strategy to humans. 



Heterogeneity in neutrophil response to platelet factor 4/heparin immune 
complexes in heparin-induced thrombocytopenia 

M. DUARTE, S. KHANDELWAL, G. AREPALLY and G. LEE 

Duke University Medical Center, Durham, North Carolina, USA 

Objectives: We have reported that anti-platelet factor 4/heparin immune complexes (PF4/H IC), as 
found in heparin-induced thrombocytopenia (HIT), induce neutrophil activation and matrix 
metalloprotease 9 (MMP9) release (Duarte M, et al. THSNA abstract 3/9/18). In the course of this 
work, we used a monoclonal anti-PF4/H antibody (KKO; Arepally G, et al. Blood 2000) to create a 
model of HIT IC. We observed that the neutrophil response to KKO-PF4/H IC in healthy donors is 
heterogeneous, resulting in varying degrees of MMP9 release. We aimed to identify variables which 
affect neutrophil response to HIT IC. 

Methods: Whole blood from healthy donors (n=71) was incubated with buffer, PF4 25µg/mL and 
heparin 1U/mL alone, or with KKO 25µg/mL or a monoclonal IgG2b isotype. After 30 mins at 37⁰C, 
released MMP9 was measured in plasma by ELISA (R&D, Minneapolis, MN). 

Results: As seen in FigA, minimal MMP9 was released when whole blood from healthy donors was 
incubated with buffer, PF4/H, or isotype with PF4/H (median 29ng/mL v. 41.9ng/mL v. 49.9ng/mL, 
p=ns). In contrast, significant neutrophil degranulation occurred when whole blood was incubated 
with KKO-PF4/H IC (345.5ng/mL, p<0.0001), demonstrating that degranulation is specific in this 
model of HIT IC. As seen in FigA, significant variability in MMP9 release was seen in response to 
KKO-PF4/H IC (range 104-1166ng/mL). We next determined if the neutrophil response to KKO-
PF4/H IC for an individual donor was consistent or if it was variable over time. For these studies, we 
segregated healthy donors into “high” or “low” responders (FigA: high in blue defined as MMP9 
release >584.4ng/mL (3rd quartile) and low in red <225.7ng/mL (1st quartile)). We then repeatedly 
tested 3 representative high and 3 representative low donors to determine their neutrophil 
response to KKO-PF4/H IC. As seen in FigB, with repeated testing over 358 days, we demonstrate 
that individuals have a fixed phenotype in response to KKO-PF4/H IC: individuals either have 
neutrophils which are persistently highly reactive to KKO-PF4/H IC or they have persistently low 
reactivity. As expected, MMP9 release in response to KKO-PF4/H IC was correlated with white blood 
cell count (WBC; r=0.39, p=0.001) and absolute neutrophil count (ANC; r=0.49, p<0.0001, data not 
shown). However, within each quartile, MMP9 release was not correlated with WBC, suggesting 
that other factors contribute to the KKO-PF4/H phenotype outside of absolute number of 
neutrophils. In other data not shown, MMP9 release was not correlated with donor age, sex, race, 
or polymorphisms in FcγRIIA or FcγRIIIB. 

Conclusions: In a longitudinal study, we demonstrate that individuals have a fixed neutrophil 
response to KKO-PF4/H IC which correlates with donor WBC count and ANC. Additional studies are 
needed to determine if neutrophil reactivity correlates with thrombotic complications in patients 
with anti-PF4/H antibodies and if neutrophil reactivity can be used to predict disease susceptibility. 



 
Heterogeneity in neutrophil response to KKO-PF4/H complexes 

 
Individuals have a fixed phenotype in response to KKO-PF4/H complexes 



  

Improvement in Bleeding Disorder Knowledge in Adolescent and Young Adult 
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Objectives: Demonstration of age appropriate disease and treatment knowledge is important in 
preparing adolescents with hemophilia for transition to adult care. Our hemophilia treatment 
center (HTC) uses quality improvement (QI) methodology to increase knowledge in this patient 
population. 

Methods: Our HTC has previously reported a project using QI methods to develop, implement, and 
test a standardized knowledge assessment tool for adolescent/young adult patients with 
hemophilia A or B. The tool assesses the knowledge, and skills of patients aged 15-21 years in the 
domains of fundamental hemophilia knowledge, and hemophilia treatment. A score is generated 
and recorded at each HTC visit and higher scores correlate with better knowledge. This report 
focuses on attempts to improve scores on this knowledge tool. Two major initiatives have 
commenced since our last report. Firstly, we created a pareto chart to demonstrate the most 
commonly missed questions on our knowledge tool. Through team meetings, we strategized drivers 
to address 3 of these questions and identified which staff member/s is responsible for education on 
each topic. One commonly missed question is who is your hemophilia provider? Our surveillance 
coordinator is now tasked with providing a handout that includes names and updated pictures of all 
HTC staff. Another commonly missed question is do you know the phone number to HTC clinic? 
Hemophilia nurse clinicians now work with each patient/family during HTC visits on phone number 
knowledge. The third most commonly missed question related to understanding pharmacokinetic 
parameters. The hematologist or advanced practice nurse is responsible for reviewing this question. 
Secondly, we held a family education day in September 2018, to provide direct patient/family 
interaction with the HTC team. Eighteen patients and 35 family members attended. Multiple 
sessions throughout the day provided education on independence relevant topics such as genetics 
of hemophilia, different treatment options, inhibitors, appropriate interventions for joint and 
muscle bleeds, and intravenous and subcutaneous infusion skills workshops. To evaluate changes in 
scores over time, we compared the % of correct responses in patients with non-severe hemophilia 
(baseline level 1-40%) to those with severe (<1%) hemophilia using a 2 way ANOVA. 

Results: Repeat scores were available for 21 patients. Nine patients had non-severe hemophilia and 
12 had severe hemophilia. Twenty-one had 2 scores and 10 had 3 scores. The median baseline score 
for patients with mild/moderate disease was 42% and the most recent score is 55%. The baseline 
score for those with severe disease was 52% and the most recent score is 65%. When comparing 
the total median baseline score of 54.5% to the recent median score of 63.2% we demonstrated a 
significant improvement over baseline (p=0.024). The degree of improvement in scores was the 
same between those with non-severe or severe hemophilia. 



Conclusions: We demonstrated a significant improvement in medical independence scores over 
time using QI methodology. Baseline knowledge was lower in those with non-severe hemophilia but 
knowledge acquisition over time was similar. Next steps include continued focus on key drivers of 
knowledge in our adolescent/young adult age group, expanding our project to additional age 
ranges, and incorporation of the tool into the electronic medical record. Additional goals include 
defining and tracking successful transition to adult care. 

 
Comparison of medical independence tool scores over time. 



A Retrospective Study Evaluating Immune Tolerance Induction (ITI) with a Plasma-
derived Factor VIII for Patients with Hemophilia A and High Titer Inhibitor 
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Objectives: The formation of inhibitors to clotting factors is a serious complication in hemophilia A. 
Immune tolerance induction (ITI) remains the primary method for eradicating inhibitors. This 
multicenter retrospective data collection project evaluated patient- and treatment-related factors 
associated with outcomes following primary or rescue ITI with an antihemophilic factor (Human) 
concentrate in patients with hemophilia A and high titer inhibitors. 

Methods: Medical records of nine inhibitor patients treated with antihemophilic factor (human) for 
initial or rescue ITI between January 1, 2012 and July 31, 2017 were evaluated in four US hemophilia 
treatment centers. Data were de-identified and analyzed descriptively. Outcome measures were 
defined per the International Immune Tolerance Induction Study: successful (eradication of FVIII 
inhibitor and normal FVIII recovery), partial success (near normal FVIII recovery), and failure. 

Results: A total of nine patients between the ages of 10 months and 39 years at time of ITI were 
evaluated. Six out of nine patients (66.7%) had successful ITI; three with complete success (ages 27, 
32, 32) and three with partial success (ages 5, 5, 21). Three patients failed ITI (ages 1.5, 10.5, 39) 
(Table 1). Seven of the patients had a combined previous 11 attempts at ITI with other products 
(plasma derived and/or recombinant). Of these seven rescue patients, ITI with antihemophilic factor 
(human) was successful in one and partially successful in three. 

Conclusions: While retrospective data has limitations, real-world evidence demonstrates that ITI 
with antihemophilic factor (human) concentrate can be successful or partially successful in diverse 
populations of moderately complex patients with hemophilia A and high titer inhibitor. 



 
Table 1. Summary of Results 



Orthopedic Surgical Experience with Emicizumab: A Case Report 

M. EVANS, C. DAVIS and M. EYSTER 

Penn State Health Milton S. Hershey Medical Center, Hershey, Pennsylvania, USA 

Introduction: Emicizumab is a bispecific monoclonal antibody that mimics activity of factor VIII 
(FVIII) as a treatment option for persons with severe FVIII deficiency with or without inhibitors. The 
reported experience with surgical interventions in persons on emicizumab is limited to results from 
the Haven trials. We compare our experience with two knee replacements - one before and one 
after the initiation of emicizumab- in a man with severe hemophilia A and a high titer inhibitor to 
FVIII.  

Case Presentation: This 48yo male with severe FVIII deficiency and a high titer inhibitor to FVIII 
developed hemophiliac arthropathy and required bilateral knee replacements that were 
complicated by recurrent infections necessitating removal and reimplantation of the hardware. In 
September 2012, he underwent reimplantation of a left total knee. He received a 120mcg/kg bolus 
of recombinant Factor VIIa (rFVIIa) before the first incision and 90mcg/kg/hour(h) continuous 
infusion (CI) in the operating room (OR). He required an additional 3 boluses of 90mcg/kg in the OR. 
Estimated blood loss was 1480ml. Post-op, he received rFVIIa 90mcg/kg/h by CI for 5 days, 
60mcg/kg/h for 1 day, 50mcg/kg/h for 1 day, 35mcg/kg/h for 1 day and 25mcg/kg/h for 1 day. He 
then received rFVIIa 90mcg/kg boluses every 3 hours (q3h) for 1 day, 180mcg/kg boluses q6h for 2 
days and 180mcg/kg boluses q8h for 2 days. During this time, he required an additional three rFVIIa 
90mcg/kg bolus doses for ongoing oozing from his incision. His total rFVIIa requirement was 
~18,795mcg/kg. He also required 3 units of packed red blood cells (pRBCs) in the post-op period. In 
September 2016, he was started on emicizumab 1.5mg/kg weekly following a loading dose of 
3mg/kg weekly x4 on the Haven-1 trial. In December 2018, he underwent reimplantation of a right 
total knee. He received his emicizumab on day of the procedure. He received 90mcg/kg bolus of 
rFVIIa prior to the first incision with 3 boluses of 90mcg/kg q2h while in the OR. Despite extensive 
manipulation in the OR and prolonged surgery, hemostasis was good to excellent and estimated 
blood loss was only 500ml. Post-op, he was started on rFVIIa 50mcg/kg/h by CI. On post-op day 1 
immediately after physical therapy, he developed bleeding into his right knee managed with 8 bolus 
doses of rFVIIa 90mcg/kg q2-3h with quick resolution of the bleeding. He was maintained on rFVIIa 
50mcg/kg/h for 4 days and 25mcg/kg/h for 5 days. He then received rFVIIa 75mcg/kg boluses q4h 
for 1 day and 75mcg/kg boluses q6h for 1 day with additional rFVIIa boluses prior to PT sessions for 
2 weeks post-op with good recovery. His total rFVIIa requirement was ~10,170mcg/kg. Notably, he 
required only 1 unit of pRBCs in the post-operative course while on emicizumab.  

Conclusion: As the use of emicizumab increases, continued dissemination of experiences with use 
of this agent for surgical procedures will prove invaluable to all who treat and manage persons with 
Hemophilia A. 



A rare case of Acquired Thrombotic Thrombocytopenic Purpura as initial 
presentation of childhood-onset Systemic Lupus Erythematosus 

S. FAROOKI, O. OLAIYA, J. JONES, S. CARPENTER and A. COOPER 

Children's Mercy Hospital, Kansas City, Kansas City, Missouri, USA 

Background: Acquired thrombotic thrombocytopenic purpura (aTTP) is rare in children. A systemic 
review of 79 children with aTTP showed ten children had an additional diagnosis of systemic lupus 
erythematosus (SLE) (Reese J, et al. Pediatric Blood and Cancer 2013). Of these, three children were 
diagnosed with SLE at the time of presentation with TTP and four were diagnosed with SLE during 
follow up (range 6-54 months). 

Objectives: To report a case of acquired Thrombotic Thrombocytopenic Purpura (TTP) as a rare 
presentation of childhood Systemic Lupus Erythematosus (SLE). 

Methods: Case Report 

Results: A 3-year-old girl presented with fever, fatigue, vomiting, dark urine, anemia and low 
platelets. Peripheral smear suggested thrombotic microangiopathy. She had a high positive anti-
nuclear antibody (ANA; 1:1280) ) titer, low C3, a urine sediment and pericardial effusion, however, 
double stranded DNA (dsDNA), extractable nuclear antigen and anti-phospholipid antibody testing 
was negative. She was diagnosed with aTTP (ADAMTS13 activity less than 5%, no inhibitor found 
and negative genetic testing for congenital TTP). She received plasmapheresis for 7 weeks. Steroids 
were initiated. Four days after plasmapheresis initiation, she had transient neurologic changes. 
Head imaging was concerning for thrombotic microangiopathy induced ischemia. Platelets 
remained below 10,000/mcl after a week of plasmapheresis. She received anti-CD20 antibody 375 
mg/m2 every 4 days for 4 doses then Vincristine 1.4 mg/m2 weekly for 3 doses with minimal 
improvement in thrombocytopenia. Given concern for SLE and low anticipated yield of testing due 
to ongoing plasmapheresis, she received 30 mg/kg methylprednisolone weekly for 2 doses and a 
single dose of cyclophosphamide 750 mg/m2. Platelets remained less than 25,000/mcl despite 
recovery of ADAMTS13 activity to 97%. Plasmapheresis and medications were discontinued due to 
concern for iatrogenic thrombocytopenia and she was discharged with stable thrombocytopenia. 
Rheumatologic testing repeated 3 months later confirmed diagnosis of SLE (Positive ANA and 
dsDNA, low C3/C4 and high B2 Immunoglobulin G). Her thrombocytopenia resolved without further 
intervention. ADAMTS13 activity remains normal. 

Conclusions: Acquired TTP can be a rare presentation of childhood SLE. An underlying SLE can 
trigger future relapses of TTP if it remains undiagnosed or unmanaged. As TTP episodes can be 
associated with mortality of 10-20% despite appropriate management, it is important to maintain 
an index of suspicion for this rare association. Decreased ADAMTS13 activity in remission is an 
important risk factor for TTP relapse and preemptive anti-CD20 antibody treatment has successfully 
been used to normalize low ADAMTS13 levels in patients in remission (Westwood JP, et al. Journal 
of Thrombosis and Hemostasis 2013). There are no guidelines for this. Developing this approach 
further may have therapeutic implications for patients with acquired TTP secondary to SLE. 



Benign Hematology Clinic in a Cancer Center: Improving Patient Understanding and 
Anxiety. 

N. FEI and M. ALMUBARAK 

West Virginia University, Morgantown, West Virginia, USA 

Background: Due to the combined nature of Hematology-Oncology, benign hematology clinics are 
often located within cancer centers1. Patients at the cancer center for benign hematology may 
experience anxiety regarding the nature of their referral. In a prior study2 conducted at Mary Babb 
Randolph Cancer Center (MBRCC) of West Virginia University (WVU), 32.3% of benign hematology 
patients thought their referral was for cancer evaluation. 46.2% of patients reported increased 
anxiety associated with evaluation at a cancer center. Given these findings, a statement explaining 
benign hematology was designed to better inform new patients. To our knowledge, our study is the 
first to report these findings. 

Methods: At MBRCC of WVU, a statement was included in the scheduling phone call for new 
patients to benign hematology clinic. “Your appointment is at the cancer center; however, you will 
be seen at the benign hematology clinic – where our doctors see patients with non-cancerous blood 
problems.” Patients receiving the scheduling call personally received the statement. Patients not 
receiving the call personally did not receive the statement and acted as a control. Effects of the 
statement were measured in a pre-visit survey administered to new benign hematology patients. 
The survey assessed patient demographics, understanding and anxiety regarding the referral. (See 
figure 1) Basic percentages with X2 testing was performed to identify potential associations 
between variables. 

Results: A total of 41 patients completed surveys (n=41). Respondents’ characteristics are included 
in Table 1. 24 of 41 were included in the intervention group. Of the intervention group, 66.6% 
reported improved understanding after hearing the statement, and 58.3% reported feeling less 
anxious. Of the total cohort, 73.1% had been referred by their general provider. 64.7% and 58.3% of 
control and intervention groups respectively reported asking their referring physician to explain the 
referral. 70.5% and 75% of the control and intervention group respectively reported understanding 
that cancer doctors also handle other diseases. 45.8% and 17.6% of the intervention and control 
groups respectively reported feeling anxious that they would be seen at a cancer center. 37.5% and 
5.8% of the intervention and control groups respectively were afraid that they might have cancer. 

Conclusions: The majority of the cohort was referral by their general provider and had asked for an 
explanation. This may explain similar rates of understanding regarding the nature of their visit and 
the role of a hematologist between the two groups. Notably, the interventional group reported 
higher rates of general anxiety, and fear of cancer diagnosis. This may indicate that patients require 
disease explanation directly from a known physician rather than a scheduler. In fact, communication 
outside the patient-physician rapport may lead to higher rates of anxiety and fear. 

1) Arnold DM, Cuker AC, Neunert C: Consultative hematology I: Hospital-based and selected 
outpatient topics. American Society of Hematology Self-Assessment Program, 2013. http://ash-
sap.hematologylibrary.org/ 2) Khimani F, Curley B, Almubarak M. Survey of Patients Referred to a 
University Cancer Center for Benign Hematology: Quality Measures and Patient Understanding. 
Journal of Oncology Practice, 2014. Vol 11(1):26-29 



 
Figure 1: Template Survey 

 
Table 1 and 2: Patient demographics and responses 



  

Risk of Venous Thromboembolism (VTE) in Children with Central Nervous System 
(CNS) Tumors – Findings from a Multi-center Cohort Study using the Pediatric 
Health Information Systems (PHIS) Database 

R. GRAHAM1, S. COVEN2, J. STANEK1, A. FOLTA1, E. HOLLINGSWORTH3 and R. KUMAR1 

1Nationwide Children's Hospital, Columbus, Ohio, USA; 2Riley Children's Hospital, Indianapolis, 

Indiana, USA; and 3UC Irvine, Irvine, California, USA 

Background: Central nervous system (CNS) tumors are the most common solid tumors of childhood. 
The overall incidence of childhood CNS cancer varies globally, with the United States having the 
highest documented incidence (5 per 100,000 persons). Furthermore, CNS tumors are the leading 
disease-related cause of death in children ages 1-19 in the United States. VTE has been well 
described in a significant portion of adults with brain tumors. Similar data for children is either 
lacking or outdated. 

Objectives: The purpose of this retrospective, multicenter cohort study is to estimate the rate of 
venous thromboembolism and determine possible risk factors among children with brain cancer 
followed at 52-free standing children’s hospitals in the US. 

Methods: This study was deemed to be exempt by the Institutional Review Board (IRB) at 
Nationwide Children’s Hospital. Data for this study was obtained through PHIS, an administrative 
database that contains inpatient, ER, ambulatory surgery and observational data from 52 free 
standing children’s hospitals in the US. Data quality and reliability are assured through a joint effort 
between Children’s Hospital Association and participating hospitals. ICD-9-CM and ICD-10-CM codes 
were used to identify subjects. Eligible subjects were admitted to one of the PHIS hospitals between 
01/01/2010 and 06/30/2018 had CNS tumor discharge codes. VTE and comorbid conditions of 
interest (congenital heart disease, chronic renal disease, obesity etc) were also identified using ICD-
9/ICD-10 codes. Supply codes were used to identify central venous line (CVL) placement and 
pharmaceutical billing codes to identify oral contraceptive and bevacizumab use. Logistic regression 
analysis will be used to study association between unique patient characteristics and VTE. Due to 
the low event rate of VTE, logistic regression models will be corrected using the Firth correction 
method. Variables found to be significant (p-value < 0.05) on univariate analysis will be entered into 
a multivariable model. All data were summarized and presented using descriptive statistics. All 
statistical analyses were performed using SAS software, version 9.3 (SAS Institute, Cary, NC). 

Results: A total of 18053 unique subjects met inclusion criteria with a median age (IQR) of 9 (4-14) 
years. 427 (2.4%; 95% CI: 2.2-2.6%) developed VTE during the study period. Median age (IQR) at VTE 
diagnosis was 10.3 (2.9-15.9) years. At last follow up 53/427 (12.5%) subjects with VTE diagnosis 
had died, whereas 940/17,626 (5.3%) of subjects with no documentation of VTE had died 
(p<0.0001). We are currently performing univariate and multivariable analysis assessing the 
association between additional risk factors and VTE. Additionally, we have obtained IRB approval to 
validate these findings with an institutional review of patients with CNS tumors over the same study 
period (1/1/2010 - -6/30/2018). 



Conclusions: Rate of VTE in children with CNS tumors admitted to children’s hospitals in the US is 
around 2.4 %. When compared to previous PHIS database studies, this is comparable to VTE rate in 
children with congenital heart disease undergoing cardiac surgery (2.7%), but higher than the VTE 
rate in children with trauma and lower-extremity fractures (0.05% to 0.2%). We are currently 
analyzing risk factors associated with VTE and validating this database study with an IRB approved 
single institution retrospective study. We anticipate the final results to be available by the time of 
Hemostasis and Thrombosis Research Society Annual Meeting 



Targeting autoantibodies against ADAMTS13 in immune thrombotic 
thrombocytopenic purpura 

K. HALKIDIS and X. ZHENG 

University of Alabama at Birmingham, Birmingham, Alabama, USA 

Background: Immune thrombotic thrombocytopenic purpura (iTTP) is caused by autoantibody-
mediated inhibition of A Disintegrin and Metalloprotease with Thrombospondin Motifs 13 
(ADAMTS13). Despite improvements in mortality since the advent of therapeutic plasma exchange 
(TPE) to treat this otherwise nearly universally fatal disorder, the procedure itself carries risk and 
requires hospitalization in a facility capable of placing invasive central venous access and close 
monitoring of platelet levels. As such, there is an urgent need to develop treatments for iTTP that 
are less invasive and less costly than TPE, ideally with an agent that can both prevent inhibitory 
antibody binding to ADAMTS13 and displace antibodies once they are already bound. From our 
previous studies, we have seen that a vast majority of patients with iTTP have antibodies that target 
a region of ADAMTS13 known as the spacer domain which is also crucial for recognition of its 
substrate von Willebrand factor (VWF) (Ai J, et al. JBC 2005 280:29428). Single-chain fragments of 
the variable region (scFvs) of antibodies from a patient with iTTP have been isolated in order to 
study how inhibitory antibodies and ADAMTS13 interact; one particular fragment, scFv4-20, confers 
strong inhibitory activity (IC50 0.4 nM) against wild-type ADAMTS13 (Casina VC, et al. PNAS 2015 
112:9620). 

Objectives: To determine if a purified, isolated spacer domain from ADAMTS13 can be used to 
compete for autoantibody binding and displace inhibitory antibodies once they are already bound. 
Our overall goal is to see if targeting inhibitory antibodies against ADAMTS13 is a viable strategy to 
treat patients with iTTP. 

Methods: A V5-His-tagged spacer domain was expressed, refolded, and purified from Escherichia 
coli (BL21Ai strain) using affinity chromatography. It was then incubated at 37°C with normal human 
plasma (NHP) containing ADAMTS13 and scFv4-20 in the presence of a fluorescein-labeled VWF73 
peptide, an in-vitro substrate of ADAMTS13 that fluoresces upon cleavage (Zhang L, et al. Anal 
Biochem 2006 358:298). We used two experimental models: 1) purified spacer domain pre-
incubated with NHP, then add scFv4-20 and VWF73; and 2) scFv4-20 pre-incubated with NHP, then 
add spacer domain and VWF73. We used purified cys-rich domain from ADAMTS13 as a negative 
control. 

Results: The presence of purified spacer domain decreased the inhibitory activity of scFv4-20 
against wild-type ADAMTS13 in NHP in a concentration-dependent manner in both experimental 
models; the cys-rich domain had no effect on antibody-mediated inhibition (Figure 1). When the 
concentration of scFv4-20 was fixed at 1.25 nM, purified spacer domain at the final concentration of 
1000 nM recovered activity by 2.1-fold in model 1 and by 1.5-fold in model 2 (Figure 2). 

Conclusions: Our results demonstrate that antibody-mediated inhibition of ADAMTS13 can be 
prevented and reversed by a molecular mimic of the antibody-binding region of the full-length 
protein. 



 
Reversal of antibody-mediated inhibition by spacer domain. 



 
Spacer domain reverses antibody-mediated inhibition of ADAMTS13 in a dose dependent manner. 



Evaluation of Different Methods of Interpreting the Mixing Study for Lupus 
Anticoagulant Testing in Children 

W. HOLLON1, M. RAJPURKAR2, M. STEWART1, B. UMAMAHESWARAN3 and M. CHITLUR2 

1Wayne State University School of Medicine, Detroit, Michigan, USA; 2Wayne State University School 

of Medicine, Children's Hospital of Michigan, Detroit, Michigan, USA; and 3Children's Hospital of 

Michigan, Detroit, Michigan, USA 

Background: A Lupus Anticoagulant (LA) causes in-vitro prolongation of coagulation tests including 
Prothrombin Time (PT) and Activated Partial Thromboplastin Time (PTT). Multiple methods exist for 
LA confirmatory testing including the mixing study (MS). Interpretation of the MS is controversial 
with no guidelines for use in pediatrics. Previously, we compared four MS interpretation methods 
and reported that Chang Percent Correction Formula (CPCF) (Chang S, et al. Am J Clin Pathol 2002) 
correlated best with the confirmatory assay in our patients. Subsequently, ISTH released guidelines 
for LA testing which included the MS (Pengo V, et al. J Thromb Haemost 2009) using LA sensitive 
reagent with a cut-off value above the 99th percentile or calculating the index of circulating 
anticoagulant (ICA) in addition to a second confirmation (Dilute Russel Viper Venom Time, DRVVT). 

Objectives: 1. To determine optimal MS interpretive method (LA sensitive PTT reagent using 99% 
upper limit cut-off, ICA and CPCF) for detection of LA 2. To recognize the role of DRVVT in the 
diagnosis of a LA in children. 

Methods: Patients, ages 5 months to 19 years, that were tested for LA from 2014 to 2017 and had 
discarded plasma with a prolonged PT or PTT, were included. MS were performed using PTTLA 
(Diagnostica Stago, Parsippany, NJ) and Pooled Normal Plasma (George King Biomedical, Overland 
Park, KS). DRVVT was performed using CRYOcheck LA (Precision Biologics, Dartmouth, NS). The MS 
interpretation methods were compared to the Staclot LA confirmatory assay (Diagnostica Stago, 
Parsippany, NJ) and the DRVVT screen was compared to the DRVVT confirmatory test. False 
positive, False Negative and correlating results were tabulated and analyzed to determine sensitivity 
and specificity. 

Results: 157 plasma samples were identified from 106 patients. Three samples were insufficient to 
complete additional testing. The 99% upper limit cut-off resulted in sensitivity of 94.5% and 
specificity of 58.8%. Interestingly, the 97.5% upper limit cut-off suggested by BCSH (Keeling D, et al. 
Br J Haematol 2012) and CLSI (2014) gave the same sensitivity but a lower specificity (50%). Using 
the ICA gave similar results as previously noted: sensitivity 61.8% and specificity 97%. With this 
evaluation, CPCF did not outperform the other methods: sensitivity 89.2% and specificity 52.5%. 
DRVVT showed great sensitivity and specificity (96.9% and 79.8% respectively) and identified 3 
additional LA positive samples that were originally negative by MS. 

Conclusions: The ISTH recommendation of using the 99% upper limit cut-off seems to be the 
optimal method for interpreting the MS. ICA appears to lack sensitivity for use in children. Based on 
the results we also determined that the DRVVT assay has excellent sensitivity and specificity and 
should be included in pediatric LA testing. 



Analysis of Inferior Vena Cava Filter Placements: A Single Institution Quality 
Improvement Project 

D. HOUGHTON, L. PETERSON, L. RUPKALVIS, I. MCPHAIL, R. MCBANE, H. BJARNASON and E. KNAVEL 

Mayo Clinic, Rochester, Minnesota, USA 

Background: Guidelines for inferior vena cava (ICV) filter insertion vary significantly among different 
professional organizations. Recent data indicates that the number of IVC filter insertions nationally 
in the United States is decreasing. Optimizing use of IVC filters and appropriately removing them is 
an important component of providing quality care. 

Methods: As a part of an ongoing quality improvement project at Mayo Clinic, Rochester 
Minnesota, IVC filter placements and retrievals are tracked. The age, gender, dates of insertion, 
brand of filter, and clinical circumstances for filter insertions are recorded. Data on circumstances of 
filter placement are obtained from the medical record to determine the type of filter placed 
(permanent or retrievable) and whether the IVC filter was placed for a prophylactic indication or 
venous thromboembolism (VTE) treatment indication. A prophylactic indication was defined as no 
recent VTE within 90 days. A recent episode of VTE (<90 days) was considered treatment. 
Categorical variables were compared using the Chi-square test for independence and age was 
compared with categorical variables using the student’s t-test. 

Results: In 2018, 156 filters (135 retrievable, 21 permanent) were placed. The 6-year trend of IVC 
filter insertions and removals are shown in Figure 1. A 36% reduction in overall filter placements 
was observed since 2016 (n=244). The mean age for IVC filter insertions in 2018 was 61.8 years old 
and 58.9% were men. The reason for an IVC filter placement was treatment of VTE in 75% and the 
rest were placed prophylactically (25%). The reason for treatment filters was acute hemorrhage in 
66.7% and anticoagulation interruption (for a procedure) in 28.9%. For IVC filters placed for a 
treatment indication, pulmonary embolism was present in 59% (n=69), proximal deep vein 
thrombosis (DVT) in 54.7% (n=64), and distal DVT in 47.9% (n=56). Isolated distal DVT was the 
reason for IVC filter placement in 13 patients (11.1%). The reason for a prophylactic filter insertion 
was trauma in 61.5%, surgery in 25.6% and malignancy in 12.8%. No filters were placed prior to 
bariatric surgery. Females and males had similar use of prophylactic filters (23% vs 26%, p=0.14) and 
retrievable filters (84% vs 88%, p=0.44). The mean age for a prophylactic IVC filter insertion was 53 
versus 65 for a treatment indication (p=0.045). The mean age for placement of permanent filters 
was 81 versus 59 for retrievable filters (p=0.002). The most commonly used IVC filter was the Argon 
Option Elite (70%). 

Conclusions: The use of IVC filters continues to evolve and the rates of IVC filter insertions have 
been decreasing at our institution, similar to national trends. Age (but not sex) related differences in 
the utilization of IVC filters were observed. Reasons for IVC filter use were broad and reflect the 
heterogeneity in the guidelines but with the large majority of filters being placed in patients with 
active (recent) VTE. 

Acknowledgements: Supported by the Center for Clinical and Translational Science (UL1TR002377) 



 



Therapeutic red cell exchange transiently normalizes differences in t-PA mediated 
fibrinolysis between sickle cell and non-sickle cell whole blood clots by reducing 
platelet-derived PAI-1 

A. ILICH, A. SOTIAUX, Y. PARK, N. KEY and R. PAWLINSKI 

UNC Chapel Hill, Chapel Hill, North Carolina, USA 

Background: A chronic hypercoagulable state and increased risk of thrombotic complications are 
well documented in sickle cell disease. We have previously reported that tPA-challenged clot lysis 
time (CLT) was not different in platelet free plasma samples between sickle cell (SS) patients and 
non-sickle (AA) controls. However, whole blood clots from SS patients were more resistant to 
fibrinolysis (Figure 1), indicating that the cellular fraction of blood mediates resistance of SS clots to 
t-PA. Furthermore, we observed that red blood cell (RBC) exchange in sickle patients transiently 
normalizes the differences observed in t-PA mediated fibrinolysis of SS and AA whole blood clots as 
demonstrated by significantly reduced CLT of post-exchange (POST-Ex) but not pre-exchange (PRE-
Ex) clots (Figure 1). RBC exchange not only increased the percentage of HbA, as expected, but also 
significantly reduced platelet number by approximately 50% in POST-Ex blood compared to the PRE-
Ex state. 

Objectives: We therefore hypothesized that the reduced number of platelets could explain 
enhanced fibrinolysis in post exchange clots by attenuating PAI-1 levels. 

Methods: Citrated blood was obtained from SS patients (n=14) on chronic RBC exchange before 
(PRE-Ex) and immediately following the procedure (POST-Ex). Sample collection was approved by 
the IRB. Clotting was initiated in 0.5 ml tubes by TF in the presence of t-PA (0.6 or 1.2 or nM). A steel 
ball (d=2 mm, 0.13 g) was then placed on the clot surface. CLT was defined as time taken by the ball 
to traverse the clot, as recorded by time-lapse video. Platelets were isolated from the PRE-Ex blood 
samples and used to reconstitute their number in POST-Ex blood samples to the levels observed in 
PRE-Ex blood. Serum levels of total and active PAI-1 were analyzed using ELISA assays in separate 
samples one hour after clot initiation. 

Results: Consistent with our previous data, CLT was significantly reduced (p=0.003) in POST-Ex 
compared to PRE-Ex clots challenged with 0.6 nM of tPA (Figure 2). CLT reduction corresponded 
with the reduction of platelet number in the blood (277±109 vs. 145±51 X 103/ml, p<0.0001; 
mean±SD) as well as total (13.2±1.6 vs. 5.6±2.9 ng/ml, p=0.006) and active PAI-1 (8.7±1.9 vs. 2.8±1.5 
U/ml, p<0.0001) levels in serum between these two groups. Restoring platelet number in POST-Ex 
samples (POST-Ex +PLT) to that observed in PRE-Ex blood resulted in significant (p=0.03) 
prolongation of the CLT (Figure 2). Indeed, the level of total PAI-1 in POST-Ex +PLT serum was 
completely restored compared to PRE-Ex serum (13.23±1.58 vs. 13.31±15.7 ng/ml). whereas the 
level of active PAI1 was partially restored (8.7±1.9 vs. 6.1±2.1 U/ml) . Similar results for CLT were 
observed when clots were challenged with 1.2 nM rather than 0.6 nM tPA. 

Conclusions: Our results indicates that RBC exchange in SCD transiently accelerates fibrinolysis in 
whole blood, which is associated, in part, with a reduction of soluble platelet-derived PAI-1 levels. 
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Background: Thrombophilia, a state of increased tendency to develop a thrombosis, can be caused 
by factors that are genetic, acquired, or both. Currently, there are no US guidelines for 
thrombophilia testing in patients with a venous thromboembolism (VTE). This study evaluated the 
appropriateness of thrombophilia testing at a tertiary care institution. 

Objectives: To determine the trend and cost of thrombophilia testing procedures and compare that 
to the recommendations for thrombophilia testing. 

Methods: Study design included a retrospective record review of thrombophilia testing in patients 
with a VTE that were at least 18 years old during 2017. Testing was considered to be inappropriate if 
performed while on anticoagulants, at first episode of DVT, in those with a provoked DVT/PE, and 
those with no family history of VTE in concordance with the National Institute of Health and Clinical 
Excellence Guidelines (NICE). These patient records were analyzed for appropriateness of the 
following tests: Antithrombin III levels, Protein C levels, Protein S levels, Factor V Leiden Mutation, 
Prothrombin Assay, Lupus Anticoagulant, Anticardiolipin Antibodies, Homocysteine levels, and 
Methyl Tetrahydrofolate abnormalities. Patients with previous VTE were excluded from the study. 

Results: There were 240 first time VTE’s in the study population and 54 (23%) had thrombophilia 
testing performed. Those tested had an average age of 52 (23-94), a mean BMI of 34 (range 19-74). 
A total of 239 tests were performed of which 162 (68%) were done at inappropriate times or during 
inappropriate clinical scenarios. In the 54 patients, 47(87%) had studies drawn on initial admission 
and/or during their initial hospitalization. Twelve (22%) had a provoked VTE (surgery, 
immobilization, testosterone, or estrogen) of which 1 had a positive test and 8 (15%) of patients had 
a positive family history for VTE. Overall, positive tests were noted in 13 (24%) of those tested and 
17 tests were performed in which 4 had a positive family history. However, 9 of these tests were 
done at an inappropriate time. The most prominent appropriate test conducted were lupus 
anticoagulant (17%), anticardiolipin antibodies (16%), factor V leiden mutation (14%), and 
homocysteine levels (10%). The total cost of all inappropriate tests was $46,099. 

Conclusions: Thrombophilia testing is associated with high cost and is often inappropriately done. 
This study highlights the judicious use of thrombophilia testing and therefore healthcare dollars 
especially when the value of the results in clinical practice may be limited. 

Authors acknowledge data collection assistance of Charles M.B. Simpson. 



 
The appropriateness, cost, and reimbursements of hypercoagulable studies. 



Fixed dosing of 4-factor prothrombin complex concentrate for reversal of 
anticoagulation 
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Background: Reversal of anticoagulation is required in setting of bleeding or emergent surgical 
procedures. Four-factor prothrombin complex concentrate (4F-PCC) is used for reversal of warfarin 
therapy or as off-label treatment of hemorrhage associated with direct oral anticoagulants. The 
ability to quickly mix and administer 4F-PCC is advantageous but dosing strategies that optimize 
anticoagulant reversal and cost, such as fixed dosing, are under review. 

Objectives: The primary objective of this study is to evaluate the effectiveness and cost savings of 
fixed dosing of 4F-PCC at 1500 units for warfarin reversal and 2000 units for management of 
hemorrhage associated with direct oral anticoagulants. 

Methods: We retrospectively reviewed the use of 4F-PCC at the three hospitals of Froedtert and the 
Medical College of Wisconsin (Froedtert Hospital, Community Memorial Hospital and Saint Joseph’s 
Hospital). As a quality improvement initiative, the health system guideline “Management of 
Anticoagulation Associated Bleeding and Reversal of Anticoagulation” and entries within the 
electronic health record (EHR) were updated to include dosing recommendations for fixed dosing. 
Monthly retrospective review of all use of 4F-PCC was completed. 

Results: A total of 49 patients received 4F-PCC for anticoagulation reversal and 40 of these received 
a fixed dose of 4F-PCC in 2.5 months after guideline implementation. Thirty-one patients had 
warfarin reversed and 28 patients had repeat INR values. INR values of less than 1.7 occurred in 
25/28 patients (89%) and INR values of 1.3 or less occurred in 16/28 (57%) patients (Figure 1). This 
reversal rate is similar to a previous randomized trial of 4F-PCC (Sarode, et al. Circulation 2013). 
Only one patient received a repeat dose of 4F-PCC for an intracranial hemorrhage while taking 
rivaroxaban (total dose of 50 units per kg). Intracranial or spinal hemorrhages occurred in 16 
patients. Eight patients died during the hospital stay due to intracranial hemorrhage following use 
of 4F-PCC. Only one patient died of hemorrhage progression; the patient’s INR was 1.1 at the time 
of 4F-PCC administration as 4F-PCC was given before the laboratory test resulted. One patient 
received desmopressin for dialysis catheter site bleeding that resolved after suture placement. No 
other prohemostatic medications were administered. Use of fixed dosing saved 34,437 units of 4F-
PCC comparing to previous weight-based dosing strategies. Cost savings was approximately $55,000 
over 2.5 months. 

Conclusions: Fixed dosing of 4F-PCC provides INR reversal for warfarin is consistently less than 1.8 
without a clinical need for additional 4F-PCC dosing. Use of fixed dosing of 4F-PCC can provide a 
significant cost savings to a health system. 



 
Figure 1: INR change in Patients Who Received fixed dose 4-factor prothrombin complex 
concentrate (4F-PCC) For Warfarin Reversal 



Use of Recombinant Porcine Factor VIII in Treatment of Acquired Hemophilia A in 
Four Patients 

A. KAVENEY, M. DANISH and C. PHILIPP 

Rutgers Robert Wood Johnson Medical School, New Brunswick, New Jersey, USA 

Background: Acquired hemophilia A (AHA) is a rare bleeding disorder that results from an 
autoimmune response against human factor VIII (FVIII) resulting in new onset abnormal bleeding 
patterns. Management of AHA remains a challenge, focusing on maintaining hemostasis and 
inhibitor eradication via immunosuppressive therapy. Recombinant porcine FVIII (rpFVIII) has been 
recently approved in the treatment of AHA. It has sufficient sequence homology with FVIII to allow 
for hemostatic control, but enough variation minimizing cross-reactivity with the inhibitor [Kempton 
C, et al. Haemophilia 2012]. RpFVIII provides advantages over traditional bypassing agents (BPA), 
including the ability to measure response of rpFVIII via one stage clotting assays for FVIII activity and 
less thromboembolic risk [Kruse-Jarres R, et al. AJH 2017]. Current guidelines recommend an initial 
dose of 200 units/kg with further doses titrated based on trough FVIII activity [Kruse-Jarres R, et al. 
AJH 2017]. Questions remain about the applications of rpFVIII, including appropriate starting dose, 
maximum dose, dose intervals, and circumstances where rpFVIII may not be as effective as 
traditional BPA. In this case series we present our experience with four patients with AHA that 
received rpFVIII. 

Results: Table 1 summarizes patient characteristics and rpFVIII response in four patients. 

Conclusions: In the trials used to approve rpFVIII, response in FVIII activity was seen in all patients 
and hemostatic control of initial bleeding episode was achieved in 86% [Kruse-Jarres R, et al. AJH 
2017]. The small trials used for the approval of rpFVIII limit information about the exact dosing 
needed to achieve effective hemostatic control. In Case 1, we report a patient with an extremely 
elevated FVIII inhibitor with no response in FVIII activity despite increasing doses. It is possible that 
patient had cross reactivity from preexisting anti-porcine factor VIII antibodies, seen in 30% of 
patients during the safety/efficacy trial; however even patients with baseline anti-porcine FVIII Ab 
did show some rise in FVIII activity. Our series demonstrates that the total dose of rpFVIII required 
to achieve hemostasis is variable. Although 200 units/kg is recommended as the starting dose for 
acute bleeding events, in our series 3/4 patients achieved adequate FVIII levels and hemostatic 
control with lower initial and subsequent doses. The ability to use a lower dosing regimen may also 
lead to decreased thrombotic risk, a concern with supra-physiological levels of FVIII activity 
following current recommended loading dose [Fosbury E. et al. Therapuetic Advances in 
Hematology 2017]. The four individuals in our series were 80 years of age or older and none 
experienced adverse reactions. Our experience with rpFVIII suggests further studies are needed to 
determine optimal dosing as well as the frequency and etiology of a lack of FVIII response with 
rpFVIII in patients with AHA. 



 
Table 1. Characteristics of 4 patients with Autoimmune Hemolytic Anemia and rpFVIII regimen 
received. 



Aspirin Use and Venous Thromboembolism in Pancreatic Cancer Patients who have 
an Indwelling Central Venous Catheter 
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Background: Patients with pancreatic cancer are at high risk of developing venous 
thromboembolism (VTE). A central venous catheter (CVC) is placed in many patients for 
administration of chemotherapy and can be complicated by development of CVC-associated 
thrombosis. It is unknown if aspirin reduces the risk of VTE in pancreatic cancer patients who have 
an indwelling CVC. 

Objectives: We aimed to determine if aspirin use decreases the risk of VTE or CVC-associated 
thromboembolism in pancreatic cancer patients with an indwelling CVC. 

Methods: We conducted an IRB-approved, single-center retrospective case-control study for 
patients aged 18 years or older diagnosed with pancreatic cancer (adenocarcinoma, 
adenosquamous, or acinar histology) from Jan 2012 to Feb 2018. Cases consisted of patients with an 
indwelling CVC who had VTE. The control population had a CVC, but no VTE. Subjects were excluded 
if they were already on anticoagulation at time of CVC placement. The use of aspirin was assessed 
as yes or no based on the electronic medical record medication list (prior to the VTE when 
applicable). Bleeding episodes were as defined by the International Society on Thrombosis and 
Haemostasis. Descriptive statistics were used to report demographics. Univariate analyses were 
performed using student t-test and Chi-square test as appropriate. Logistic regression was used to 
evaluate associations between variables and VTE. 

Results: There were no significant differences in baseline demographics, Charlson comorbidity 
score, ECOG performance status (PS), and pre-chemotherapy labs between the cases and controls 
(Table 1), except a higher Khorana score (p=0.03) and decreased rate of metastatic stage (p=0.06) in 
the control population. Of the 336 total patients, 126 cases had VTE (37.5%). There were 10 cases of 
CVC-associated thrombosis, of which only one was on aspirin (p=0.096). Pulmonary embolism was 
the most common type of VTE (33.3%), and the majority of them (78.6%) were incidental findings 
(Table 2). The frequency of aspirin use in controls (41.9%) and cases (35.7%) was not statistically 
significant (p=0.26). The variables included in the logistic regression model were age, sex, BMI, 
history of VTE, smoking status, Charlson comorbidity score, ECOG PS, Khorana score, cancer stage, 
and aspirin use. There was a trend towards a decreased risk of VTE on aspirin (OR 0.77, p=0.344, 
95% CI 0.45-1.32). Higher BMI (OR 1.07 per unit increase in BMI, p=0.004, 95% CI 1.02-1.13) and 
metastatic/recurrent disease (OR 3.15, p=0.04, 95% CI 1.05-9.41) were associated with an increased 
risk of VTE. 

Conclusions: Aspirin may provide a reduction in the risk of VTE, including CVC-associated 
thrombosis in patients with pancreatic cancer. Future studies in this high-risk patient population 
with larger cohorts are warranted to provide additional insight. 



 
Characteristics of Patients With Pancreatic Cancer and a Central Venous Catheter by Presence or 
Absence of VTE 



 
Characteristics of Pancreatic Cancer Patients with a Central Venous Catheter and VTE 



BIVV001: The first investigational factor VIII (FVIII) therapy to break the von 
Willebrand factor (VWF) half-life ceiling, with potential for more optimal, extended 
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Background: Prophylactic replacement factor dosing is standard treatment in severe hemophilia. 
Conventional recombinant FVIII (rFVIII) products are efficacious in hemophilia A but require 
frequent administration because rFVIII binding to endogenous VWF induces a half-life (t1/2) ceiling 
effect. Increasing the t1/2 of rFVIII is ultimately dependent upon decoupling FVIII and endogenous 
VWF. BIVV001 (rFVIII-VWF-XTEN) is a novel investigational rFVIII therapy with single-chain FVIII, the 
Fc domain of human immunoglobulin G1, two XTEN polypeptides, and the FVIII-binding D′D3 
domain of VWF, designed to circulate in plasma independently of VWF and thereby breaking the 
VWF-imposed t1/2 ceiling. 

Objectives: To present interim analysis results of EXTEN-A, a Phase 1/2a study assessing the safety 
and tolerability of single-dose BIVV001, and the pharmacokinetic (PK) characteristics of single-dose 
BIVV001 compared with rFVIII. 

Methods: EXTEN-A (NCT03205163) is an open-label, dose-escalation, multicenter study. Previously 
treated adult males with severe hemophilia A (<1 IU/dL [<1%] endogenous FVIII activity) with ≥150 
exposure days to FVIII products were included. After a screening and washout period of up to 28 
days, subjects received single-dose rFVIII (25 or 65 IU/kg). After no less than a 3-day washout 
period, subjects then received single-dose BIVV001 at the same dose as rFVIII. Blood samples for PK 
analysis were collected for 3 days after rFVIII dosing and up to 14 days after BIVV001 dosing. 
Inhibitor testing was performed 14 and 28 days after BIVV001 administration. Adverse events, 
clinically significant abnormalities in laboratory tests (including inhibitor development), and PK 
parameters were assessed. 

Results: Out of 7 subjects enrolled in Cohort 1 (25 IU/kg), 6 were dosed with BIVV001. Subjects in 
this group were primarily white (n=6 [86%]) with a mean age of 33 years. At the interim analysis, 2 
of the 8 planned subjects in Cohort 2 (65 IU/kg) were 32 and 63 years of age and white, have been 
dosed with BIVV001, and have analyzed data available. BIVV001 was generally well tolerated and no 
inhibitors were detected through 28 days after BIVV001 dosing. For Cohort 1 (Figure and Table), a 
single 25 IU/kg BIVV001 dose provided a t1/2 approximately four times greater than the 25 IU/kg 
rFVIII dose (37.6 hours vs 9.1 hours). Average FVIII activity post-infusion of BIVV001 was 12.2% at 5 
days and 5.3% at 7 days. For the first 2 subjects in Cohort 2 (Figure and Table), a single 65 IU/kg 
BIVV001 dose showed an extended t1/2 of 43.8 hours versus a 17.0-hour t1/2 for rFVIII. Average 
FVIII activity post-infusion of BIVV001 was 39.6% at 5 days and 18.5% at 7 days. 



Conclusions: BIVV001 was well tolerated in EXTEN-A subjects included in the interim analysis. No 
subject developed an inhibitor to FVIII. Early data for BIVV001 demonstrates high FVIII activity with 
the potential to provide more optimal, extended protection for people with severe hemophilia A. 

 

 



Sexual Quality of Life in Women with Congenital Bleeding Disorders 
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Background: Women with heavy menstrual bleeding (HMB) and bleeding disorders have 
compromised daily functioning and quality of life. Among these symptoms, sexuality-related 
symptoms have emerged as important, and largely unaddressed. 

Objectives: The objective of our study was to describe patient-report sexual outcome measures in 
women with HMB and bleeding disorders. 

Methods: Women with bleeding disorders and HMB, defined as a pictorial blood assessment chart 
score >150, were enrolled from the Emory Comprehensive Bleeding Disorders Clinic at Children’s 
Healthcare of Atlanta or Emory Midtown Hospital from August 2017 to December 2018. In a single 
clinic visit we collected demographic information, clinical diagnostic characteristics and the data on 
menstrual bleeding utilizing the Menstrual Bleeding Questionnaire (MBQ). Additionally, we 
collected data on sexual quality of life utilizing the PROMIS Sexual Function and Satisfaction 
Measure (PROMISSexFS), the sexual quality of life-female questionnaire (SQOL-F). 

Results: Over 16 months thirty women with bleeding disorders and HMB were enrolled and 
completed all surveys. The mean age of the participants was 33.9 years (SD: 9.2). Fifteen patients 
with hemophilia (12 with FVIII and two with FIX deficiency; one with unknown type), thirteen with 
von Willebrand Disease (VWD) (7 with type 1, two with type 2A, one with type 2N, two with type 3, 
and one with unknown type), and two patients with both FVIII deficiency and VWD were included in 
the cross-sectional analysis. The median MBQ score was high at 22 (Interquartile range: 29). Overall, 
women with HMB and bleeding disorders reported impaired sexual QOL, with 51% describing a 
moderate to severe degree of impaired sexual QOL in the domains of psychosexual feelings, sexual 
and relationship satisfaction, self-worthlessness, emotional and relationship issues. A third of 
women reported not being interested in sexual activity on a routine basis while 38% reported 
moderate sexual dysfunction. Women with impaired sexual quality of life on SQOL-F and sexual 
dysfunction on PROMISSexFs had higher MBQ scores (32 vs. 22 for those without any sexual 
impairment). 

Conclusions: Women with bleeding disorders and HMB are at risk for impaired sexual QOL. Further 
studies are needed to understand the etiologic underpinnings of impaired sexual QOL in this patient 
population. 



Ensuring Safe Anticoagulation in Pediatric Oncology Patients with Venous Thrombo-
embolism: A Quality Improvement Initiative 
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Background: Venous thrombo-embolism (VTE) is being increasingly recognized in children. More 
than 95% of pediatric VTE is provoked. Central venous lines (CVL) and cancer are important risk 
factors for pediatric VTE. The American College of Chest Physicians (ACCP) and American Society of 
Hematology (ASH) recommend ≤3 months of therapeutic anticoagulation for provoked VTE, with 
ongoing prophylaxis in case of persistent risk factors. In an internal audit, we identified 21 oncology 
patients diagnosed with VTE between 01/01/2014 – 12/31/2015 at Nationwide Children's Hospital 
(NCH). Only 3 (14%) patients had been evaluated by hematology and 5/19 (26%) patients had 
appropriate therapy defined as 12 (±2) weeks of therapeutic anticoagulation. 

Objectives: A quality improvement (QI) initiative was started in 04/01/2016 to ensure safe 
anticoagulation for oncology patients diagnosed with VTE. Key drivers of this initiative included 
establishing institutional clinical practice guidelines for anticoagulation and institute 
“anticoagulation action plans” (figure 1) for all newly diagnosed oncology patients with VTE. Herein, 
we review our experience with this QI initiative. 

Methods: IRB exempt, retrospective review of a prospectively maintained QI database. 

Results: Electronic data warehouse generated a weekly list of newly diagnosed VTE patients. All 
cancer patients with VTE were identified through this list and their medical records were reviewed 
during the bi-monthly thrombosis team meeting. A trackable “anticoagulation action plan” was 
developed for the purpose of the study. The anticoagulation action plan was placed in the patient 
chart by a single hematologist or nurse practitioner either during the thrombosis team meeting, or 
at the time of hematology/anticoagulation consult. Between 04/01/2016 and 06/30/2018, 30 
oncology patients met inclusion criteria for this project. Median (range) age at VTE diagnosis was 12 
(0.6-20) yrs. Most commonly associated malignancy was leukemia/lymphoma (21/30; 70%). 22/30 
(73%) patients had anticoagulation action plans in their chart (figure 2), and 23/29 (79%) had 12 (±2) 
weeks of therapy. 4/6 patients with prolonged therapy had progressive thrombosis and therefore 
had appropriate therapy. 

Conclusions: Increasing the percentage of oncology patients with anticoagulation action plans 
ensures that patients receive adequate therapy and are not left on prolonged therapeutic 
anticoagulation that may increase the risk of hemorrhage in these patients. Close coordination 
between the hematology, oncology and anticoagulation teams ensures improved outcomes for this 
cohort of patients. 



 
Figure 1 



 
Figure 2 



HOPE-B: Study Design of a Phase III trial of an Investigational Gene Therapy AMT-
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Objectives: Somatic gene therapy for hemophilia B offers the potential to ameliorate disease 
severity through continuous endogenous production of FIX protein with a single treatment. AMT-
061 is an investigational gene therapy consisting of an adeno-associated virus serotype 5 (AAV5) 
vector containing a codon-optimized human FIX gene incorporating the highly active Padua 
variation (FIX Padua) under control of a liver-specific promoter. AMT-061 is an enhanced version of 
AMT-060, the parent compound comprised of the same vector construct but containing the 
wildtype FIX gene. Following a single administration of 2x1013 gc/kg of AMT-060, mean steady state 
FIX activity of 7.4% (n=5) was maintained through 2 years without immune-mediated loss of FIX 
activity or inhibitor development in a phase I/II study. To confirm the safety and enhanced FIX 
activity of the modified construct, AMT-061 was studied at a dose of 2x1013 gc/kg in a phase IIb 
dose-confirmation study. Preliminary results demonstrated mean FIX activity of 31% (n=3) six weeks 
post-administration of the single dose of AMT-061, with no serious adverse events and no 
immunosuppression required. The purpose of this Phase III trial is to demonstrate the efficacy of 
AMT-061 and to describe its safety profile in people with hemophilia B. 

Methods: Open-label, single-dose, multi-center multinational trial, with sites planned in the United 
States, South Africa, the Netherlands, Germany, Denmark, Italy, Ireland, and other European 
countries. Participants will be adult males with FIX ≤ 2%, utilizing routine FIX prophylaxis, without 
uncontrolled HIV, active hepatitis B or C, or history of FIX inhibitors. Pre-existing AAV5 neutralizing 
antibodies (NAbs) will be assessed but not used as an exclusion criterion. Eligible participants will 
enter a prospective lead-in phase, during which FIX use and bleeding episodes will be documented. 
At the completion of the lead-in phase, eligibility will be re-confirmed and participants re-consented 
prior to receiving the single dose of AMT-061. Study design does not include a prophylactic steroid 
regimen. The primary objective is to demonstrate the effect of AMT-061 on endogenous FIX activity 
6 months after administration. Secondary objectives include the non-inferiority of AMT-061 as 
compared to standard of care (continuous routine FIX prophylaxis) in terms of prevention of 
bleeding and additional efficacy and safety aspects. Post-treatment, participants will be followed for 
5 years. 

Conclusions: This phase III study will assess the efficacy and safety of a single dose of AMT-061, 
which demonstrated in a phase IIb study a similar favorable safety profile but enhanced FIX activity 
relative to the wildtype FIX construct AMT-060. By not excluding participation in the study based on 
NAb status, a broader population of patients with hemophilia B can be included for evaluation of 
safety and efficacy. 
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Background: Dysfibrinogenemia is characterized by qualitative fibrinogen defects and can be 
confirmed genetically, or by low fibrinogen activity with preserved antigen levels (de Moerloose, et 
al. Semin Thromb Hemost 2013). Patients may be asymptomatic, or present with bleeding, 
thrombosis or pregnancy complications (Casini, et al. Blood 2015). There is no treatment standard 
for dysfibrinogenemia in pregnancy, but care can include fibrinogen replacement and 
anticoagulation (Bornikova, et al. J Thromb Haemost 2011; Casini, et al. Haemophilia 2018). In 
pregnancy, fibrinogen replacement is postulated to facilitate embryonic implantation and maintain 
placental function (de Moerloose, et al. Semin Thromb Hemost 2013). 

Objectives: This case series aims to highlight the clinical heterogeneity of dysfibrinogenemia in 
pregnancy. 

Methods: This case series describes the clinical course of two sisters with congenital 
dysfibrinogenemia during simultaneous pregnancies. IRB approval for the study was obtained from 
St. Michael’s Hospital in Toronto, Canada. 

Results: Two sisters were diagnosed with dysfibrinogenemia during pregnancy. One sister, (Ms. Y), 
was a 35-year-old G2P1 woman with previous pregnancy complicated by postpartum hemorrhage. 
The index case (Ms. X), a 30-year-old G1P0 woman, developed uncomplicated hypertension at 37 
weeks gestation. During workup, Ms. X was found to have a fibrinogen activity of 0.80 g/L which 
prompted Ms. Y to be referred for screening at 32 weeks gestation. Ms. Y’s fibrinogen activity at 
diagnosis was 0.73 g/L. The sisters had normal fibrinogen antigen levels (2.4 g/L, 5.2 g/L) and no 
other bleeding or thrombotic events. Ms. X had an uncomplicated term spontaneous vaginal 
delivery, during which she received plasma-derived fibrinogen concentrate (0.04 g/kg). Ms. Y’s 
pregnancy was complicated by early-onset intrauterine growth restriction and feto-maternal 
hemorrhage requiring intrauterine blood transfusion. She delivered by emergency Cesarean section 
at 33 weeks gestation due to suspected placental abruption. Ms. Y received plasma-derived 
fibrinogen concentrate during delivery (0.17 g/kg, two doses of 6g each). DVT prophylaxis was 
provided to both mothers in hospital; however, after discharge Ms. Y developed a left arm 
superficial vein thrombosis at a recent IV site. Neither newborn had bleeding complications. 
Subsequently, Ms. X had a successful second pregnancy supported by ASA, fibrinogen replacement 
at delivery and postpartum DVT prophylaxis. Ms. Y is currently in her third pregnancy which is 



complicated by subchorionic hematoma and non-severe vaginal bleeding at 6 weeks gestation. She 
is receiving ASA. 

Conclusions: Despite variable bleeding risk, expert consensus recommends peripartum fibrinogen 
replacement in dysfibrinogenemia (Casini, et al. Haemophilia 2016). However, optimal fibrinogen 
dosage and activity targets in pregnancy remain unclear. Future study is needed to evaluate dosage, 
timing and efficacy of fibrinogen replacement during pregnancy. 

 
Table 1. Investigations for Ms. X and Ms. Y at time of initial presentation 
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Background: Cancer associated thrombosis (CAT) is associated with increased morbidity and 
mortality. While randomized controlled trials (RCTs), Hokusai-VTE and Select-D, have demonstrated 
non-inferiority of direct oral anticoagulant drugs (DOACs) to low-molecular-weight heparins 
(LMWHs) for the treatment of CAT, it is unclear if the newer intervention is cost-effective. Due to 
the trade-off between recurrent VTE and risk of bleeding, many medical institutions remain 
ambivalent to embrace DOACs for the treatment of CAT. 

Objectives: We performed a cost-utility analysis comparing DOACs versus LMWHs for the treatment 
of adult patients with CAT. 

Methods: We constructed a Markov state-transition model with a cycle length of 1 month over a 
time horizon of 60 months in a hypothetical cohort of 65-year-old patients with active malignancy 
and first acute symptomatic CAT who were eligible to receive either DOACs or LMWHs. The 
transition states for the model are shown in Figure 1. We obtained the transition probability and 
relative risk from a meta-analysis of the two RCTs for the first 6 months (Li, et al, Thromb Res 2018), 
and extrapolated the treatment effects beyond 12 months based on Hokusai-VTE. We obtained the 
cost and utility weights from the literature. A 3% yearly discount for cost and effectiveness 
parameters was applied. We estimated the differential impact on costs and quality-adjusted life 
years (QALYs) per patient to calculate the incremental cost effectiveness ratio (ICER) and performed 
one-way and probabilistic sensitivity analyses to test the robustness of results. 

Results: In the base-case analysis over 60 months, DOACs as compared to LMWHs were associated 
with 14 fewer PEs, 62 fewer DVTs, 2 fewer ICH, 42 more non-ICH MB, and 111 more CRNMB per 
1000 patients. Mortality was similarly high in both interventions. DOACs as compared to LMWHs 
had 5 more PE-related deaths, 2 fewer MB-related deaths, and 5 more non-PE/non-MB related 
deaths. The total cost per patient over 60 months was $10,240 for the DOACs arm and $40,183 for 
the LMWHs arm (incremental cost difference of -$29,943 per patient). The QALYs per patient was 
1.76 for DOACs and 1.80 for LWMHs (incremental QALY difference of -0.04 per patient). The 
deterministic ICER was $773,692 per QALY for DOACs versus LMWHs; however, this represented a 
cost-saving per quality-adjusted life year lost. In the one-way sensitivity analysis, the cost of LMWHs 
contributed the most to the incremental cost difference and the utility weights of the two types of 
drugs contributed the most to the incremental QALYs difference. The probabilistic sensitivity 
analysis confirmed the base-case analysis, with a significant reduction in cost but insignificant 
difference in QALYs (Figure 2). 



Conclusions: DOACs as compared to LMWHs are cost saving from a payer’s perspective for the 
treatment of CAT. Professional organizations and healthcare systems may want to consider this 
analysis in future practice recommendations. 

 
Figure 1. Markov transition-state diagram 

 
Figure 2. Probabilistic sensitivity analysis of the cost-effectiveness plane 



Pregnancy, Peripartum Management and Outcomes of Hemophilia A and B Carriers: 
a New York City Hemophilia Treatment Center Experience 
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Background: Hemophilia carriers have varying degrees of baseline factor VIII (FVIII) or IX (FIX) levels, 
and their pregnancies and deliveries may result in complications related to their carrier status. 
Pregnancy, peripartum management, and outcomes of hemophilia carriers in the United States are 
not well established. The purpose of this pilot study was to describe the management and 
outcomes of hemophilia carriers during pregnancy and peripartum period at our hemophilia 
treatment center (HTC). 

Methods: Retrospective review of electronic medical records of pregnant hemophilia A or B carriers 
followed at our HTC from January 2010 to October 2018. We collected demographics, reason for 
diagnosis, FVIII and FIX levels at baseline and third trimester, and genotype. Bleeding phenotype 
was determined by the International Society of Thrombosis and Haemostasis Scientific 
Subcommittee (ISTH SSC) bleeding assessment tool (BAT). Method of conception, factor 
replacement, iron supplementation, mode of delivery, type of anesthesia, peripartum 
complications, and offspring outcomes were obtained. 

Results: There were 16 pregnancies in 10 hemophilia carriers (8 hemophilia A and 2 hemophilia B). 
Carriers were Caucasian (8), Asian (1), and mixed ethnicity (1). Three hemophilia A and 1 hemophilia 
B carrier had baseline factor level <50%. Nine of 10 carriers were diagnosed because a male family 
member had hemophilia. Genotype and BAT scores are shown in Table 1. Nine pregnancies (56%) 
were conceived naturally and 7 (44%) via in-vitro fertilization (IVF). One hemophilia B carrier with 
28% FIX level received factor replacement for oocyte retrieval and delivery. Six pregnancies required 
iron supplementation (2 intravenous and 4 oral). Seven (43%) and 9 (56%) pregnancies were vaginal 
and C-section deliveries, respectively. Neuraxial anesthesia was administered in 15 (94%) deliveries 
without complications (Table 2). Three pregnancies (19%) had post-partum hemorrhage (PPH). One 
hemophilia B carrier had placenta percreta requiring emergent hysterectomy. While the other PPH 
were in 2 hemophilia A carriers, 1 with baseline FVIII <50% and the other with baseline FVIII >50% 
requiring 2 units of packed red blood cells for 3rd degree laceration with a nadir hemoglobin of 5.8 
g/dL. Five male offspring were diagnosed with hemophilia (3 severe hemophilia A, and 2 mild 
hemophilia B). Carrier status of female offspring was not available at the time of data collection. 

Conclusions: All hemophilia A and B carriers at our HTC had successful live births with the majority 
receiving neuraxial anesthesia. C-section rate was higher than national average. Majority of male 
offspring were diagnosed with hemophilia after birth. We confirmed that baseline factor level <50% 
and bleeding phenotype by BAT score were important in determining pre- and post-partum 
management and outcomes of hemophilia carriers. 



 
Table 1. Individual Patient Characteristics 

 
Table 2. Overall Pre- and Peri-Partum Characteristics and Outcomes 



Use of Antifibrinolytic Medications in Patients with Inherited Bleeding Disorders: A 
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Background: Antifibrinolytics agents such as tranexamic acid and epsilon aminocaproic acid are 
often recommended in treatment guidelines for use in patients with inherited bleeding disorders as 
an adjunctive therapy. Despite this, questions remain regarding safety and efficacy of their use. 

Objectives: We conducted a systematic review to assess the evidence for efficacy and safety of 
antifibrinolytic use within children and adults with inherited bleeding disorders. 

Methods: MEDLINE, EMBASE, and Cochrane database were queried for English-language articles 
from January 1997 through December 2017. Search terms included aminocaproic acid/therapeutic 
use OR tranxemic acid/therapeutic use OR antifibrinolytic/therapeutic use AND blood coagulation 
disorders NOT disseminated intravascular coagulation. Inclusion criteria included randomized 
controlled trials and retrospective case-control or cohort studies of antifibrinolytic agents alone or 
in combination with other agents in a protocol driven manner in individuals with inherited bleeding 
disorders. Conference abstracts were included. Small case series or case reports were excluded. 
Eligible articles were initially screened by title and abstract and then secondarily by full text by two 
reviewers. Discrepancies between reviewers were resolved by consensus agreement. Study data 
was extracted via a predesigned extraction form. 

Results: After removing duplicates, the initial search yielded 594 studies. After secondary review, 25 
studies including 5 conference abstracts were included. Study characteristics varied widely (Table 
1). The majority addressed prevention of oral surgical bleeding or prevention/treatment of epistaxis 
while the remaining address gastrointestinal bleeding with endoscopy, menstrual or postpartum 
bleeding, or joint replacement bleeding. Nineteen utilized tranexamic acid alone or in combination 
with other hemostatic agents. Nine used a mouthwash, nasal spray, or other topical formulation. 
Studies had varying primary outcomes (i.e. change in bleeding score, improved hemoglobin, number 
of participants with no bleeding). Conclusions regarding prevention or treatment of bleeding were 
mixed with approximately half showing some statistically significant difference in outcome though 
often those differences were small. Only 16 marginally reported on frequency of adverse events 
including nausea/vomiting, diarrhea, headache, thrombosis, or death. No thrombosis or mortalities 
were reported. 

Conclusions: We found a limited number of heterogeneous studies on the use of antifibrinolytic 
agents in inherited bleeding disorders. Variability of study methods make it difficult to evaluate 
together. Standardized reporting outcomes and consistent inclusion of adverse event reporting 
would be beneficial in future studies. 



 
Table 1: Study Characteristics of Included Studies 
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Objectives: BAY 94‐9027 is a B-domain-deleted recombinant factor VIII (FVIII) that is site-specifically 
PEGylated with a 60-kDa (2 x 30-kDa) polyethylene glycol (PEG) to extend its half-life. The efficacy 
and safety of BAY 94-9027 as prophylactic and on-demand therapy for patients with severe 
hemophilia A were demonstrated in the phase II/III PROTECT VIII study, in which patients could 
receive prophylaxis every 7 days (E7D), every 5 days (E5D), or twice-weekly (2×W). In this post-hoc 
analysis, we assessed on-study annualized bleeding rates (ABRs) during the last 90 days on-study, 
once patients’ treatment regimens had stabilized. Such an approach has been used for other 
recombinant FVIII products, e.g., efraloctog alfa (rFVIIIFc), in which a post-hoc analysis of the A-
LONG study examined the on-study median total ABR during the last 3 months of rFVIIIFc treatment 
(Shapiro AD, et al. J Thromb Haemost. 2014). 

Methods: PROTECT VIII was a partially randomized, multi-center, open-label study, which enrolled 
134 males aged 12–65 years with FVIII < 1% and ≥ 150 FVIII exposure days. Prophylaxis patients 
(N=114) received BAY 94-9027 25 IU/kg 2×W for a 10-week run-in period. Patients with ≤ 1 
breakthrough bleed during this period were randomized to 45‒60 IU/kg E5D or 60 IU/kg E7D for the 
main 26-week study period; patients enrolling after the randomization arms were full, or with ≥ 2 
bleeds in the run-in period, received 30–40 IU/kg 2×W. For comparison, median total annualized 
bleeding rate (ABR) was 1.9 in those treated 2×W (eligible for randomization), 1.9 in those treated 
E5D and 0.96 in those who remained on E7D treatment for the main 26-week study period (Reding 
MT, et al. J Thromb Haemost. 2017). In this post-hoc analysis, total, joint and spontaneous ABRs 
during the last 90 days of treatment were analyzed. Patients who received prophylaxis were 
stratified by final on-study dosing interval. 

Results: A total of 126 patients completed the last 90 days of BAY 94-9027 treatment during the 
PROTECT VIII trial (prophylaxis, n = 108; on-demand, n = 18). Median total, joint and spontaneous 
ABRs were 0.0 for patients with 2×W, E5D and E7D final on-study dosing intervals (Fig. 1). 

Conclusions: The efficacy of BAY 94-9027 demonstrated in PROTECT VIII was maintained throughout 
the study; median total ABR was lower for all 3 dose-groups in the last 90 days of the study, being 
zero. 



 
Fig. 1. Median (Q1, Q3) total ABRs during the last 90 days of PROTECT VIII, stratified by final on-
study BAY 94-9027 dosing interval. 



VWF Variant D1472H Has No Effect in Mice with Humanized VWF-Platelet 
Interactions 

H. LOHMEIER1, T. SLOBODIANUK2, S. KANAJI3, R. MONTGOMERY1 and V. FLOOD1 

1Medical College of Wisconsin, Milwaukee, Wisconsin, USA; 2BloodCenter of Wisconsin, Part of 

Versiti, Milwaukee, Wisconsin, USA; and 3Scripps Research Institute, La Jolla, California, USA 

Background: The von Willebrand factor (VWF) ristocetin cofactor activity assay (VWF:RCo) is a key 
diagnostic test used in identifying patients with von Willebrand disease (VWD). Several sequence 
variants in the A1 domain of VWF have been identified to affect the VWF:RCo. Specifically, VWF 
variant p.D1472H has been shown to lower VWF:RCo levels due to impaired VWF binding to 
ristocetin. However, individuals with the p.D1472H variant do not present with an elevated bleeding 
score, indicating that the ristocetin assay may not accurately measure VWF function for these 
patients. In addition, VWF activity measured by the VWF:GPIbM assay, which uses a gain of function 
GPIbα, is normal in subjects with p.D1472H (Flood et al, Blood 2010;116:280-286). 

Objectives: The objective of this study was to determine if the p.D1472H variant affects murine 
VWF activity in vivo to better understand the implications of this sequence variant. 

Methods: A construct with murine VWF except for human VWF exon 28 containing domains A1 and 
A2 was utilized to create knock-in C57BL/6J mice with human exon 28 VWF expression in 
endothelial cells and platelets. The following mice were created: wild-type (WT) mice with human 
exon 28 and mice with human exon 28 containing 1472H. The mice were then crossed with a mouse 
containing humanized GPIbα and no murine GPIbα to create WT and 1472H variant mice with 
humanized VWF exon 28 and GPIbα. The resulting chimeric mice were then utilized to analyze the 
effect of the human p.D1472H variant on hemostasis. Both VWF antigen (VWF:Ag) and VWF:GPIbM 
were measured by ELISA (n≥12 per group). Multimer analysis was performed via gel electrophoresis. 
Tail clip bleeding assay was performed at a defined length of 3 mm (n≥5 per group). 

Results: Normal VWF expression was seen for both groups of mice, with no significant difference in 
VWF:Ag for the WT and 1472H mice (90 IU/dL vs 78 IU/dL, p=NS). Normal multimers were observed 
for both WT and 1472H mice. VWF binding to GPIbα using a human gain of function GPIbα was 
similar for the WT and 1472H mice. VWF:GPIbM/VWF:Ag was 1.05 for WT mice vs 1.22 for 1472H 
mice (p=NS). Tail bleeding times did not statistically differ between the WT and 1472H mice (93 vs 
125 seconds, p=NS). 

Conclusions: VWF variant 1472H has normal expression and normal tail bleeding times in mice with 
a humanized VWF-GPIbα axis using human exon 28 and human GPIbα. These results suggest that 
the p.D1472H variant, even in homozygous form, does not result in impaired hemostasis. These 
results are consistent with the lack of bleeding seen in human subjects with the D1472H variant 
despite low VWF:RCo levels. In conclusion, use of the chimeric VWF human exon 28 with human 
GPIbα mice served as a relevant model to confirm p.D1472H is a non-pathogenic variant in vivo. 

 
 
 
 



 

Overestimation of Baseline Factor IX Activity in a Patient with Mild Hemophilia B by 
Soy Phosphatide-Containing aPTT Reagent in a One Stage Assay 
 

L. LUCHTMAN-JONES, J. MARTIN, P. STEELE and C. TARANGO 
 
Cincinnati Children's Hospital Medical Center, Cincinnati, Ohio, USA 
 
Background: A 16-year-old with mild hemophilia B (HB), factor IX activity (FIX:C) 0.14-0.20 IU mL-1 
attributed to a missense mutation in exon 8 of F9 gene, c.1174 A>G (p. Asn392Asp), had a higher-
than-expected baseline FIX:C 0.82 IU mL-1 and normal activated partial thromboplastin time (aPTT). 
Review of previous annual baseline FIX:C revealed a change from abnormal to normal values, 
corresponding with replacement of the coagulation platform.  

 
Objectives: We evaluated the impact of instrument and aPTT reagents that differed in the source of 
phospholipid and activator in one stage assays (OSA) for FIX:C in this patient’s plasma.  
 
Methods: The patient was enrolled in the IRB-approved Hemostasis Data and Tissue Repository. 
Annual historical baseline FIX:C was compared for 2 instrument platforms. OSAs were performed on 
patient plasma according to manufacturer’s instructions on 3 instruments using various aPTT 
reagents.  
 
Results: FIX:C and aPTT were estimated as normal range when the aPTT reagent contained plant or 
soy/rabbit brain phospholipid with ellagic acid, but as abnormal when the reagent contained rabbit 

brain cephalin and silica or silicon dioxide (Figure 1 and Table 1).  
 
Conclusions: The severity of HB is classified using baseline FIX:C: severe ( < 0.01 IU mL-1), moderate 
(0.01-0.05 IU mL-1) or mild (0.06- < 0.40 IU mL-1). Accurate FIX:C assessment is crucial for diagnosis 
and monitoring therapy. While the OSA is widely reported to over- or under-estimate activity in a 
subset of factor VIII deficient patients/factor products, this is less well-appreciated for other contact 

sequence factors, including IX. Over-estimation of FIX:C has been reported in some mild HB patients 
(Lawrie AS, et al. Clin Lab Haem 1998), particularly type 2 HB (FIX:C/FIX antigen < 0.7) (Pouplard C, et 
al. Haemophilia 2009). This patient’s point mutation in exon 8 impacts subdomain 2 of the C-terminal 
catalytic serine protease domain, likely affecting FIX binding to the A2 subunit of cofactor VIIIa 
(Schmidt AE, et al. Trends Cardiovasc Med 2003) and is predicted to result in a type 2 FIX deficiency 
(Rallapalli PM, et al. Br J Thromb Haemost 2013). An abnormal interaction of the mutated FIX with 

soy phosphatides has been hypothesized. (Pouplard C, et al. Haemophilia 2009). In the recent 
External Quality Control for Assay and Tests (ECAT) survey (25 April 2018), 55/270 (20%) of 
laboratories tested FIX:C by OSA using a plant or soy phosphatide aPTT reagent, and a similar 
percentage did so in the most recent College of American Pathology (CAP) survey. We show here that 
aPTT reagent choice could adversely affect identification and management of a subset of patients 
with HB. Clinicians should work with their laboratories both on choices for coagulation testing and in 
understanding the potential for over- or under-estimation of results using OSAs.  
 
 
 
 



Figure 1. Comparison of baseline FIX activity in a patient with mild hemophilia B differs by platform. 
Activity is lower when measured by Stago STAR Max using an aPTT reagent with rabbit brain 
thromboplastin and silica activator (STA PTT, Diagnostica Stago, Inc) than by Siemens BCS with 

purified soy/rabbit brain phospholipids and ellagic acid activator (FSL reagent, Siemens Medical 
Solutions USA, Inc). 

 

Table 1. Factor IX activity and aPTT estimates on plasma from a patient with mild FIX deficiency vary 
depending upon platform. Comparisons are made between 3 instruments (Siemens BCS, Stago 
Evolution and Stago STAR Max) using various aPTT reagents, which differ in the source of 
phospholipids and activator. PSL Pathrombin SL (Siemens), FSL- Actin FSL (Siemens), STA PTT (Stago), 
CK Prest (Stago). aPTT- activated partial thromboplastin time, FIX:C factor IX activity, P-plant, S-soy, 
RB rabbit brain, SD-silicon dioxide, Si -silica, EA- ellagic acid, K-kaolin, ND- not done. 
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von Willebrand Factor Multimer Analysis: Evaluation of a Semi-Automated Gel 
Electrophoresis System 
 
L. LUCHTMAN-JONES, K. MITTERMEIER, M. MARTIN and J. PALUMBO 
 
Cincinnati Children's Hospital Medical Center, Cincinnati, Ohio, USA 
 
Background: Diagnosis and classification of von Willebrand disease is difficult, involving multiple 
laboratory tests including von Willebrand factor (VWF) multimer analysis. Classic multimer analysis is 
labor-intensive, time-consuming and requires expertise for interpretation.  
 
Objectives: We hypothesized that the diagnostic quality of VWF multimer analysis in a semi-
automated, continuous gel electrophoresis system (EXP) would be non-inferior to that of our current 

(STD) intermediate-resolution SDS gel electrophoresis system.  
 
Methods: IRB approval was obtained. Intra-run (same samples in multiple lanes) and inter-run (same 
sample per lane on 18 daily runs) precision were determined for normal and plasma standards (types 
1, 2A, 2B and 3 George King Bio-Medical). Residual samples from 56 clinically diagnosed patients, plus 
2 each of type 2A (George King) and type 2 ECAT (External quality Control of diagnostic Assays and 
Tests) samples were analyzed for accuracy between methods. The 60-sample set included: normal 
(11), type 1 (16), type 2 (9), type 3 (4), type 3 after factor infusion (3), acquired VWD (10) and 
inflammation/post DDAVP (7). Electrophoresis was performed per laboratory protocol (STD) or 
manufacturer instructions (EXP).* Blinded interpretation of STD and EXP multimers on normal and 
abnormal plasma standards and the 60-sample set was performed by 2 experienced readers. For 

disagreement between readers or by method, repeat blinded reviews of the STD and of the EXP gel 
plus an EXP densitometric multimer tracing were performed. Readers scored the 60-sample set for 
ease of interpretation. Means for hands-on technician time and processing time were calculated from 
5 measurements of STD and EXP.  
 
Results: Accuracy of interpretation of abnormal and normal plasma standards was 100% on initial 
readings with complete inter-method agreement and 100% inter- and intra-run precision. For the 60-
sample set, 6 STD gels required rerun for interpretation. There was initial complete consensus 
reading for 37/60 (62%) STD and EXP gels. Disagreements between readers in 13 STD (20%) and 10 
EXP (17%) were about subtle loss or gain of high molecular weight multimers vs. normal. EXP readings 
initially agreed with one STD interpretation for 54/60 (90%). After repeat blinded reviews of gels plus 

EXP tracing, reader agreement for STD was 48/100 (80%) and 100% for EXP, with 58/60 (97%) 
method agreement with a STD reading (Figure 1). EXP scores for ease of interpretation were 
statistically significantly superior (Figure 2). Technician time dropped by 81% from a mean of 90 
minutes to 17. Mean run time per gel decreased from 4 to less than 1 work day.  
 
Conclusions: The semi-automated, continuous VWF multimer gel electrophoresis methodology 
demonstrated acceptable precision, accuracy and analytical sensitivity with easier readability and 
markedly reduced technician and processing time. Use of densitometric tracings improves 
consistency of interpretation.  
 
*EXP- HYDRASYS 2® instrument, gels and reagents were supplied by Sebia, Inc.  
 



 
 

Figure 1. Degree of agreement (points along diagonal dotted line) for the blinded interpretations of 
multimers by 2 readers for Standard (STD) gel electrophoresis (horizontal axis) vs. Experimental (EXP) 
method (vertical axis) gel electrophoresis plus densitometric tracing on 60 samples with known 
clinical diagnoses. Most disagreements were among STD interpretations (light circles) with only 2 
disagreements between methods (dark triangles). 
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Figure 2. Scatter plot of the ease of interpretation score given to each of the 60 samples. Each 
reviewer assigned a score of 0 (yes), 1 (somewhat) or 2 (no) to each of the following statements: 1) 
Control and subject cannot be compared, 2) Multimers are too distorted to interpret, 3) Multimers 

are too faint to interpret. The scores were summed, resulting in a maximum score of 6. Note that the 
ease of interpretation score was significantly higher for the EXP group compared to the STD group. 
Also note that 53 of the 60 samples run using the EXP method received a maximum score of 6, 
compared to only 31 of the samples evaluated using the STD approach. (P value was generated using 
a 2-tailed Mann Whitney U test.) 
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Equipoise in Hemophilia Inhibitor Prevention and Immune Tolerance Induction 

L. MALEC1, M. RAGNI2, S. CROTEAU3, M. RECHT4 and G. WHITE5 

1Versiti Blood Center of Wisconsin, Milwaukee, WI, USA, Milwaukee, Wisconsin, USA; 2University of 

Pittsburgh, Hemophilia Center of Western Pennsylvania, Pittsburgh, Pennsylvania, USA; 3Boston 

Children's Hospital, Boston, Massachusetts, USA; 4Oregon Health and Sciences University, Portland, 

Oregon, USA; and 5Versiti Blood Center of Wisconsin, Blood Research Institute, Milwaukee, 

Wisconsin, USA 

Background: Inhibitor development is the most significant treatment complication for patients with 
severe hemophilia A (SHA) with approximately 30% of patients developing alloantibodies to 
exogenous factor VIII (FVIII). Immune tolerance induction (ITI) is the only proven strategy to 
eliminate inhibitors and involves regular, prolonged, costly administration of high dose FVIII. While 
non-factor therapies such as emicizumab have been shown to significantly reduce bleeding events 
in patients with SHA and inhibitors, use of bypassing agents provides less hemostatic efficacy than 
use of FVIII to treat bleeding events. Due to a lack of data, current ITI recommendations from 
organizations such as the National Hemophilia Foundation’s Medical and Scientific Advisory Council 
(MASAC) do not specify preferred ITI regimens for patients with SHA and newly diagnosed 
inhibitors. 

Objectives: The objective of this study was to gather data on provider practices for SHA patients 
with newly diagnosed inhibitors cared for at federally-supported U.S. Hemophilia Treatment 
Centers (HTC). 

Methods: In October 2018, an electronic survey was sent to pediatric hemophilia providers 
representing HTCs from across the country and a broad range of years in clinical practice (from 
assistant to full professor). The survey consisted of 6 questions targeting provider’s current 
approach to treatment of previously untreated patients (PUPs) and to management of patients with 
newly discovered inhibitors. Providers were allowed to select all answer products/treatment 
approaches employed at their center and provide comments as appropriate. 

Results: Surveys were sent to a total of 17 providers; response rate was excellent with 88.2% 
providing responses. When asked which product(s) are currently prescribed for PUPs as they begin 
treatment, respondents indicated all classes of products are utilized with the majority (9/15) 
indicating they utilize extended half-life products (EHLs), and only one indicating the exclusive use 
of plasma derived products. The use of emicizumab was more mixed with approximately half of 
providers indicating they would (8/15) or would not (7/15) utilize this for PUPs. When asked which 
product(s) are utilized for ITI in a patient with a new inhibitor, providers indicated that all types of 
factor concentrates including recombinant, plasma derived, and extended half-life FVIII are utilized 
with 73.3% indicating they would consider use of recombinant factor VIII Fc fusion protein (rFVIIIFc). 
The majority (73.3%) indicated that they would not attempt ITI alone with use of emicizumab for 
bleed prevention; 80% indicated they would support use of ITI concurrent with emicizumab. 
Importantly, all providers indicated interest in participating in a clinical trial investigating the use of 
rFVIIIFc versus other classes of FVIII products for ITI along with emicizumab, with all but one 
provider (93.3%) indicating they would participate in a randomized study. 



Conclusions: These data support equipoise in investigating multiple ITI regimens for optimal 
management of patients with SHA and inhibitors. Providers indicate the utilization of a variety of 
FVIII concentrates for first-attempt ITI and use of emicizumab for bleed prophylaxis during an ITI 
attempt, though this latter approach has not been formally studied to date. Importantly, all 
respondents agreed to the need for further clinical investigation in this patient population, including 
support of a randomized clinical trial as is proposed by Dr. Malec in a planned upcoming study 
“IMMINENT-ITI: Immunologic Mechanisms of Immune Tolerance in Hemophilia Immune Tolerance 
Induction.” 



Performance of VWF:GPIbM Assay for Monitoring of Desmopressin (DDAVP) Trials 

L. MALEC, R. SHARMA, J. PEREZ-BOTERO, T. AGOSTINI, A. TODD, S. HABERICHTER and K. FRIEDMAN 

Versiti Blood Center of Wisconsin, Milwaukee, WI, USA, Milwaukee, Wisconsin, USA 

Background: Measurement of von Willebrand factor binding activity for both diagnosis and 
monitoring of therapy has traditionally been performed via the VWF ristocetin cofactor assay 
(VWF:RCo). Recently, multiple additional assays with improved performance characteristics have 
become available to assess VWF activity; however, these assays have not necessarily been validated 
to assess patients receiving therapy for von Willebrand disease. 

Objectives: The purpose of this quality assurance project was to confirm that the VWF:GPIbM assay 
performed similarly to the VWF:RCo assay in patients with quantitative VWF deficiency undergoing 
DDAVP trial. 

Methods: Pre-treatment and 1-hour-post-treatment plasma samples obtained from patients with a 
diagnosis of quantitative VWF deficiency (either type 1 VWF or Low VWF) that were scheduled for a 
DDAVP trial (administered by either the intranasal or intravenous route) were analyzed. VWF 
antigen was measured by ELISA, VWF:RCo by platelet aggregometry and VWF:GPIbM by ELISA 
method (Flood VF, et al, Blood 2011;117:e67-e73). Comparisons were performed by paired t-test. 

Results: Between 7/2017 and 10/2018 samples from 55 patients were evaluated, but VWF:Ag was 
only available on 50 data sets. Before DDAVP treatment, the median VWF platelet binding activity 
was slightly higher by VWF:RCo than by VWF:GPIbM (61 IU/dL versus 53 u/dL; p <0.01). However, 
after DDAVP the levels were similar, median VWF:RCo was 131 IU/dL and VWF:GPIbM was 138 u/dL 
(p=0.40). For the entire data set, the correlation of VWF:RCo to VWF:GPIbM was good, R2 = 0.814. 
VWF specific activity (the ratio of VWF platelet binding activity to VWF:Ag) after DDAVP treatment 
was not significantly different between VWF:RCo/VWF:Ag to VWF:GPIbM/VWF:Ag (means 1.10 and 
1.07, p=0.53).  

Conclusions: In the setting of DDAVP trial, VWF:GPIbM assay provides similar post-treatment VWF 
platelet binding activity results and specific VWF activity as compared with VWF:RCo assay. Overall, 
the results of the VWF:GPIbM assay correlated well with those provided by the VWF:RCo method, 
suggesting that VWF:GPIbM assay can replace VWF:RCo for evaluation of patients with quantitative 
VWF deficiency, including those undergoing a DDAVP response assessment. 



 



Progressive Knee Pain in a Patient with Severe FVII Deficiency Secondary to 
Intraosseous Bleeding 

L. MALEC 

Versiti Blood Center of Wisconsin, Milwaukee, WI, USA, Milwaukee, Wisconsin, USA 

Background: Severe factor VII deficiency is a rare autosomal recessive bleeding disorder affecting 
approximately one in 300,000 to 500,000 individuals. The clinical presentation is heterogeneous, 
and bleeding severity is not always correlated with FVII activity levels. As a result, treatment 
approaches including the need for prophylaxis need to be tailored to the patient based on clinical 
history. 

Objectives: The aim of this report is to highlight the clinical course of a teenage patient with 
relatively newly discovered severe FVII deficiency and progressive knee pain initially concerning for 
malignancy based on evidence of significant marrow edema of the tibia. 

Results: The patient presented at age 14 to her primary care physician due to significant 
menorrhagia since the time of menarche. Initial evaluation revealed isolated significant 
prolongation of prothrombin time (PT) (39.2 seconds (s); normal range 12.4-14.6 s) with normal 
partial thromboplastin time (PTT), and platelet count. She was referred to hematology where factor 
testing revealed a factor VII activity of < 1 IU/dL. Genetic testing revealed compound heterozygous 
pathogenic variants (F7 c.218T>A (p.Leu73Gln) and F7 c.58T>C (p.Cys195Arg)). The patient was a 
competitive gymnast and continued to participate in gymnastics training after her diagnosis despite 
being counseled on the risk of injury related bleeding. Approximately 7 months later she began to 
have pain in her right knee not preceded by injury without notable knee swelling. Family sought 
evaluation by sports medicine when knee pain became more severe; knee exam was relatively 
normal. MRI without contrast was obtained which demonstrated diffusely abnormal bone marrow 
signal throughout the right proximal tibia. There was no cortical breakthrough or irregularity seen, 
no discrete intraosseous fluid collection, nor associated soft tissue mass. Her joint space was 
preserved. Concern was given for a possible infiltrative process such as hematologic malignancy 
therefore she was seen by Oncology and underwent a biopsy. Complete blood count and 
inflammatory markers were normal. Immediately prior to the biopsy, patient received Novoseven 
30 mcg/kg and had acute, intense worsening of pain within minutes of infusion concentrated in the 
same distribution of her chronic knee pain. Biopsy was successful and confirmed no evidence of 
malignancy. Over the next several months, she experienced progressive pain in her right knee and 
was seen by the HTC team when she could no longer fully bear weight. Although not consistent with 
initial radiology interpretation of her MRI, based on clinical suspicion that her marrow edema 
represented intraossesous bleeding, she was begun on Novseven 30 mcg/kg three times weekly. 
With initial dose of Novoseven, she again had acute intensification of her pain following infusion; 
subsequent infusions were not accompanied by pain. Within 10 days she had near complete 
resolution of pain. Follow up MRI 2 months later demonstrated near complete resolution of the 
previously seen marrow edema. Novoseven dosing was gradually decreased to once weekly. The 
patient has continued to do well on once weekly prophylaxis with no concern for rebleeding. 

Conclusions: This case highlights the importance of the need for heightened suspicion of bleeding 
events in patient with rare bleeding disorders such as FVII deficiency. Although not initially thought 
to be supported by radiographic findings, the patient's response to Novoseven highlights that 
marrow edema was representative of intraosseous bleeding 



The Context-Dependent Impact of Factor V Leiden during the Hemostatic Response 
to Injury 

T. MARAR, T. STALKER, M. TOMAIUOLO and L. BRASS 

University of Pennsylvania, Philadelphia, Pennsylvania, USA 

Background: Venous thromboembolism (VTE) is the third leading vascular disease following 
myocardial infarction and stroke, affecting 1-3 per 1,000 individuals yearly. The most commonly 
inherited risk factor for VTE results from a missense mutation in the factor V gene known as factor V 
Leiden (FVL). The substitution of arginine 506 to a glutamine occurs at a critical cleavage site for 
activated protein C, significantly decreasing the rate of inactivation of activated factor V. Overall, 
this reduces the downregulation of thrombin generation, resulting in a prothrombotic state with an 
increased risk of venous thrombosis. Previous studies from our laboratory established that 
hemostatic plugs formed in vivo are characterized by heterogeneous platelet activation and the 
presence of fibrin is localized primarily outside of the vessel wall proper. 

Objectives: Here we examined whether the presence of a prothrombotic mutation in factor V alters 
the hemostatic plug architecture by limiting the normal feedback regulation of thrombin. 

Methods: In a mouse FVL model, we employed confocal intravital imaging following laser injury to 
the cremaster muscle arterioles to quantify platelet adhesion and fibrin formation during 
hemostatic plug formation in real time. In addition, we used a puncture injury model in the mouse 
jugular vein, measuring the time to bleeding cessation and examining the hemostatic plug through 
confocal/two-photon microscopy. 

Results: In the mouse microvasculature, the homozygous FVL mice (FVLQ/Q) displayed significantly 
greater platelet accumulation, P-selection exposure and fibrin formation over time in comparison to 
wild-type littermates. These findings suggest enhanced thrombin generation in this setting. In 
contrast, following puncture injury to the jugular vein, hemostatic plug architecture was generally 
similar between FVLQ/Q and wild-type mice. The extent of platelet activation and fibrin 
accumulation appeared to be normal, and there were no significant differences in the bleeding 
times between the wild-type and FVLQ/Q (mean and SEM; 86.2 ± 9.6 seconds and 104.2 ± 12.7 
seconds, respectively). 

Conclusions: The impact of homozygous FVL on the hemostatic response proved to be context-
dependent. In the microcirculation, FVL increased fibrin formation, platelet accumulation and 
platelet activation. In the jugular vein, FVL appears to have little if any effect on either hemostatic 
plug structure or on the kinetics of bleeding cessation, presumably because in the latter injury 
model thrombin generation occurs on the outside of the vessel wall, well away from sites on the 
endothelium where protein C activation can occur. Taken together, these results suggest that 
feedback regulation of thrombin generation differs depending on physiologic context. 



High Rate of False Positive Results Among Newly Positive Hemophilia Inhibitor Tests 
in the Community Counts Inhibitor Surveillance Program 

C. MILLER, D. ELLINGSEN, J. DRIGGERS, B. BOYLAN, A. PAYNE and C. BEAN 

1Centers for Disease Control and Prevention, Atlanta, Georgia, USA  

Background: The inhibitor surveillance program of the Centers for Disease Control and Prevention, 
conducted in collaboration with the American Thrombosis and Hemostasis Network and the 
Hemophilia Treatment Centers Network, uses testing and interpretation algorithms including tests 
to identify questionable inhibitor results prior to reporting. The fluorescence immunoassay (FLI) 
detects specific antibodies (Ab) to factor VIII (FVIII) or factor IX (FIX). The chromogenic Bethesda 
assay (CBA) is unaffected by heparin or lupus anticoagulants (LA). 

Objectives: The aim of this report is to summarize the results of these tests performed from 2013-
2018. 

Methods: Specimens were tested by a modified Nijmegen-Bethesda assay (NBA) with preanalytical 
heat treatment to remove exogenous or endogenous FVIII or FIX. FVIII specimens with titers ≥2.0 
were accepted as positive; those with titers of 0.5-1.9 Nijmegen-Bethesda units (NBU) were also 
tested by CBA, FLI for anti-FVIII IgG1 and IgG4 Ab, and dilute Russell’s viper venom time (DRVVT) as 
a screen for LA. FIX specimens with titers ≥1.0 were accepted as positive; those with titers of 0.3-0.9 
NBU were also tested by FLI for anti-FIX IgG4 Ab and DRVVT. Selected specimens were tested for 
heparin. These low-titer FVIII specimens were classified as false positive (FP) if they lacked anti-FVIII 
IgG4 Ab and were CBA-negative and ambivalent (AMB) if they lacked anti-FVIII IgG4 Ab and were 
CBA-positive. Low-titer FIX specimens were classified as false positive (FP) if they lacked anti-FIX 
IgG4 Ab. 

Results: Complete test results were available for 756 initially NBA-positive specimens (FVIII: 705; 
FIX: 51). 621 (82.1%) were from patients with previous history of inhibitor (prevalent); 135 (17.9%) 
were from patients with no previous history of inhibitor and were potentially new inhibitors (new). 
Among new FVIII NBA positives, 26.0% were AMB or FP, lacking anti-FVIII IgG4 Ab, compared to only 
4.3% of prevalent inhibitors. Of new FIX NBA positives, 1/3 were FP, lacking anti-FIX IgG4 Ab; no 
prevalent FIX inhibitor was FP. Two high-titer FP results, FVIII 12.7 NBU and FIX 7.1 NBU, were due 
to heparin. DRVVT was positive in 8/26 FP specimens tested (30.8%), compared to 18/283 (6.4%) of 
true positives. 

Conclusions: Results from the Community Counts inhibitor surveillance confirm previous 
observations (Miller CH, et al. J Thromb Haemost 2013) that about one-quarter of newly positive 
NBA results detected by screening do not represent true FVIII inhibitors, as demonstrated by the 
absence of specific IgG4 antibodies to FVIII. In addition, these data show that one-third of newly 
positive FIX NBA results do not show specific anti-FIX IgG4 antibodies. Heparin or LA may be the 
cause of false positive NBA results. Caution should be used in interpreting initially positive results of 
clot-based inhibitor assays. 



 



Measurement of in situ plasmin generation in murine plasma reveals dependency 
on fibrin formation but not fibrin crosslinking 

A. MISZTA1, J. BYRNES1, M. FLICK2, B. DE LAAT3 and A. WOLBERG1 

1University of North Carolina at Chapel Hill, Chapel Hill, North Carolina, USA; 2Cincinnati Children’s 

Hospital Medical Center, Cincinnati, Ohio, USA; and 3Synapse Research Institute in Maastricht, 

Maastricht, Limburg, Netherlands 

Background: Thrombin generation (TG), fibrin formation, and plasmin-mediated fibrinolysis are 
tightly-orchestrated processes essential for hemostasis. Disruption of the balance between these 
processes contributes to bleeding and thrombotic disorders. The lack of a plasma-based in vitro 
assay sensitive to plasmin generation (PG) in situ has limited our understanding of fibrinolytic 
mechanisms and the molecular role of fibrin dynamics during fibrinolysis. 

Objectives: Develop a kinetic plasma PG assay to characterize the contribution of fibrin 
polymerization to PG kinetics in murine plasma. 

Methods: TG and PG were measured with fluorogenic substrates, and fibrin formation/lysis by 
turbidity in platelet-poor plasmas from wildtype and genetically-modified mice. 

Results: The PG assay was characterized by kinetic parameters: lagtime, ttPeak, rate (slope), peak, 
and endogenous plasmin potential, and corrects for substrate consumption, inner filter effect, and 
alpha-2-macroglobulin-plasmin complexes. These parameters are sensitive to concentrations of 
tissue plasminogen activator, alpha-2-antiplasmin, active PAI-1. No signal was detected in plasma 
from Plg-/- mice. Relative to plasma from Fga+/+ mice, deficiency in fibrinogen did not alter TG, but 
fibrin formation was decreased or eliminated in plasma from Fga+/- or Fga-/- mice, respectively. 
Fga+/- plasma showed normal PG lagtime and ttPeak, but significantly reduced rate of plasmin 
formation, and reduced peak and endogenous plasmin potential (EPP), compared to Fga+/+ plasma. 
PG was not detected in Fga-/- plasma. To differentiate effects of fibrinogen concentration from 
fibrin formation, we used mice expressing fibrinogen unable to undergo thrombin-mediated 
polymerization (FgnAEK). Plasma TG did not differ in FgnWT/WT and FgnAEK/AEK mice, but 
compared to FgnWT/WT plasma, FgnWT/AEK plasma had reduced PG rate, peak, and EPP. Like Fga-
/- plasma, PG was not detected in FgnAEK/AEK plasma. TG, fibrin formation, and PG did not differ in 
plasmas from F13a+/+, F13a+/-, and F13a-/- mice or in plasma treated with the factor XIIIa inhibitor, 
T101. Increased tissue factor (TF) (0.05-6 pM) shortened the lagtime of TG, fibrin formation, and PG, 
demonstrating a positive correlation between the onset of thrombin generation, fibrin formation, 
and fibrinolytic activity. Increased TF shortened the ttPeak and increased the TG velocity, peak, and 
ETP, and prolonged the clot lysis time. Interestingly, increased TF did not alter the PG ttPeak, rate, 
or amount of formed plasmin (peak and EPP), suggesting even low concentrations of thrombin are 
sufficient to enable plasmin generation. 

Conclusions: The newly-developed PG assay is sensitive to tissue plasminogen activator, 
plasminogen, fibrinolysis inhibitors, fibrinogen, and fibrin formation kinetics. Fibrin formed from 
even low thrombin concentrations is sufficient to enable PG. This novel assay may be used to 
evaluate the contribution of fibrinolysis to hemostatic and thrombotic diseases. 



Results from a Phase 3b, Open-Label, Multicenter, CONTINUATION Study of 
Rurioctocog Alfa Pegol for Prophylaxis in Previously Treated Patients with Severe 
Hemophilia A: Analysis by US Age Categories 

E. MULLINS1, P. CHOWDARY2, O. STASYSHYN3, J. ZHANG4, W. ENGL5 and S. TANGADA4 

1University of Cincinnati College of Medicine and Cincinnati Children’s Hospital Medical Center, 
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Background: Prophylactic therapy to prevent bleeds in patients with hemophilia A using standard 
half-life factor VIII (FVIII) products requires frequent intravenous infusions. The use of extended 
half-life products can reduce the treatment burden on patients by decreasing the number of 
infusions while maintaining therapeutic efficacy. 

Objectives: To investigate the long-term safety and efficacy of an extended half-life PEGylated 
recombinant FVIII, rurioctocog alfa pegol (SHP660, BAX 855; Baxalta US Inc. [a Takeda company, 
Lexington, MA, USA]), for prophylaxis and treatment of bleeding episodes in patients with severe 
hemophilia A. 

Methods: Eligible patients ≤75 years old either transitioned from a previous SHP660 study or were 
naïve to SHP660 but had been treated with plasma-derived or recombinant FVIII. Patients received 
prophylaxis with SHP660 in a fixed dose (FD) or a pharmacokinetic-tailored dosing (PK) regimen, and 
could switch from FD to PK regimens. Co-primary endpoints were the incidence of confirmed FVIII 
inhibitors and the spontaneous annualized bleed rate (ABR) analyzed using a generalized linear 
model. Secondary endpoints included total (spontaneous and traumatic) ABR and the occurrence of 
adverse events (AEs) and serious AEs (SAEs). The outcomes reported here were analyzed by US age 
categories. 

Results: The study (NCT01945593; initiated Oct 2013, completed Mar 2018) included a total of 216 
patients. Overall mean (SD) age was 22.8 (15.7) years. The age groups analyzed were: <2 years, n=3; 
≥2 to <12 years, n=62; ≥12 to <17 years, n=26; ≥17 years, n=125. 215 patients received ≥1 dose in 
the FD regimen and 25 received ≥1 dose in the PK regimen. Overall SHP660 exposure per patient 
was mean (SD) 209.8 (108.4) days over an observation period of mean (SD) 2.20 (1.11) years per 
patient. None of the patients developed a confirmed FVIII inhibitor. The point estimates (95% CI) for 
spontaneous and total ABRs by age group among patients receiving FD (twice-weekly) and PK 
prophylaxis are shown in the Table. A total of 838 AEs were recorded in 174 (81%) patients; 20 of 
these AEs were investigator-assessed as related to SHP660. A total of 52 SAEs were recorded in 33 
(15%) patients, including 1 fatal SAE (cerebral hemorrhage); none were considered related to 
SHP660. AE and SAE frequencies had no clear trends across age groups. 

Conclusions: In this population of previously treated patients with severe hemophilia A, SHP660 
prophylaxis with FD and PK regimens was well-tolerated and efficacious across these analyzed age 
groups. 



 
Spontaneous and total ABRs by prophylaxis regimen and age category 



Cost of Illness of Acquired Thrombotic Thrombocytopenic Purpura (aTTP) in the 
United States 

A. OLADAPO1, K. O'DAY2, K. MEYER2, W. SAVAGE1, C. HIBBARD1 and B. EWENSTEIN1 

1Baxalta US Inc., a Takeda company, Cambridge, Massachusetts, USA; and 2Xcenda, Palm Harbor, 

Florida, USA 

Background: Acquired thrombotic thrombocytopenic purpura (aTTP) is a rare life-threatening 
coagulation disorder which occurs due to development of autoantibodies which inhibit and/or 
accelerate clearance of ADAMTS-13 enzyme. A severe deficiency of ADAMTS-13 leads to platelet 
aggregation and organ ischemia due to vessel occlusion by platelet-rich thrombi. Plasma exchange 
and use of corticosteroids remain the standard of care with the inclusion of rituximab becoming 
more common, especially in refractory cases. While the clinical burden associated with aTTP has 
been well documented, limited data exist in the literature on the economic burden. 

Objectives: To estimate the cost of illness (COI) associated with aTTP in the US. 

Methods: An incidence-based model was developed to estimate the incremental cost (adjusted to 
2017 US dollars and discounted at 3%) associated with the management of aTTP from a US societal 
perspective by modelling cohorts of patients with and without aTTP. For base case analysis, the 
modeled patient population was 68% female and 44 years of age at first aTTP episode followed over 
the average lifespan of a patient with aTTP (a 22-year time horizon). Model input parameters were 
sourced from published literature and expert opinion. The model considered the direct costs 
associated with initial aTTP attack, hospitalization, follow-up treatment, relapse, long-term disease- 
and treatment-related complications (hypertension, stroke, kidney damage, depression); indirect 
costs due to lost productivity and early mortality; and impact on life expectancy (i.e. life years lost). 
Probabilistic sensitivity analysis was conducted to estimate 95% CI of the COI. 

Results: In the base case analysis, aTTP resulted in an 8.2-year reduction in life expectancy and an 
incremental total cost of $389K ($131K direct [health care] and $259K indirect [productivity and 
early mortality]). The inclusion of rituximab prophylaxis in the base case scenario further increases 
the total cost by $13K with a 2.6-year improvement in life expectancy. Overall, model results 
remained robust across all the time horizons. There was a sharp decline in survival due to mortality 
of an initial episode, followed by a higher mortality rate compared to the general population with a 
maximum of 17- or 23-year reduction in life expectancy with or without the inclusion of rituximab 
prophylaxis, respectively. There was a sharp rise in costs, followed by plateau due to early mortality 
compared to general population with a maximum incremental total cost (~$394K) achieved at the 
26-year time horizon. 

Conclusions: This model-based analysis shows that aTTP imposes a substantial burden to payers and 
society. Interventions that can prevent or reduce the risk of occurrence of aTTP episodes and/or 
associated complications have the potential to reduce the economic burden of this rare disease. 



Diagnosis of Child Abuse During Bleeding Disorder Evaluation 

O. OLAIYA, S. CARPENTER, M. SILVEY and J. ANDERST 

Children’s Mercy Hospital, Kansas City, Missouri, USA 

Background: Bleeding disorders in children can present with easy bruising, mucosal bleeding, and 
less frequently intracranial hemorrhage. The known prevalence of various bleeding disorders ranges 
from 1 /1000 for von Willebrand Disease to 1/ 2-5 million in factor XIII deficiency. An important 
differential in patients with bleeding and bruising is child abuse. Child abuse affects 1 in 8 children < 
18 years annually in the United States. It has long-term physical, psychological, economic and social 
costs. Due to the known prevalence of child abuse, in 2016 our program began obtaining skeletal 
surveys as a standard practice in premobile infants with unexplained bruising referred to our 
hematology clinic for work-up of a bleeding disorder. 

Objectives: Describe a patient who was found to be a victim of child abuse while being evaluated 
for bleeding disorder. 

Methods: Case Report 

Results: A previously healthy 7-month-old male who was referred to the hematology clinic for 
excessive bruising without other bleeding symptoms for a few months as well as prolonged 
activated partial thromboplastin time (aPTT). There was no reported family history of bleeding 
disorders and the patient had not undergone any surgical procedures in his life. Physical exam was 
unremarkable with no evidence of bruising at the time of his clinic visit. Work up was significant for 
a normal CBC, factor VIII level of 91%, factor IX 69%, factor XI 128%, von Willebrand factor activity 
62%, von Willebrand antigen 84%, von Willebrand activity/antigen ratio 0.74, and aPTT 53.4 
seconds which did not correct on mixing study. His initial platelet aggregation studies showed mild 
decrease in ADP concerning for platelet function disorder, but confirmatory testing was normal. A 
skeletal survey was done which revealed 3 posterior rib fractures, prompting consultation with the 
child advocacy team. Head CT was negative for hemorrhage or fracture and testing for osteogenesis 
imperfecta was also negative. The patient was placed with extended family and child protective 
services was involved in the case. 

Conclusions: Bruising and bleeding symptoms in a child can be a presenting feature of either 
bleeding disorders or child abuse and these patients are often referred to pediatric hematology for 
evaluation. It is important to note that a bleeding disorder does not exclude the possibility of child 
abuse as the cause of bleeding or bruising symptoms. Social factors cannot be used to reliably 
detect child abuse. Therefore, in infants with bruising/bleeding symptoms and no obvious 
hematologic cause, it is critical to obtain a skeletal survey and consider child abuse as the cause of 
the findings, even in the absence of obvious fractures or other injuries. We suggest that given the 
prevalence of child abuse, pediatric hematologists consider routine screening for non-accidental 
trauma in infants with unexplained bruising. 



Successful Treatment of Pediatric Cardioembolic Stroke Using Thrombolysis and 
Thrombectomy in a Patient with Congenital Heart Disease 

O. OLAIYA, M. GOEDEN and M. SHARMA 

Children’s Mercy Hospital, Kansas City, Missouri, USA 

Background: Pediatric arterial ischemic stroke (AIS) is rare but an important cause of morbidity and 
mortality in neonates and children, often with significant neurologic sequelae. Since presentation in 
children may be subtle, diagnosis can unfortunately be delayed. Outcomes can be significantly 
improved with early diagnosis, use of consensus-based guidelines involving a multidisciplinary 
approach. The reported incidence of combined ischemic and hemorrhagic pediatric stroke ranges 
from 1.2 to 13 cases per 100,000 children under 18 years of age. Annual incidence rates of arterial 
ischemic stroke (AIS) in infants and children range from 0.6 to 7.9/100,000 children per year. The 
reported incidence of stroke in patients with Congenital Heart Disease (CHD) ranges from 8 to 9% 
pre operatively and 16% to 21% post operatively. The management of stroke in children is largely 
extrapolated from the adult literature and is an area for further research. 

Objectives: Report a case of successful treatment of embolic stroke in a pediatric CHD patient with 
thrombolysis and thrombectomy using a multidisciplinary approach 

Methods: Case Report 

Results: 7-year-old female with single ventricle physiology with a history of double outlet right 
ventricle, mitral stenosis, aortic coarctation and ventricular septal defect status post failed 
fenestrated fontan who was admitted for cardiac dysfunction and end organ hepatic failure. Her 
pertinent medications included aspirin. She suddenly developed left sided hemiparesis, right gaze 
deviation, decreased level of consciousness and was found to have a right MCA distribution embolic 
stroke by MRI. After multidisciplinary discussions that included neurology, critical care, hematology 
and interventional radiology, a plan was determined. She received systemic alteplase within 4.5 
hours of symptom onset and underwent emergent thrombectomy with interventional 
neuroradiology at a partner institution. She underwent thrombectomy 6 hours after symptom onset 
with complete recanalization of the right middle cerebral artery. She was transferred back to the 
PICU for post procedure care and continued to have improvement in left upper extremity strength, 
facial asymmetry and gaze preference. Of note, a repeat MRI also noted congenital absence of the 
left carotid artery and echo showed no intracardiac thrombus. She was subsequently started on full 
anticoagulation with low molecular weight heparin. She continued to improve as she worked with 
physical therapy, speech therapy and occupational therapy. She required ECMO support for 12 days 
and VAD support for 35 days prior to heart transplant. She subsequently developed a non-occlusive 
PICC associated right brachiocephalic thrombus 1 month later for which she completed 3 months of 
anticoagulation. Given that she underwent successful cardiac transplant, she is off anticoagulation 
as she no longer has a cardiac defect or VAD that puts her at risk for recurrent cardioembolic stroke. 

Conclusions: Strokes in children require a high index of suspicion and an understanding of the risk 
factors leading to stroke. There are no randomized clinical trials for treatment of pediatric stroke, 
therefore creating evidenced based diagnostic and treatment guidelines remain a challenge. Prompt 
action and a multidisciplinary approach involving specialized physicians using best available 
evidence can improve outcome. This case highlights the potential for successful recovery from 
stroke using thrombolysis and thrombectomy which is rarely used in the pediatric population. 
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Efficacy and safety of DOACs versus LMWH for cancer-associated thrombosis: A 
systematic review and meta-analysis 
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Background: Cancer-associated thrombosis (CAT) is common and contributes significantly to 
mortality (Khorana A, et al. Thromb Res 2010). Several recent randomized controlled trials (RCT) 
have explored the efficacy and safety of the DOACs edoxaban and rivaroxaban compared to low-
molecular-weight heparin (LMWH, the previous gold standard) for CAT treatment (Raskob G, et al. N 
Engl J Med 2018; Young A, et al. J Clin Oncol 2018). A previous systematic review and meta-analysis 
of these trials showed a trend toward reduced VTE recurrence and a significant risk of major 
bleeding with DOACs (Li A, et al. Thromb Res 2018). Since the publication of this analysis, new data 
has continued to emerge for treatment of CAT. 

Objectives: To address the accumulating data on the efficacy and safety of DOACs for treatment of 
CAT, we performed an updated systematic review and meta-analysis. 

Methods: A systematic literature search was performed in MEDLINE and CENTRAL, as well as a 
manual search for abstracts from the ASH, ASCO, and ISTH 2018 annual meetings, to identify all 
RCTs comparing DOACs to LMWH for CAT since the previous analysis. Papers were independently 
reviewed by two authors for relevance and inclusion. Data was extracted on study design and 
characteristics, VTE recurrence, major bleeding, clinically relevant non-major bleeding (CRNMB), 
and mortality. Relative risks (RR) with corresponding 95% confidence intervals (CI) and forest plots 
were generated using a Mantel-Haenszel random-effects mode with Review Manager (version 5.3, 
Cochrane Collaboration 2014). 

Results: Of 62 identified publications, one new RCT (ADAM VTE) examining apixaban vs. dalteparin 
for treatment of CAT was selected for meta-analysis along with the aforementioned Hokusai-cancer 
and SELECT-D trials (McBane R, et al. Blood 2018) (see PRISMA flowchart). Our meta-analysis 
showed that for DOACs vs. LMWH at 6 months, there was: a statistically significant reduction in VTE 
recurrence (HR 0.48, 95% CI 0.25-0.92, p=0.03, NNT of 24), a trend toward increased major bleeding 
(HR 1.54, 95% CI 0.77-3.08, p=0.23, NNH of 62), a statistically significantly higher rate of CRNMB (HR 
1.89, 95% CI 1.09-3.26, p=0.02, NNH of 20), and equivalent overall mortality (HR 1.06, 95% CI 0.84-
1.34, p=0.63). See Figure 1 for full details. 

Conclusions: Our analysis suggests that DOACs may be superior to LMWH for prevention of 
recurrent VTE in the first 6 months after CAT, substantially influenced by the results of the ADAM 
VTE trial with apixaban. A higher bleeding signal with DOACs persists, particularly gastrointestinal 
(GI) bleeds in GI cancers, though this signal was less notable with apixaban. There was moderate 
heterogeneity in pooled outcomes. As results of the ADAM VTE trial remain available in abstract 



form only, additional details in the forthcoming publication such as included tumor types, therapy 
adherence rates, and final study outcomes may provide important clarification to the above issues. 

 
Forest plots and risk ratios for thrombotic and bleeding outcomes from pooled analyses of DOACs 
vs. LWMH for CAT 

 
PRISMA flowchart for systematic review 



Assessment of Socioeconomic Characteristics in Persons with Hemophilia A in the 
United States 
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Objectives: Previous research has reported lower social and physical functioning in persons with 
hemophilia A (HA), but there is limited information on their socioeconomic characteristics. This 
study aimed to retrospectively examine such characteristics, including educational/vocational 
achievements, employment and disability status in persons with HA. 

Methods: Data collected through CHOICE cross-sectional survey from 04/2013-07/2015 was used. 
Adults (≥18 years) and caregivers of children with bleeding disorders were recruited to take a 20-
minute, online or paper survey, in English or Spanish. Overall survey response rate was 
approximately 87%, but varied by question as participants could opt not to respond to certain 
questions. Self-reported demographics, education, household income, bleed- and joint-related 
outcomes, and HA treatment were descriptively assessed by employment status in persons 
indicating a single diagnosis of hemophilia A (PwHA) using chi-square test. 

Results: A total of 169 PwHA reported their employment status (mean age = 44 years; 8% were ≥65 
years old). Of these, 73% were male; 63% had severe HA; 9% had current inhibitors. About 45% 
reported full-time employment (FTE), 21% reported part-time employment or able but not working 
(PTE), 18% were “others” including students or retirees (OTH), and 16% reported being permanently 
disabled (DIS). Over 75% of PwHA reported residence in urban areas with no significant difference 
by employment status (75% FTE, 74% PTE, 83% OTH, 79% DIS; p=0.79). Reporting of 4-year 
college/vocational training or an advanced degree was not significantly different among those with 
FTE, PTE, or DIS (p=0.65) but, lower household income was more commonly reported among PwHA 
with PTE or DIS than those with FTE (p=0.002) (Figures 1A and 1B). Disease severity did not vary 
between those with FTE (severe HA: 67%), DIS (68%), or OTH (67%), but fewer PwHA with PTE 
reported severe HA (46%) (p=0.14). Similar proportion of PwHA in the FTE, PTE, and DIS groups 
reported joint bleeds in the previous year (85% FTE, 88% PTE, 82% OTH, 85% DIS; p=0.93). However, 
the proportion of PwHA that reported joint problems ‘always or frequently’ limiting activities 
differed by employment status (37% FTE, 18% PTE, 57% OTH, 70% DIS; p=0.60). The majority of 
PwHA in each group reported treating their HA in the past year (87% FTE, 80% PTE, 87% OTH, 96% 
DIS; p=0.23). 

Conclusions: Attainment of higher education was similar among PwHA, irrespective of the 
employment status, but lower household income was reported among those without FTE. These 
data indicate the need to prevent permanent disability in PwHA which can limit their socioeconomic 
status. Future studies should examine barriers for pursuing full-time or consistent employment 
among PwHA, and interventions to prevent permanent disability due to HA. 



 
Figure 1A. *Does not include those that did not respond or responded “Other” or preferred not to 
answer. DIS = permanently disabled, FTE = full-time employment, PTE = part-time employment or 
able but not currently working, OTH = other including students or retirees, PwHA = persons with 
hemophilia A, HS = High school, yr = year. 

 
Figure 1B. *Does not include those that did not respond or preferred not to answer. DIS = 
permanently disabled, FTE = full-time employment, PTE = part-time employment or able but not 
currently working, OTH = other including students or retirees, PwHA = persons with hemophilia A. 



Bleeding in Children with 22q11.2 Deletion Syndrome – a Cross-Sectional 
Investigation of Prevalence, Phenotype and Etiology 
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Background: 22q11.2 deletion syndrome (22q11DS) results from mono-allelic microdeletion on the 
long arm of chromosome 22, and is characterized by neurocognitive deficits, immunodeficiency and 
cono-truncal cardiac defects. 

Objectives: In this cross-sectional study of children with 22q11DS, we: (1) prospectively quantified 
the prevalence and severity of bleeding symptoms using standardized bleeding assessment tools 
(BATs), (i) the pediatric bleeding questionnaire (PBQ) and (ii) the International Society on 
Thrombosis and Hemostasis (ISTH)-BAT; (2) compared the subjects’ bleeding scores to those of 
unaffected family members (siblings and/or parents); (3) investigated laboratory markers indicative 
of a bleeding diathesis. 

Methods: Ethics approval for this study was obtained from the Institutional Review Board and 
written consent/assent from parents/subjects, respectively. Subjects with microarray or FISH-
confirmed 22q11DS, and unaffected first-degree family members were solicited for participation. 
The BATs were administered by a trained pediatric hematologist. Laboratory markers of bleeding 
were abstracted from a review of medical records. Standard descriptive methods were used to 
summarize the data. 

Results: 30 subject-control pairs were enrolled and assessed. Median ages (range) of subjects and 
controls were 9 (1.7-17) and 38.5 (9-56) years, respectively. 29/30 controls were parents and 1 
control was a full-sibling. Median ISTH-BAT scores in subjects and controls were 3 and 2, 
respectively (p=0.009). Similarly, subjects had a significantly higher median PBQ score compared to 
controls (2 vs 1; p=0.008). Most common bleeding symptoms reported in subjects were epistaxis 
(n=20), easy bruising (n=14) and oral cavity bleeding (n=12). 14 subjects had been surgically 
challenged, with 6/14 reporting peri-operative hemorrhage. There were no cases of muscle 
hematomas, hemarthosis or central nervous system (CNS) bleeds. 22/30 patients had a cumulative 
PBQ score of ≥ 2 and of these 22, 13 patients also had a significant ISTH-BAT score of ≥ 3. 10 of the 
30 subjects had undergone some form of hemostatic evaluation. All ten of these subjects had 
significant BAT scores. 4/10 patients had mild macrothrombocytopenia. No patients had an 
abnormal coagulation panel or low von Willebrand ristocetin co-factor activity (VWF:RCo). 

Conclusions: Subjects with 22q11DS may bleed secondary to platelet dysfunction (heterozygosity 
for Bernard-Soulier Syndrome) and/or acquired von Willebrand syndrome. In this cross-sectional 
study, we noted that subjects with 22q11.2 DS had significantly higher bleeding scores compared to 
first degree relatives. Most of the bleeding symptoms were mucocutaneous. Other than 6 subjects 
who reported bleeding with surgery, there were no reported cases of hemarthosis, muscle or CNS 
bleeds. We were unable to demonstrate an association of bleeding scores with thrombocytopenia, 



platelet size or VWF:RCo, given the small number of patients who had complete hemostatic 
evaluation. 

 

 
PBQ Scores in Subjects vs Controls 

 
ISTH-BAT Scores in Subjects vs Controls 



Tracking the Immune Response to Factor VIII in Hemophilia A 

S. PATEL, W. BALDWIN, S. STOWELL and S. MEEKS 

Emory University, Atlanta, Georgia, USA 

Background: Background: Factor VIII (FVIII) exposure in patients with hemophilia A can lead to the 
formation of anti-FVIII antibodies that can substantially mitigate the therapeutic benefits of FVIII 
replacement therapy. There remains a fundamental lack of understanding regarding key immune 
factors regulating immunity to FVIII. 

Objectives: Objective: While we have characterized the spectrum of epitopes on FVIII recognized by 
B cells, the lack of immunological tools, and in particular a FVIII B cell tetramer, makes it difficult to 
explore further. A B cell tetramer has the advantage of binding to FVIII specific surface 
immunoglobulin i.e. B cell receptor (BCR) on the surface of B cells allowing for FVIII specific tracking 
and sorting. Thus, we herein generated a FVIII B cell tetramer using a site-specific mutation that 
allows us to detect FVIII specific B cells. 

Methods: Methods: To generate a FVIII B cell tetramer, a human B domain deleted FVIII with a 
single cysteine mutation in the A3 domain (FVIII-K1804C) was biotinylated using an EZ-link 
Maleimide-PEG2-Biotin kit (Mei, B et al 2010 Blood). To confirm the conformational integrity of the 
FVIII-K1804C, the protein was tested by ELISA for binding against a panel of 15, well characterized, 
monoclonal anti-FVIII antibodies. Activity of biotinylated FVIII-K1804C was assessed using a one-
stage clot assay. Biotinylated FVIII-K1804C was incubated with streptavidin PE (SA-PE) for at least 
one hour at 4 C to form the tetramer complex. To test the ability of the FVIII tetramer to detect 
FVIII specific B cells, a hybridoma that expresses surface Ig specific for FVIII was mixed with its fusion 
partner that does not express a surface Ig specific to FVIII. The samples were then stained with 
various concentrations of the SA-PE FVIII tetramer. To distinguish the FVIII specific hybridoma from 
its fusion partner, the fusion partner was labeled prior to tetramer staining with the fluorescent 
dye, CFSE. 

Results: Results: Biotinylation of FVIII-K1804C did not block the ability of monoclonal anti-FVIII 
antibodies to bind at the A1, A2, C1, or C2 domains confirming no structural changes in the protein 
and did not impact the specific activity compared to non-biotinylated FVIII-K1804C. FVIII reactive 
hybridomas with surface BCR expression bound to the FVIII tetramer. 

Conclusions: Conclusion: Our data demonstrate an immunological tool to detect FVIII specific B 
cells. Generation of the FVIII B cell tetramer will aid in better understanding the B cell response to 
FVIII over time and will allow us to track epitope specific B cells in patients’ otherwise polyclonal 
response to FVIII. The ability to track epitope specific B cells will not only lead to development of 
diagnostic tools that can be used to predict the likelihood of inhibitor development in patients with 
hemophilia A but may also pave the road for individualized treatments. 



Characterization of a Novel Mouse Model for In Vivo Human Platelet Function: 
Testing and Assessment of Anti-platelet Drug Effects on Hemostasis 

D. PAUL and W. BERGMEIER 

University of North Carolina at Chapel Hill, Chapel Hill, North Carolina, USA 

Background: Platelet-mediated thrombosis is a key contributor to the pathogenesis of coronary 
artery disease, and thus represents a leading cause of mortality throughout the world. Investigators 
employ a variety of animal models to study the pathology of thrombosis and to assess the efficacy 
and safety of therapeutic agents. Mouse models offer several benefits, including low cost, flexibility 
of investigational protocols and a high degree of physiological similarity with humans. However, 
inherent differences between mouse and human platelets limit the applicability of mice for the 
investigation of anti-platelet agents. For example, mouse platelets do not express the thrombin 
receptor, Par1, and therefore cannot be used to test the effect of Par1 inhibitors on hemostasis and 
thrombosis. Furthermore, anti-platelet drugs often specifically target human proteins and thus 
cannot be tested in mice. 

Objectives: Here we present a novel mouse model for the investigation of in vivo human platelet 
function in the complete absence of confounding, endogenous platelets. 

Methods: To generate these humanized mice, we applied a recently established adoptive platelet 
transfer approach to NOD/SCID immunocompromised mice, which were required as recipients for 
human platelets. Mice also received HumateP to facilitate GPIb-mediated platelet adhesion. 
Hemostatic plug formation at sites of vascular injury was visualized and quantified in real-time by 
intravital microscopy. Hemostatic plug composition was analyzed by spinning disk confocal 
microscopy. 

Results: Hemostasis was achieved within ~30 seconds after laser ablation injury in humanized mice. 
Both standard dual anti-platelet therapy (Aspirin + Ticagrelor) or the Par1 inhibitor, Vorapaxar 
analog L-003959712, significantly reduced platelet adhesion but only slightly prolonged the bleeding 
time (BT). Combined use of Aspirin, Ticagrelor and Vorapaxar analog L-003959712 further reduced 
platelet adhesion and markedly prolonged BT in humanized mice. Ongoing studies compare 
hemostasis in Par1 inhibitor and Par4 inhibitor-treated mice. 

Conclusions: We propose that this model may prove invaluable as a method for the evaluation of 
the safety and efficacy of experimental anti-platelet drugs. Applicability of this model can be further 
extended to characterizing in vivo function of synthetic platelets, stored platelets or platelets from 
patients with a platelet function disorder. 



Evaluation of Reagent Substitutions in the Chromogenic Bethesda Assay for Factor 
VIII Inhibitors in Hemophilia A 

A. PAYNE, C. MILLER, D. ELLINGSEN, J. DRIGGERS, B. BOYLAN and C. BEAN 

Centers for Disease Control and Prevention, Atlanta, Georgia, USA  

Background: The chromogenic modification of the Nijmegen-Bethesda assay is necessary for 
measurement of factor VIII (FVIII) inhibitors in the presence of heparin, lupus anticoagulants, and 
by-passing agents such as emicizumab, due to their interference in clot-based assays. In the clot-
based Nijmegen-Bethesda assay (NBA), substitution of imidazole-buffered bovine serum albumin 
(IB-BSA) for FVIII-deficient plasma (FVIIIDP) as diluent in control mixtures and specimen dilutions 
has been shown to produce equivalent results. 

Objectives: To investigate the efficacy of substitution of IB-BSA for FVIIIDP in the chromogenic 
Bethesda Assay. 

Methods: 165 specimens submitted to the Registry for Bleeding Disorders Surveillance, conducted 
by the CDC, American Thrombosis and Hemostasis Network, and the US Hemophilia Treatment 
Centers Network, were tested using the CDC CBA, which includes preanalytical heat inactivation, as 
previously described, in parallel with the same assay with imidazole-buffered 4% bovine serum 
albumin (Precision Biologic, Dartmouth, Nova Scotia, Canada) substituted for FVIIIDP. Testing was 
performed on a STAR Evolution (Diagnostica Stago, Parsippany, NJ, USA), using the Siemens Factor 
VIII Chromogenic Assay (Siemens, Marburg, Germany). 

Results: Results using IB-BSA were not significantly different from those with FVIIIDP on 38 positive 
specimens not requiring dilution (0.5-1.9 chromogenic Bethesda units (CBU); p=0.38); 14 specimens 
requiring dilution (3.0-870.7 CBU; p=0.64); and 113 negative specimens (<0.5 CBU; p=0.20). 
Correlation for all specimens was excellent (Pearson r=0.9992; p<0.0001). Thresholds for positivity 
were previously established using the clotting endpoint as ≥0.5 for FVIIIDP and ≥0.6 for IB-BSA. 
Using these thresholds, there were no misclassifications of positive specimens. Of 113 specimens 
negative with FVIIIDP, one specimen of 0.4 CBU with FVIIIDP would be classified as positive at 0.6 
CBU with IB-BSA. Sensitivity of the IB-BSA test was 100%, and specificity was 99.1%, compared to 
FVIIIDP. A 1.0 CBU positive control prepared from a naturally-deficient inhibitor plasma tested 16 
times showed mean of 1.0 CBU, range 0.8-1.3, and standard deviation (SD) of 0.14 with FVIIIDP and 
mean 1.0, range 0.7-1.3, and SD of 0.17 with IB-BSA. 

Conclusions: Substitution of IB-BSA for FVIIIDP in the CDC CBA produces similar results to the 
original assay. The need for a slightly higher threshold for positivity using IB-BSA observed with the 
clotting endpoint also seems to hold for the chromogenic endpoint. 



Opioid exposure in hemophilia patients is common and underreported 

S. PELTIER1, M. MAZEPA1, R. FREESE2, S. NELSON1, S. KEARNEY3 and M. REDING1 

1University of Minnesota Medical Center, Minneapolis, Minnesota, USA; 2University of Minnesota - 
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Objectives: The primary objective of this study was to describe opioid exposure in hemophilia 
patients based on prescription data. Previous studies have assessed exposure based on 
patient/provider reports and no comparison to national data has been made. A secondary objective 
was to identify predictors of opioid exposure in hemophilia patients. 

Methods: Medical records were reviewed from 1/1/15-6/30/18 at an adult and pediatric 
hemophilia treatment center (HTC). Chronic opioid exposure was defined as continuous 
prescriptions for ≥3 months. Acute opioid exposure was recorded if patients were not prescribed 
chronic opioids but had ≥1 prescriptions during the study period. The American Thrombosis and 
Hemostasis (ATHN) ATHNdataset was queried to assess opioid exposure in hemophilia patients 
nationally. Opioid exposure per year was also calculated and compared to national population data 
from the Centers for Disease Control and Prevention (CDC). An adjusted logistic regression model 
was created to assess the effect of hemophilia severity, hemophilia type (A vs. B), and age on opioid 
exposure. 

Results: 183 adult and 135 pediatric charts were reviewed. During the study period, 56% of adult 
patients and 21% of pediatric patients were exposed to opioids. The ATHNdataset reported a 
national opioid exposure rate of only 6% (Figure 1). CDC data from 2015-2017 report adult males 
aged 20-65+ had an annual opioid exposure rate ranging from 11.2-27.9%. Adult males with 
hemophilia in the study population had higher annual exposure rates of 38.3-49.2%. Annual opioid 
exposure in hemophilia patients aged 0-14 ranged from 4.4-7.3% in comparison to CDC data which 
report a 1.7-2.1% exposure rate. In adults, severity of hemophilia and age were significant 
predictors of opioid exposure. Using the adjusted logistic regression model to account for multiple 
potential contributors to opioid exposure, we found that severe hemophilia patients had 3-fold 
higher odds of opioid exposure compared to those with non-severe hemophilia [p value < 0.001, 
95% CI (1.6-6.2)]. In children, hemophilia severity was not a significant predictor of opioid exposure. 
Acute opioids were prescribed to 21% of pediatric patients and 44% of adult patients who were not 
also prescribed chronic opioids. Reasons for acute opioid prescriptions are shown in Table 1. A 
minority of the acute opioid prescriptions were written by the HTC (pediatric patients - 24%, adult 
patients - 34%). 

Conclusions: This is the first study to examine opioid prescriptions in hemophilia patients. Opioid 
exposure was higher than the general age-matched population data reported by the CDC and 
prescriptions were most often written by non-HTC providers. Opioid exposure in hemophilia 
patients appears to be grossly underreported in the ATHNdatatset. There is an opportunity for HTCs 
to take the lead in monitoring opioid exposure and in guiding non-HTC providers in the appropriate 
use of pain medications in this population. 



 
Figure 1 - Opioid exposure in hemophilia patients during study period 



 
Table 1 - Reason for acute opioid prescription in adult and pediatric patients 



The Role of Factor V on the Anticoagulant Effect of Protamine 

T. PETRILLO1, B. REMICK1 and R. CAMIRE2 

1The Children's Hospital of Philadelphia, Philadelphia, Pennsylvania, USA; and 2The Children’s 

Hospital of Philadelphia/University of Pennsylvania, Philadelphia, Pennsylvania, USA 

Background: Protamine is a mixture of highly basic, arginine-rich peptides isolated from salmon 
sperm and used to neutralize the anticoagulant effect of heparin (UFH-a highly negatively charged 
molecule) following surgical procedures. Paradoxically, in vitro and in vivo studies have reported 
that protamine can also elicit an anticoagulant effect and cause bleeding. Recent work (Ni Ainle F, et 
al. Blood 2009) narrowed the anticoagulant activity of protamine to the inhibition of factor V (FV) 
activation; however, mechanistic insights are lacking. FV activation to cofactor (FVa) requires the 
proteolytic removal of its central B-domain. Our laboratory has established that the interaction 
between the lysine-rich basic region (BR) and acidic regions (AR1 and AR2) within the B-domain is 
responsible for keeping FV in its inactive state. FV species that lack BR but still retain AR (FVa(AR)) 
present cofactor-like properties in the absence of proteolysis. When the BR fragment is added in 
trans, its interaction with AR inhibits FVa(AR) procoagulant function. 

Objectives: Due to its basic nature, we hypothesized that protamine may mimic the endogenous FV 
BR and bind to the exposed AR of physiological relevant FVa(AR) species (e.g. platelet FV, FXa-
cleaved FV or FV-short). This interaction may lead to the inhibition FVa(AR) cofactor function and be 
responsible for the anticoagulant effect of protamine. 

Methods: We purified plasma derived FV (pd-FV), recombinant FVa and FV-short and used 
functional assays to characterize the interaction with protamine. 

Results: We found that protamine binds tightly to FVa(AR), had a major inhibitory effect on its 
procoagulant cofactor function and impaired the proteolytic processing of FV by thrombin or FXa. 
These effects of protamine were not observed in assays using FVa, which lacks AR2. When added to 
heparinized plasma, low concentrations of protamine restored thrombin generation (TG) in normal 
human plasma (NHP) and FV deficient plasma reconstituted with pd-FV, FV-short or FVa. However, 
high concentrations resulted in the progressive reduction of TG for NHP and pd-FV and FV-short 
plasma, with no further effects on plasma reconstituted with FVa. Similar results were obtained 
with other basic molecules (Poly-Arg and Poly-RPT), while other tested basic molecules (Poly-Lys, 
PF4 and Histone H3) were able to revert the anticoagulant effect of UFH without inhibiting FVa(AR) 
procoagulant function. 

Conclusions: These results suggest that protamine exerts its anticoagulant effect by interacting with 
physiological relevant FVa(AR) species. While all the tested basic molecules neutralized the 
anticoagulant effect of UFH, only few of them interacted with FV. This suggests that this interaction 
is highly specific and other features other than the simple primary structure might be involved. This 
study provides new molecular insight for the adverse anticoagulant effects of protamine and 
highlights the importance of physiologically relevant FVa(AR) species. 



GSK’074- A Novel Inhibitor for Receptor Interacting Protein Kinase 3 is A Potential 
Therapeutic for Thrombosis 

V. PILLI, M. KHOURY and V. PILLI 

Department of Surgery, UW Madison, Madison, Wisconsin, USA 

Background: Thrombosis is one of the leading causes of death in united states, and the cases of 
thrombosis are increasing every year. Thrombosis is prevented by using anticoagulants. Whereas, 
misusage of existing anticoagulants are leading to bleeding disorders. Thereby, it is important to 
identify a potent drug that can prevent thrombosis without causing bleeding phenotype. Receptor 
interacting kinase 3 is well studied as a regulator of cell death and inflammation. Recent studies 
elucidated that RIP3 has a possible role in regulating thrombosis. 

Objectives: To generate a potent drug to prevent thrombosis without causing a bleeding phenotype 

Methods: Platelet-poor plasma was prepared from mouse and human peripheral blood by 
centrifugation. Thrombin generation in platelet-poor-plasma (PPP) using thrombin generation 
assays (TGA). The Inferior Vena Cava (IVC) Ligation Model was performed on both Rip3 wildtype 
(WT) and knockout (KO) mice by ligating the IVC just inferior to the left renal vein for 48 hours 

Results: Role of RIP3 in the regulation of thrombosis was determined by thrombin generation 
assays, where endogenous thrombin potential (ETP) of RIP3+/+ mouse PPP was significantly higher 
compared to RIP3-/- mouse PPP. Further addition of recombinant RIP3, elevated ETP in the RIP3-/- 
mouse PPP. Whereas, RIP3-/- mice does not show spontaneous bleeding phenotype. There by we 
explored the protective effect Rip3 gene absence in thrombus formation in IVC ligation models. IVC 
was ligated just inferior to the left renal vein. The IVC and associated thrombus was subsequently 
harvested 48 hours later and weighed. The thrombus weight (TW) of RIP3+/+ mice (n=6) was larger 
compared to the RIP3-/- mice (n=4); (p<0.01). Recently our lab generated a potent RIP3 inhibitor 
(GSK’074) and we tested its effect as a therapeutic drug in IVC ligation models. RIP3+/+ mice treated 
with GSK’074 (n=6) developed larger clots in the occluded IVC compared to vehicle control (DMSO) 
(n=5) (p<0.01). To further study the translational possibility of GSK’074 we tested its effect on 
human plasma mediated thrombin generation. GSK’074 showed a dose dependent effect on human 
plasma mediated thrombin generation. 

Conclusions: RIP3 regulates thrombus formation whereas, its absence does not cause a bleeding 
phenotype thereby RIP3 acts as a potent target for thrombosis. Our novel drug GSK’074 is a potent 
RIP3 inhibitor prevent thrombus formation in vivo. GSK’074 further can be translated into 
therapeutic as it prevents thrombin generation in human plasma in ex vivo 



A Single Infusion of AMT-061 (AAV5-Padua hFIX) is Safe and Effective in Adults with 
Hemophilia B: Interim Results from Dose-Confirmation Phase 2b Trial 

S. PIPE1, A. VON DRYGALSKI2, A. GIERMASZ3, G. CASTAMAN4, N. KEY5, S. LATTIMORE6, W. 
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Background: AMT-061 is an investigational gene therapy consisting of an adeno-associated virus 
serotype 5 (AAV5) vector containing a codon-optimized human factor IX (FIX) gene incorporating 
the highly active Padua mutation under control of a liver-specific promoter. AMT-061 is an 
enhanced version of AMT-060, the parent compound comprised of the same vector construct but 
incorporating the wildtype FIX gene. AMT-060 was studied in a phase 1/2 trial and has 
demonstrated stable and durable FIX expression in adults with hemophilia B over 2.5 years of follow 
up. In head-to-head comparisons in nonhuman primate studies, AMT-061 demonstrated an 
approximately 6.5-fold increase in FIX activity over AMT-060. 

Objectives: The primary goal of this ongoing trial was to confirm that a single dose of 2x1013 gc/kg 
of AMT-061 would result in FIX activity levels ≥5% at six weeks after dosing in patients with severe 
or moderately severe hemophilia B. Secondary objectives were to assess efficacy and safety of AMT-
061. 

Methods: Phase 2b, open-label, single-dose, single-arm, multi-center trial with a single intravenous 
AMT-061 administration to three adult hemophilia B participants with FIX activity <2%. Participants 
were evaluated for the presence of pre-existing neutralizing antibodies to AAV5 but were not 
excluded from the trial on that basis. Primary efficacy was assessed by FIX activity at six weeks, 
centrally performed by one-stage clotting assay. Participants will be followed for 52 weeks to assess 
FIX activity, bleeding rates and usage of FIX replacement therapy, and will be monitored for five 
years to evaluate the safety of AMT-061. 

Results: Mean FIX activity was 31% six weeks post-administration of AMT-061. As of 15 October 
2018, FIX activity was 37% at ten weeks for participant 1, 23% at eight weeks for participant 2, and 
30% at six weeks for participant 3, respectively. No bleeding events, infusions with FIX replacement 
therapy or serious adverse events have been reported at data cut-off. AMT-061 was well-tolerated, 
without need for immunosuppression. ALT remained within normal limits after dosing for all 
participants. One participant had two isolated observations of mild AST elevation that resolved 
without intervention or loss of FIX activity. Additional efficacy and safety updates encompassing 12-
24 weeks of observation will be presented at the meeting. 

Conclusions: All three participants met the primary endpoint of the phase 2b study after a single 
administration of AMT-061, and individual values in the study appear to be continuing to increase. 



AMT-061 was well-tolerated, with no serious AEs. Based on these favorable results, this dose of 
AMT-061 will be studied in the currently enrolling Phase 3 study. 



An Endothelialized Microfluidic Platform to Evaluate Hemostasis and Platelet 
Function after a Puncture Injury 

I. POVENTUD-FUENTES, K. KWON, M. TOMAIUOLO, T. STALKER, L. BRASS and D. HUH 

University of Pennsylvania, Philadelphia, Pennsylvania, USA 

Background: Studies in mice have shown that during hemostasis, a gradient of agonists generated 
at the injury site results in a heterogeneous hemostatic plug. To bridge the findings of in vivo studies 
with hemostasis in humans, several microfluidic devices have been developed, incorporating flow, a 
procoagulant surface, a pressure drop, endothelial cells (ECs), and even a “vascular” injury. Studies 
in mice have shown that during hemostasis, a gradient of agonists generated at the injury site 
results in a heterogeneous hemostatic plug. To bridge the findings of in vivo studies with hemostasis 
in humans, several microfluidic devices have been developed, incorporating flow, a procoagulant 
surface, a pressure drop, endothelial cells (ECs), and even a “vascular” injury. We are building upon 
the previous generations to better model the vessel wall component and to recapitulate conditions 
present when a puncture injury is made through a blood vessel wall. 

Objectives: Here we present a microfluidic platform that incorporates essential components of 
hemostasis that will allow us to address specific questions about the contribution of these 
components to hemostasis. 

Methods: A 3-compartment microfluidic device is assembled with: a (1) “blood” channel where 
human blood is perfused over a confluent endothelial monolayer, a (2) “vessel wall” channel filled 
with a type I collagen 3D hydrogel that contains tissue factor (TF), and an (3) “extravascular” 
channel to create a pressure drop with the blood channel after a puncture injury with a 120 μm in 
diameter needle. Citrated human whole blood was recalcified and perfused at a 100 s-1 shear rate. 
Platelet accumulation and fibrin formation were monitored with real time fluorescence imaging. 
After perfusion, the devices were fixed to further study the structure of the hemostatic plug using 
confocal fluorescence microscopy and scanning electron microscopy. 

Results: After the ECs monolayer is injured with a needle, blood is perfused and a platelet rich plug 
seals the perforating injury within 10 minutes. Platelets selectively aggregate at the injury site and a 
subpopulation of platelets expose P-selectin on their surface. Greater fibrin formation and platelet 
activation is seen in the presence of TF within the matrix and deformation of the 3D matrix occurs 
as a platelet rich plug seals the injury. 

Conclusions: We have built a microfluidic platform that mimics key aspects of the hemostatic 
response seen in vivo, including a platelet rich plug that stops blood loss and the formation of 
gradients in the extent of platelet activation. This novel microfluidic system will further be used to 
understand how different perturbations of the system can affect the hemostatic plug formation. 



Results From a Phase 3, Randomized, Multicenter Study of Rurioctocog Alfa Pegol 
PK-Guided Prophylaxis Targeting Two FVIII Trough Levels in Patients with Severe 
Hemophilia A (PROPEL Study) 
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Background: Prophylaxis with extended half-life recombinant FVIII rurioctocog alfa pegol (SHP660, 
BAX 855; Baxalta US Inc. [a Takeda company, Lexington, MA, USA]) targeting FVIII trough levels ≥1% 
is effective and well-tolerated in people with severe hemophilia A (Konkle et al. Blood 2015). 

Objectives: As patients may benefit from higher trough levels, this study (NCT02585960) evaluated 
the safety and efficacy of SHP660 in PK-guided prophylaxis targeting two different FVIII trough levels 
in previously treated patients. 

Methods: Eligible patients had baseline FVIII activity <1%, annualized bleed rate (ABR) ≥2, and were 
12–65 years old with ≥150 exposure days to plasma-derived or recombinant FVIII. After initial PK 
assessments, they were randomized to 12 months of PK-guided prophylaxis targeting FVIII trough 
levels of 1–3% (LOW) or 8–12% (HIGH) (1st 6 months: dose adjustment period). Primary outcome 
was % of patients with total ABR=0 (all bleeds) during the 2nd 6-month study period. Secondary 
outcomes included total ABR, spontaneous ABR and spontaneous joint ABR (AJBR) (all bleeds). 
Primary/secondary efficacy outcomes were assessed according to the full analysis set (FAS; 
randomized, ≥1 dose received) and per-protocol analysis set (PAS; completed 2nd 6-months of 
prophylaxis, no significant protocol deviations). Adverse events (AEs) were summarized according to 
the safety analysis set (SAS; ≥1 dose received) and included 6 non-randomized patients. 

Results: The FAS included 115 male patients (57 LOW, 58 HIGH); median (range) age 29 (12–61) 
years. The PAS comprised 80 male patients (41 LOW, 39 HIGH); median (range) age 30 (12–61). The 
primary endpoint of total ABR=0 was achieved by 22/57 (39%) LOW, 38/58 (66%) HIGH in FAS 
(P=0.075) and 15/41 (37%) LOW, 25/39 (64%) HIGH in PAS (P=0.025) (Table). Secondary efficacy 
outcomes are reported in the Table. In the SAS, overall, AEs and SAEs occurred in 73/121 (60%) and 
10/121 (8%) patients, respectively; 1/121 (0.8%) HIGH patient had a SHP660-related SAE (a 
transient 0.6 BU anti-FVIII inhibitor that resolved by study end; no anti-FVIII binding antibodies 
detected). 

Conclusions: PK-guided SHP660 prophylaxis targeting 8–12% vs 1–3% trough levels resulted in 
consistently lower total ABR across groups and a higher proportion of total ABR=0, with similar 
differences between groups for spontaneous ABR and AJBR. Two-thirds of patients achieved a total 
ABR=0 and 90% achieved spontaneous AJBR=0 with FVIII trough levels of 8–12% (FAS and PAS). AE 
profiles were comparable and consistent with previous SHP660 trials. The results demonstrate 



improved outcomes with PK-guided prophylaxis targeting trough levels of 8–12% and support the 
concept that PK-driven treatment to target higher FVIII troughs can further increase the number of 
patients achieving zero bleeds. 

 
Table. Primary and secondary efficacy outcomes with PK-guided SHP660 prophylaxis according to 
the FAS and PAS 



Interim results from an ongoing international epidemiology study into the 
prevalence of preexisting immunity to adeno-associated virus (AAV) in adults with 
hemophilia 
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Background: Adeno-associated viral (AAV) vectors have been used for liver-directed gene transfer in 
clinical trials of patients with hemophilia. Recombinant AAV serotype 8 (AAV8) vectors are in 
development: BAX 888 (SHP654) is a factor VIII (FVIII) gene therapy that is being evaluated in a 
multicentre, Phase 1/2 study (NCT03370172) in patients with severe hemophilia A, SHP648 is a 
factor IX (FIX) gene therapy that is about to enter clinical trials for hemophilia B. Preexisting 
immunity to AAV, resulting from environmental preexposure to wild-type AAV, is a recognized 
limitation for successful transduction by recombinant AAV vectors. Immune responses are directed 
against the AAV capsid of the same serotype or other serotypes if the anti-AAV immune response is 
cross-reactive. Neutralizing antibodies (NAbs) can bind to the vector and prevent delivery of the 
transgene; cell-mediated responses from reactivation of memory T cells can abrogate transgene 
expression and eliminate transduced cells. 

Objectives: This study was initiated to determine the prevalence of preexisting immunity towards 
AAV8 and AAV2 in an adult population of patients with hemophilia A (n=~150) and B (n=~100), and 
to characterize the extent of co-prevalence between AAV8 and AAV2 serotypes. 

Methods: This ongoing, prospective, multicenter epidemiologic study in adult males aged 18‒75 
years with severe hemophilia A (plasma FVIII activity <1%) or B (plasma FIX activity ≤2%) from the 
US, Canada and EU, assesses the prevalence of preexisting immunity to AAV8 and AAV2. Serum, 
plasma, and whole blood samples were collected from patients at 1 or multiple outpatient visits. 
NAb titers were measured by cell-based transduction inhibition assay, binding antibody (BAb) titers 
by ELISA (specificity confirmed by titer cutoffs ≥1:5 and ≥1:80, respectively). Cell-mediated immune 
responses against AAV8 peptide antigens were determined by interferon-gamma enzyme-linked 
ImmunoSpot (ELISPOT) assay. 

Results: Among 41 patients in this interim analysis (data cut date: March 5, 2018) (mean ± SD age: 
33.8 ± 11.07, range 18-58 years), 40 had NAb results and 31 had BAb results; ELISPOT data were 
available for 37 patients. Overall 14/31 patients were negative for any preexisting humoral 
responses to AAV8 measured by NAbs and BAbs. The overall prevalence of AAV8 NAbs (50%; 20/40) 
was lower than AAV2 NAbs (62.5%; 25/40); AAV8 and AAV2 NAbs were co-prevalent in 42.5% 
(17/40) of patients; AAV8 and AAV2 BAbs were co-prevalent in 35.5% (11/31) of patients. Of 9/37 
patients with positive AAV8-specific ELISPOT results, 6 (66.7%) were positive for AAV8 NAbs. Study 
enrollment has now been completed. 

Conclusions: Interim data from this ongoing epidemiologic study provide evidence of serotype cross 
reactivity for AAV-directed humoral immune responses and suggest a correlation between cell-
mediated and humoral responses. Insights into preexisting AAV immunity may help to circumvent 
anti-AAV responses that currently restrict eligibility for SHP654 and SHP648 gene therapy trials. 



Characteristics of Patients Successfully Treated on Every-7-day Dosing in the 
PROTECT VIII Extension (BAY 94-9027) Study 
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Objectives: BAY 94-9027 is an extended–half-life, site-specifically PEGylated recombinant factor VIII. 
The efficacy of BAY 94-9027 prophylaxis was demonstrated in the 36-week PROTECT VIII main study. 
This post hoc analysis was conducted to review the patients who remained in the every 7 days (E7D) 
prophylaxis arm (E7D success group) during the extension phase of PROTECT VIII at the analysis cut-
off (Feb 2015). 

Methods: Patients aged 12–65 years who completed the PROTECT VIII main study could enter the 
open-label PROTECT VIII extension study for ≥100 accumulated exposure days. In the extension, 
patients treated on demand in the main study could either continue or switch to prophylaxis (30–40 
IU/kg twice weekly, 45–60 IU/kg every 5 days, or 60 IU/kg E7D); patients on prophylaxis could 
continue with their regimen or switch to another. We present differences between patients who 
remained in the E7D arm between the start of the extension and either the cut-off date or their last 
visit, and a comparator group not suitable for E7D treatment. This study was not powered to 
support a formal statistical comparison. 

Results: The E7D success group (patients who were either on E7D at extension start [n=30] or who 
switched to E7D early in the extension [n=5]) comprised 35 patients. Most patients (25/35) had 
been randomized to E7D in the main study and continued into the extension. The comparator group 
comprised 32 patients who were either ineligible for randomization in the main study (n=13), 
randomized to E7D and switched in the main study weeks 11–36 (n=11), or in the extension study 
(n=8). Median (range) time in extension was 1.3 (0.1; 1.9) years. Differences in baseline 
characteristics between groups were as follows. The E7D success group were younger (31.0 vs 37.0 
years; p=0.297) and had fewer median target joints (1.0 vs 2.0; p=0.489). Furthermore, the E7D 
success group had fewer bleeds in the year pre-study (2.0 vs 8.5; p<0.001) and more patients were 
bleed-free with 2×W BAY 94-9027 25 IU/kg in the 10-week run-in period (82.9% vs 25.0%; 
p<0.0001). Median (Q1; Q3) joint ABR was 0.5 (0.0; 1.0) for the E7D success group and 2.4 (0.8; 5.8) 
for comparators; higher FVIII levels at Day 4 were also observed following BAY 94-9027 25 IU/kg 
(median trough level 4.3 vs 1.4; p=0.028), and longer median estimated half-lives (19.6h vs 14.9h; 
p=0.0074, based on population pharmacokinetic analysis). 

Conclusions: The E7D success group had a slightly lower median age, and fewer median target joints 
than the comparator group. They had good bleed control prior to study enrollment and were 
predominantly bleed-free during the 10-week run-in period. Further, the E7D success group had 
significantly higher FVIII levels and significantly longer median estimated half-lives vs comparators. 
These post hoc studies suggest that patients with a similar profile to those analyzed here may 
achieve improved outcomes with E7D BAY 94-9027. 



Is the Comprehensive Assessment Tool of Challenges in Hemophilia (CATCH) 
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Objectives: We examined the performance of the new self-reported instrument, Comprehensive 
Assessment Tool of Challenges in Hemophilia (CATCH), to measure the impact of hemophilia and its 
treatment in patients and caregivers. 

Methods: Pediatric (≥8y) and adult (≥18y) patients and caregivers of patients aged 8-17y with 
hemophilia A or B completed the appropriate CATCH version online twice (1 week apart). CATCH 
has been developed using mixed methods research, following recommended methodology. For 
each of the hypothesized concepts in the underlying model, CATCH includes a set of specific items 
and an overall item (see table). For recreational activities, patients only responded to the activities 
relevant to them. Items are scored on ordinal scales (3-4 points for pediatric, 5 points for 
adults/caregivers), with an 11-point numeric rating scale for pain. Rasch measurement theory (RMT) 
analysis, which defines how a set of items should perform to generate reliable and valid 
measurements, was performed for each concept. 

Results: Participants included 106 pediatric patients (mean age: 12y), 78 adult patients (mean age: 
37y), and 129 caregivers (mean age: 40y). Most patients had hemophilia A (73%) and 
moderate/severe disease (95%); 23% had inhibitors. Risk perception and impact items for daily and 
social activities showed good fit to the Rasch model and good reliability (consistently >0.8). These 
items defined broad constructs ranging from safer (e.g., ‘talking on the phone’ or ‘playing board 
games’) to less safe (e.g., ‘carrying heavy objects’ or ‘playing rough with kids’), with more patients 
responding towards the ‘safer’ end. Data on recreational activity were scarce by design, as patients 
answered only those relevant to them, making the analysis challenging. However, a core set of 
recreational activities was defined for both the adult and pediatric versions, with 7 common 
activities, 9 specific to children and 8 to adults. Core activity items had acceptable fit to the Rasch 
model and targeting to the patient sample but low reliability (0.60-0.65). They defined broad 
constructs ranging from lower-risk (e.g., ‘doing yoga’) to moderate risk (e.g., ‘baseball’). The items 
assessing other concepts (work/school, preoccupation, treatment burden, pain) showed acceptable 
fit to the Rasch model and targeting to the patient sample and adequate reliability. The 5-point 
response scale for the adult instrument showed limitations, which could be overcome by using 4 
categories instead. 

Conclusions: Our data showed that CATCH can be an appropriate and comprehensive measure of 
the impact of hemophilia and its treatment on patients and caregivers. More data will be needed to 



consolidate its performance and interpretation. Yet, its built-in versatility (different version for 
adults and children, independent measures for key concepts, including specific and overall items) 
makes it a promising instrument for use in many contexts, from clinical research to clinical practice. 

 
Description of the concepts captured by CATCH Adult, Pediatric and Caregiver versions, with 
number of items. Note ‘overall’ represents the overall impact of the disease on a given domain and 
‘larger bank’ represents additional items. 



Analysis of patient bleeding and treatment patterns before and after von 
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Background: Von Willebrand disease (VWD) is the most common inherited bleeding disorder, with a 
heterogeneous clinical presentation, reduced penetrance and variable expressivity. Although 
patients have impaired hemostasis that manifests as bleeding, VWD diagnosis and subsequent 
management remains a challenge. 

Objectives: Utilize a medical insurance claims database to characterize diagnosis, bleeding and 
treatment patterns in patients with VWD. 

Methods: This retrospective database analysis included data from the IQVIA PharMetrics Plus 
Database for medical insurance claims for VWD (ICD-9 286.4) from January 01, 2006 to June 30, 
2015. Patients with ≥2 medical claims for VWD and continuously enrolled for a 2-year period, to 
ensure higher likelihood of definitive VWD diagnosis, before and after their 1st VWD claim were 
included. The pre diagnosis period included data 18 months before diagnosis. The post diagnosis 
period included data 7–24 months post diagnosis. Data in the 1st 6-months post diagnosis were 
excluded due to data variability suggesting that treatments were being optimized during this time. 
Descriptive statistics were used to summarize patient demographic and clinical characteristics 
including bleed types, rates and outcomes; treating physician specialty; and type of VWD treatment, 
in both the pre and post diagnosis periods. 

Results: Of 3,756 patients identified, 73% were female, and median age at VWD diagnosis was 34 
(2–82) years. In the pre and post diagnosis periods, the top 3 treating physician specialties were 
hospitalists (22% and 14%), primary care physicians (14% and 8%) and obstetrician-gynecologists 
(13% and 10%). Only 6% of patients saw a hematologist pre diagnosis for a bleeding event (BE) 
compared to 3% after diagnosis. There was an 11% decrease in bleed claims reported post diagnosis 
(45% and 34%, pre and post diagnosis). Among females, heavy menses were the most common type 
of BE representing 29% and 21% of claims pre and post diagnosis, respectively. Epistaxis was the 
most common bleed type among males, accounting for 13% and 8% of all BEs reported pre and post 
diagnosis, respectively. Overall, treatment claims associated with VWD increased post diagnosis 
(pre [19%] vs post [27%] diagnosis). The most prescribed treatments for bleed management in 
women were oral contraceptives, desmopressin (DDAVP) and aminocaproic acid (ACA) (pre 
diagnosis: 18%, 5% and 2%; post diagnosis: 20%, 11% and 5%). In men, the most prescribed 
treatments were DDAVP, ACA and von Willebrand factor (VWF) concentrates (pre diagnosis: 5%, 4% 
and 2%; post-diagnosis: 9%, 6% and 4%). 

Conclusions: These data show an overall reduction in the frequency of BE claims after VWD 
diagnosis; coupled with the increase in treatment claims for DDAVP, ACA and VWF post diagnosis, 
this underscores the importance of diagnosis and treatment optimization in patients with VWD. 



Also, only a minority of patients received care from a hematologist which may impact treatment 
and care. Further analyses of these data are ongoing. 
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Objectives: The frequency of bleeding is often considered the primary efficacy measure of 
hemophilia drugs. However, capturing bleeding outcomes in hemophilia patients, particularly using 
claims data, is challenging. Doctors do ask patients about bleeds at appointments and assess 
annualized bleed rates (ABR) in patients, in theory documenting that in their notes. This abstract 
explores the feasibility of Machine Learning to identify bleeds in physicians’ notes in the Electronic 
Medical Record (EHR) for potential future application in measurement of real-world outcomes. 

Methods: We used the Optum© EHR data acquisition model, which aggregates deidentified data 
from providers across the continuum of care. The deidentified extracts of phrases within the 
Optum© EHR deidentified database (2012-2017) that included Natural Language Processing (NLP) 
terms related to bleeding were extracted. Example of Extracts: • Patient with known chronic end 
stage hemarthritic pain r/t recurrent hemophilia joint bleeding. He is known severe hemophilia A, 
on prophylaxis rFVIII therapy, • just reported that he has been experiencing at least 1-2 
spontaneous bleeds into the left elbow. The terms were then searched among physicians’ notes on 
males with ICD codes for hemophilia A and B (286.0/D66 & 286.1/D67). Patients had to have at least 
one prescription for factor replacement product during the five-year study time period. The terms 
were: • ABR, • annual bleed rate, • annualized bleeding rate, • annualized bleed rate, • ARB, • 
bleeds per year, • spontaneous bleeding, and • spontaneous hematoma. The final list of terms was 
determined with input from internal physicians and confirmed post analysis in an advisory board of 
external physicians, the number of mentions the terms had in the notes and prior hemophilia 
literature. A patient’s EHR could contribute one or more NLP terms. 

Results: Of the 76,321,811 lives in in the entire Optum EHR database during our study, 13,352 had 
an ICD code for Hemophilia A or B (17%). 2,474 were taking factor replacement products; of which 
2,283 were male. Therefore, a total of 2,283 patients fit the non-NLP criteria and 383 patients had 
NLP associated with their records; specifically, 293 hemophilia A patients and 91 hemophilia B 
patients. “ABR” (166 [57%] and 55 [60%], Hemophilia A and B, respectively) was the most common 
term appearing in the notes. “Spontaneous bleeding” was the second most common term in 
hemophilia A (151) and “annualized bleeding rate” was second in hemophilia B (47), both 
accounting for 52% of the total patients with NLP. Terms such as annual bleed rate, annualized 
bleed rate, and spontaneous hematoma were all sparsely populated in both disease conditions. 

Conclusions: In this real-world data NLP analysis, terms specific to the description of bleeding 
events in hemophilia were detected in the EHR. Refinement of outcome-specific terms may increase 
data capture and promote use in outcomes assessments. 



 
Hemophilia A with any NLP 

 
Hemophilia B with any NLP 
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Background: Physical activity can be classified according to expected level of physical contact: 
activity class 1, significant contact is not expected (eg, swimming); activity class 2, significant contact 
might occur (eg, basketball); and activity class 3, significant contact is inevitable (eg, wrestling). A 
study by Broderick CR et al (JAMA. 2012;308:1452-1459) suggests that, during physical activity, FVIII 
activity levels of 50% for activity class 2 and 70% for activity class 3 might be required in patients 
with hemophilia A to normalize the risk of bleeding. Daily administrations of FVIII products with 
standard half-life are considered useful for providing short daily intervals with high FVIII coverage. 
Pharmacokinetic (PK) modeling was used to assess daily dosing of turoctocog alfa immediately 
before intended physical activity. 

Objectives: To determine the daily dose levels of turoctocog alfa required to maintain FVIII activity 
levels above 30%, 50%, and 70% for at least 2 hours per day. 

Methods: Simulations were performed with NONMEM 7.3 using a one-compartment model with 
first-order elimination. FVIII PK profiles were simulated using the following PK values for turoctocog 
alfa: mean (SD) clearance of 3.74 (0.95) mL/h/kg and volume of distribution of 53.4 (10.9) mL/kg 
(applicable for repeated IV bolus injections). To normalize the risk of bleeding, nominal targets of 
FVIII activity levels above 30%, 50%, and 70% for at least 2 h/d for the activity classes 1, 2 and 3, 
respectively, were used. 

Results: FVIII PK profile simulations of once-daily administration of 3 different dose levels of 
turoctocog alfa (14, 23, and 33 IU/kg) are shown in Figure 1. Predicted peak and trough FVIII activity 
levels from once-daily administration of the 3 different dose levels are shown in Table 1. To achieve 
FVIII activity levels above 30%, 50%, and 70% for at least 2 h/d, the daily dose of turoctocog alfa was 
estimated to be 14 IU/kg, 23 IU/kg, and 33 IU/kg, respectively, and hence, weekly use of 98 IU/kg, 
171 IU/kg, and 231 IU/kg, respectively (Table 1). 

Conclusions: Simulations of once-daily turoctocog alfa administrations show that doses of 14, 23, 
and 33 IU/kg can produce FVIII activity levels above 30%, 50%, and 70%, respectively, for at least 2 
hours per day. An active hemophilia patient could benefit from daily FVIII administrations 
immediately prior to physical activity. A higher degree of temperature stability can provide more 
flexibility in this regard. 



 
Figure 1: FVIII PK profiles from once-daily administration of 3 different dose levels of turoctocog 
alfa. 

 
Table 1: Predicted peak and trough FVIII activity levels with once-daily dosing of turoctocog alfa. 
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Background: In acquired Thrombotic Thrombocytopenic Purpura (aTTP), autoantibodies inhibit 
and/or accelerate clearance of a disintegrin and metalloproteinase with thrombospondin type-1 
motifs 13 (ADAMTS13). Severe ADAMTS13 deficiency leads to microangiopathic hemolytic anemia 
and systemic microthrombi formation. Plasma exchange (PEX) plus immunosuppression is standard 
treatment for aTTP, but mortality and acute/chronic morbidity remain high. A recombinant 
ADAMTS13 (rADAMTS13, SHP655) was previously shown to be generally well tolerated in patients 
with congenital TTP, but it has never been used to treat patients with aTTP. Supplementation with 
rADAMTS13 targets the central deficiency of aTTP and may improve outcomes and/or reduce the 
burden of treatment in patients with aTTP. 

Objectives: We report the design of a phase 2 multi-center study that will investigate the 
pharmacokinetics (PK) of ADAMTS13 and pathophysiological biomarkers in patients with aTTP 
treated with or without rADAMTS13. 

Methods: The study will be conducted in North America and Europe. Patients (n= ~30) with 
autoimmune aTTP, aged 18-75 years, presenting with an acute TTP episode, will be randomized into 
1 of 3 treatment arms (1:1:1) (Figure 1) either before or after an initial PEX. Supplementation with 
rADAMTS13 will be omitted if pre-PEX ADAMTS13 activity levels are >150%. After remission, if 
ADAMTS13 activity is <50%, patients will receive weekly rADAMTS13 or placebo for up to 4 weeks. 
Patients will be followed for a total of 3 months. Primary endpoints will be ADAMTS13 antigen and 
activity levels, platelet counts and LDH levels. Secondary endpoints include: binding and inhibitory 
Abs to ADAMTS13 and Abs to rADAMTS13, PK parameters, and PK/PD relationships. Safety 
assessments will record adverse events, clinically relevant changes in vital signs, clinical chemistry 
and hematology findings; occurrence of PEX-related complications and aTTP-related complications; 
and aTTP exacerbations and relapses. Renal, cardiac, and neurologic function will be assessed by 
cognitive scales and measurement of biomarkers. The impact of rADAMTS13 on quality of life and 
health resource utilization will also be determined. 

Results: The data collected will describe the PKs of ADAMTS13 in the setting of daily PEX and 
autoantibodies to ADAMTS13. The standard of care arm will provide an estimate for the 
independent contribution of PEX on normalization of ADAMTS13 activity. The data will also describe 
the pharmacodynamics of ADAMTS13 for tolerability and its impact on pathophysiological 
biomarkers known to cause mortality in this disease state. 

Conclusions: This will be the first study of rADAMTS13 in aTTP and will yield PK, safety and efficacy 
data for acute treatment of aTTP. These data will be statistically modeled to predict which 
rADAMTS13 regimens can reduce the need for PEX and/or achieve therapeutic ADAMTS13 activity 
levels more quickly. 



 
Figure 1. Study Design Schematic 
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Background: The variability in laboratory monitoring of novel and extended half-life FVIII 
concentrates is a current challenge for clinicians and laboratories. Antihemophilic factor 
(recombinant) single chain (SCrVIII) is a novel B-domain truncated recombinant factor VIII licensed 
for treatment of Hemophilia A. While using this product, one stage assays (OS) are known to 
underestimate FVIII and it is recommended that a conversion factor of 2 be applied to all OS results 
regardless of APTT reagent. Alternatively, a Chromogenic VIII assay (ChVIII) can be used which is not 
widely available. 

Objectives: We report on additional inconsistencies when applying the conversion factor to 
individuals with mild FVIII deficiency, which is of importance since most centers rely on the accuracy 
of OS for real-time treatment decisions. 

Methods: We performed pharmacokinetic (PK) studies on 4 individuals with varying severity of FVIII 
deficiency, comparing OS to ChVIII in 3/4 cases. OS was performed on-site using CK-Prest and a 
kaolin activator with results multiplied by 2 as per manufacturer’s instructions, and ChVIII was 
performed at an independent diagnostic laboratory. PK timepoints were at the discretion of the 
ordering physician. 

Results: Individuals were age 10-55 years, with no history of inhibitors, and included 3 males (1 
severe, 1 moderate, 1 mild) and 1 female (1 mild) (Table 1). There was mild discrepancy between 
baseline FVIII in 2 patients with mild hemophilia, OS:ChVIII=1.5. At 1 hour, there was notably higher 
peak values than predicted (assuming 1 unit/kg SCrVIII increases FVIII by 2 IU/dL) with a percent 
difference of 7-42% with OS (n=5), 5-9% with ChVIII (n=3), and a difference of 15-23% between OS 
and ChVIII (n=3). For individuals with <3% circulating FVIII, there was reasonable concordance 
between OS and ChVIII assays. The discrepancy between OS and ChVIII was more pronounced in 
patients with mild hemophilia; at 24 hours the difference was 52% (n=2), 48 hours 53% (n=1), 72h 
59% (n=1). When OS were reported without the conversion factor, the difference between OS and 
ChVIII in mild hemophilia decreased to 3-4% at 24h (n=2), 7% at 48h (n=1). 

Conclusions: Our findings echo the laboratory variability reported in the previous field study (St. 
Ledger K, et al. J Thromb Haemost 2016) and in vivo studies (Bowyer A, et al. Haemophilia 2017), 
but highlights the additional challenge of interpreting FVIII levels in patients with mild hemophilia 
treated with SCrVIII. When the correction factor of 2 is used in individuals with endogenous FVIII 
there is likely overestimation of levels, which can lead to under-dosing. This finding has implications 
for centers that do not have real-time access to ChVIII. Future studies with alternate PTT reagents or 
conversion factors and guidance from the manufacturer regarding laboratory monitoring of 
individuals with non-severe hemophilia is needed. 



 
Table 1 Pharmacokinetic data on 4 Hemophilia patients receiving SCrVIII with comparison of one 
stage (OS) results with conversion factor 



Comparison of Actual Body Weight, Ideal Body Weight, and Adjusted Body Weight 
with Therapeutic Enoxaparin Dosing in Morbidly Obese Pediatric Patients 
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Background: Utilizing actual body weight, in obese children, to calculate enoxaparin dose leads to 
higher anti-Xa assay results than in non-obese children (Richard AA, et al. J Pediatr 2013). Other 
weight calculations should be explored for enoxaparin dosing. Bauer, et al. described adjusted body 
weight to dose hydrophilic drugs in obese patients. (Bauer LA, et al. Eur J Clin Pharmacol. 1983). 
Enoxaparin is hydrophilic and may be more accurately dosed in obese children by calculating 
adjusted body weight. Prior pediatric studies of enoxaparin dosing have not focused on obese 
patients or have not evaluated adjusted body weight in analysis (Moffett BS, et al. Ann 
Pharmacother) (Richard AA, et al. J Pediatr 2013). 

Objectives: To compare dosing of enoxaparin required to achieve therapeutic anti-Xa 
concentrations using actual body weight, ideal body weight, and adjusted body weight. 

Methods: This was a retrospective chart review of pediatric subjects with a body mass index of 95th 
percentile or greater receiving treatment doses of enoxaparin. Subjects were included if they were 
2-18 years of age, receiving enoxaparin with a goal ant-Xa between 0.5-1.0 u/mL, with anti-Xa 
results timed appropriately after at least three doses of enoxaparin. Subjects with renal 
insufficiency and mechanical circulatory support were excluded. Actual body weight, ideal body 
weight, and adjusted body weight were compared with the dose of enoxaparin at time of 
therapeutic anti-Xa concentration. 

Results: Twenty-eight subjects were included with a mean age of 13.8 years (range 5-18 years). 
Actual, ideal, and adjusted body weight means were 97.3kg (range 33-189kg), 51.1kg (range 22.7-
68.1kg), 69.6 kg (range 26.8-116.48kg) respectively. Mean dose ± Standard Error of Mean required 
to achieve therapeutic anti-Xa concentration for actual, ideal, and adjusted body weight were 
respectively, 0.9mg/kg ± 0.043, 1.704mg/kg ± 0.096, and 1.24mg/kg ± 0.059. Linear correlation of 
therapeutic dose with actual body weight (R2 = 0.51, P<0.0001), ideal body weight (R2 = 0.34, 
P<0.001), and adjusted body weight (R2 = 0.52, P<0.0001). See figure 1. 

Conclusions: Actual, ideal, or adjusted body weight may be used to calculate enoxaparin dosing. 
Depending upon weight calculation used, an alternative weight-based dose is required to achieve a 
therapeutic anti-Xa concentration. Therapeutic dose correlated best with adjusted body weight, 
followed closely by actual body weight, and poorest correlation was with ideal body weight. 



 
Figure 1 
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associated with clinical bleeding 
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Background: Tissue factor (TF) is the primary initiator of blood coagulation in vivo and is the only 
coagulation factor for which a human deficiency has never been described. As TF is not routinely 
measured in standard clinical laboratories, the extent to which genetic variation in F3 encoding TF 
contributes to bleeding risk is unknown. 

Objectives: We hypothesize that individuals with hereditary bleeding but normal laboratory 
evaluation may have a defect in coagulation initiation attributable to heterozygous TF deficiency. 

Methods: Clinical evaluation, routine laboratory assays, and whole genome sequencing were 
performed in patients with undiagnosed bleeding defects through the NIHR BioResource – Rare 
Diseases Consortium. A patient was identified with a heterozygous F3 defect. The TF mutant was 
purified and evaluated in factor Xa and thrombin generation assays. Human umbilical vein 
endothelial cells were transduced with the variant and similarly analyzed. A CRISPR-based strategy 
introduced the truncating allele into induced pluripotent stem cells (iPSCs). These iPSCs were 
differentiated into cells of endothelial and vascular smooth muscle lineage. TF expression was 
evaluated by qPCR and Western blot, and differentiated cells tested for their ability to support TF-
dependent coagulation initiation. 

Results: We identify a heterozygous F3 frameshift variant causing premature termination 
(Ser117HisfsTer10) of TF in a female with a mild familial bleeding diathesis characterized by 
menorrhagia, easy bruising, and post-partum hemorrhage despite normal laboratory evaluation. 
Bleeding in the mother and maternal aunt suggests autosomal dominant inheritance. Although it is 
impossible to exclude the contribution of an uncharacterized modifier, other mutations associated 
with bleeding in humans were not observed. CRISPR-edited iPSCs recapitulating the variant were 
differentiated into vascular smooth muscle and endothelial-like cells that demonstrate 
haploinsufficiency of TF when evaluated in factor Xa generation assays. The variant F3 transcript 
increases upon cycloheximide treatment indicating it is a substrate for nonsense-mediated decay. 
Residual truncated TF is unstable and degraded by the proteasome. Neither overexpression in 
cultured cells nor addition of exogenous recombinant mutant TF inhibits factor Xa or thrombin 
generation, excluding a dominant negative mechanism. Analyzing F3 null alleles in 141,456 



individuals, we observe that haploinsufficiency of TF is tolerated in humans and estimate that 
heterozygous TF deficiency has an incidence of 1 in 25,000. 

Conclusions: Haploinsufficiency of TF is a novel modifier of coagulation initiation that should be 
considered in individuals with undiagnosed bleeding disorders and normal routine hemostatic 
evaluations. 
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demonstrated improved bleed control and adherence with reduced treatment 
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Background: rFIXFc was the first extended half-life factor IX (FIX) product approved in the US to 
treat children and adults with hemophilia B. Long-term data from clinical trials have demonstrated 
the efficacy and safety of rFIXFc as well as an extended dosing interval (once weekly or every 10–14 
days based on individual needs); however, real-world data are limited (Wang C, et al. Haemophilia 
2018; Buckley BC, et al. AMCP NEXUS 2015). 

Objectives: Therefore, a retrospective chart review was performed to further understand the real-
world effectiveness of rFIXFc in the treatment of hemophilia B. 

Methods: Multicenter, observational, retrospective chart review conducted at 6 sites across the US; 
data extraction for 64 subject charts is reported. Inclusion criteria were diagnosis of hemophilia B 
and receipt of rFIXFc for ≥6 months. Subjects with other coagulation disorders or any record of 
positive FIX inhibitor titers were excluded. De-identified subject-level data were transcribed onto 
anonymous electronic case report forms. Endpoints included changes in FIX therapy dosing interval, 
factor consumption, bleed control, and patient adherence before and after rFIXFc initiation. 
Descriptive statistics were used to summarize the results. 

Results: For the 64 charts analyzed, median (interquartile range [IQR]) duration of follow-up for 
subjects receiving rFIXFc was 2.7 (1.9–3.3) years. At baseline, 61% of subjects were >18 years of age, 
78% were white, 31% reported hemophilic arthropathy, 27% had hepatitis C, and 59% had severe 
hemophilia B. The most common genotype was missense mutation (48%; Table 1). Pre-rFIXFc 
initiation, 34 (53%) subjects received prophylaxis (other FIX) treatment compared with 54 (84%) at 
study end (all rFIXFc). For these 54 subjects, the median (IQR) total weekly dose was 52 (50–76) 
IU/kg; 51 (94%) were on a dosing interval of weekly or longer at initiation of rFIXFc prophylaxis 
(every 7 days, n=38; every 10 days, n=9; every 14 days, n=4). For 32 subjects who were receiving 
other prophylaxis (not rFIXFc), switched to rFIXFc, and had available data, median weekly factor 
consumption declined by ~50% across all disease severities. No subject switched from pre-study 
prophylaxis to on-demand treatment. Annualized bleed rate (ABR) data (overall, spontaneous, joint) 
were available for 24 subjects treated with prophylaxis regimens pre- and post-rFIXFc. Decreased 
ABRs were observed for each bleed type across all disease severities (Table 2). The most common 
reason for switching to rFIXFc was to reduce treatment burden (31/64 [48%]). No subject reported 
adherence issues while on rFIXFc. 



Conclusions: Results observed in this real-world study include improved bleed control, reduced 
factor consumption, and decreased burden of infusion following initiation of rFIXFc in subjects with 
hemophilia B regardless of disease severity. These results support findings from the pivotal trials 
and add to the body of evidence supporting rFIXFc in the treatment of hemophilia B. 

 

 



Overuse of HIT Antibody Testing in Clinical Practice 

J. SHEVACH1 and K. MARTIN2 
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USA; and 2Northwestern University Feinberg School of Medicine, Chicago, Illinois, USA 

Background: Heparin induced thrombocytopenia (HIT) is often suspected when thrombocytopenia 
occurs in the setting of heparin administration. An Enzyme Linked Immunosorbent (ELISA) based-
assay is used to screen for antibodies (HAb) formed against complexes of heparin and platelet factor 
4. The ELISA test is considered negative when the optical density (OD) is <0.4. However, the 
magnitude of OD correlates with likelihood of HIT, such that higher OD values correspond to higher 
risk of true HIT. The assay has relatively low specificity (74-86%) and a correspondingly high false-
positive rate (Sun L et al. Throm Haem 2016). Positive tests may lead to further laboratory and 
imaging testing, alternative anticoagulation, and prolonged hospital stays, with subsequent 
increases in cost. The “4T score” can be incorporated into decisions on whether to pursue HAb 
testing, as a low 4T score indicates a low risk of HIT and HAb testing is discouraged (Cuker A et al. 
Blood Advances 2018). Minimizing unnecessary HAb lab testing in order to reduce clinical and 
financial downstream effects represents a significant opportunity to improve quality of care. We 
examined the frequency and patterns of HAb testing in order to evaluate the potential for 
intervention to minimize excessive HAb testing. 

Methods: Data was retrospectively abstracted from the electronic database warehouse (EDW) of a 
single academic medical center for a two-year period (January 2015- Dec 31, 2016). Data obtained 
include HAb and serotonin release assay (SRA) test results and location of test by discharge floor 
location as a surrogate for ordering department. Costs were estimated by the hospital cost for each 
laboratory test. 

Results: 1,117 HIT antibodies were sent during the two-year study period. 926 (83%) had an OD 
<0.4, 129 (11%) had OD 0.4—1.0, and 62 (6%) had OD >1.0. 216 SRAs were sent, including 85 on 
patients with a corresponding HAb OD <0.4. 28 SRA (13%) were positive. Surgical services sent the 
most HAb tests (250), followed by general medicine (including cardiology), and hepatology. HAb 
testing cost $988,000 for the study period, including expenses of $819,000 for HAb <0.4. Expenses 
for SRA sent with a corresponding HIT Ab <0.4 were $72,000. 

Conclusions: Testing for HIT is common at our institution, and the majority of tests are sent in 
patients with a low likelihood of having HIT: 83% had an OD <0.4, corresponding to a <1% chance of 
true HIT, and 95% had an OD <1.0, corresponding to a <5% chance of true HIT ( Warkentin TE et al. 
JTH 2008). This suggests that HAb testing is overused at our institution and may be associated with 
downstream clinical and financial consequences. The unnecessary use of HAb testing, and its 
associated clinical and financial impact in patients at low-risk of HIT, provides an opportunity for 
intervention to improve the quality and value of our care, such as through incorporation of the 4T 
score prior to HAb ordering. 



Population Pharmacokinetic Modeling of On demand and Surgical use of nonacog 
beta pegol (N9-GP) and rFIXFc based upon the paradigm 7 Comparative PK Study 
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Background: It is important to understand the pharmacokinetic (PK) differences between standard 
and extended half-life (EHL) products, particularly for factor IX (FIX) where differences are more 
significant than for factor VIII. Two single-dose PK trials show that N9-GP achieves higher FIX levels 
and greater area under the curve (AUC) than pdFIX, rFIX, and rFIXFc through higher recovery and 
longer terminal half-life. In paradigm 7, N9-GP demonstrated consistently favorable PK 
characteristics compared with rFIXFc based on both one-stage clotting assay (OS) and chromogenic 
assay. Based upon OS, N9-GP had 4.4 times higher AUC, 2.2 times higher incremental recovery at 30 
min, 5.8 times higher FIX activity at 168 hours, and 1.2 times longer half-life. The findings are 
consistent with published data for each compound. 

Objectives: The impact of PK differences between N9-GP and pdFIX/rFIX for on demand and surgical 
use was first explored by Collins et al (J Thromb Haemost 2012) based on data from the paradigm 1 
PK trial. The present analysis uses population PK models to explore differences between N9-GP and 
rFIXFc based upon the paradigm 7 PK trial. 

Methods: In paradigm 7, 15 PTPs (aged 21–65 years) with hemophilia B received single 50 IU/kg 
doses of N9-GP and rFIXFc ≥21 days apart. A population PK model was developed from the single 
dose PK profiles and used to simulate plasma FIX activity following dosing with N9-GP and rFIXFc for 
surgery and on-demand treatment of bleeds. Simulations were performed to explore N9-GP and 
rFIXFc dose and frequencies required to sustain target FIX levels derived from WFH guidelines 
(Srivastava et al Haemophilia 2013): severe bleed >50% for 3 days; life-threatening bleed (e.g., ICH) 
60-80% for the first 7 days then >30% until 21 days; and major surgery >40% for 3 days, >30% for 3 
days, >20% until day 14. 

Results: The PK-profiles of N9-GP and rFIXFc were described by one- and three compartment 
models, respectively. Simulations predicted significantly reduced dosing frequency and total FIX 
consumption for N9-GP vs. rFIXFc (Table). For severe bleeds, a single dose of N9-GP (80 IU/kg) is 
sufficient to maintain FIX levels based on WFH guidelines, whereas multiple doses of rFIXFc are 
required. Similarly, redosing in the first week with N9-GP is modeled at 6 days for surgery, 
compared with 6h, 30h, 54h, 78h and 126h for rFIXFc (Figure). For life-threatening bleeds, N9-GP is 
required at days 0, 3, 6, 13 and 18 vs. 0, 6h and then intervals of 24h, then 48h, and then 72h with 
rFIXFc. 

Conclusions: While head-to-head prospective clinical studies are not standardly performed in 
patients with hemophilia, PK modeling approaches based upon direct PK comparisons in PK studies 
can offer insights into the implications of differences of PK between EHL FIX products. These data 



show N9-GP may allow on-demand treatment and perioperative management with 55–75% less 
frequent injections and 65–74% lower overall factor concentrate consumption than rFIXFc. 

 
Table: Number of Doses and Total Dose for On Demand and Surgery 

 
Figure: Simulated Dosing for Major Surgery (N9-GP and rFIXFc) 



  

Melanoma cancer cells activate endothelium via a prostaglandin E2 mediated 
mechanism 

I. SOSA, S. JOSEPH, and K. CHAVA   

Baylor College of Medicine, Houston, Texas, USA 

Background: Von Willebrand factor (VWF) release by endothelial cells prompts platelet aggregation 
and thrombosis. VWF fibers have been shown to contribute to the development of venous 
thromboembolism (VTE) and to cancer metastasis. We have previously demonstrated that PGE2 
production by melanoma cells via a platelet-specific mechanism promotes endothelial cell (EC) 
activation as determined by VWF release and VEGF production. 

Objectives: We propose that melanoma cells ability to activate EC is determined by their 
endogenous PGE2 production. We will test this hypothesis by evaluating EC activation, as 
determined by release of angiogenic factors such as vascular endothelial growth factor (VEGF) and 
growth arrest specific 6 (Gas-6) protein, as well as by VWF release from EC Weibel Palade bodies. 

Methods: We employed co-culture systems to examine the role of two distinct melanoma cell lines, 
obtained from the Wistar Institute. Biosynthesis of prostaglandins by melanoma 164 cells (BRAF 
V600E mutation) and 3670 cells (BRAF G649E and NRAS G12D mutation) were characterized using 
co-cultures system with washed platelets cells and biosynthesis of PGE2 was measured by ELISA. 
Melanoma cells were co-cultured with human umbilical vein endothelial cells (HUVECs) employing a 
trans-well system. Western blot and ELISA were used to measure VWF, VEGF and Gas-6 production 
by HUVECs over a 48-hour time period. 

Results: We characterized the biosynthesis of PGE2 by various melanoma cells lines and found two 
specific lines which produced minimal (164) and high (3670) PGE2 at baseline. While the 164 cell-
lines could be induced to produce PGE2 by co-culture with activated washed platelets, the 3670 
cell-line exhibited high baseline PGE2 production that was unaffected by co- culture with activated 
platelets. The co-culture of 164 cells with HUVECs did not yield significant activation of endothelium 
as determined by VWF release by EC and VEGF and Gas-6 production. In contrast, co-culture of 3670 
cells with HUVECs promoted VWF release, as well as VEGF and Gas-6 biosynthesis. These 
observations were replicated by stimulation of HUVEC cells with exogenous PGE2 or supernatant of 
naïve (not co-cultured with platelets) melanoma cells. 

Conclusions: We have previously demonstrated that PGE2 leads to EC activation as determined by 
VWF release, a first step that contributes to platelet aggregation and thrombosis, as well as by 
biosynthesis of VEGF and Gas-6, two important mediators of angiogenesis which are thought to 
have pivotal roles in metastatic disease. The complex interactions between cancer cells and vascular 
elements merit continuous study as we try to unravel pharmacological targets which may have 
significant implications in the prevention of metastasis and cancer mediated-thrombosis. 



Prevalence of Factor VIII inhibitors in pediatric patients with Hemophilia A in Puerto 
Rico 2000 to 2017 
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Background: Hemophilia A is an X-linked bleeding disorder caused by a deficiency of coagulation 
factor VIII. Treatment and prevention of bleeding requires the intravenous infusions of exogenous 
Factor VIII Concentrates. As exogenous proteins, the person’s immune system can recognize them 
as foreign and develop neutralizing antibodies against the factor VIII known as Inhibitors. Inhibitors 
increases disease burden, costs, morbidity and mortality. Inhibitor development is higher among 
African Americans and Hispanics. The prevalence of Inhibitors among the Puertorrican Pediatric 
Hemophilia Population was found to be almost 28% in a study published by Ortiz I, et al 
Haemophilia 2000. Since 2000 no further studies have been performed on prevalence of inhibitors 
in pediatric patients in Puerto Rico. New therapeutic approaches have been used since that then 
and there was an urge to evaluate the current prevalence of Inhibitors in our pediatric patients. 

Methods: This is a retrospective study that evaluated clinical records from the Hemophilia 
Treatment Center at University Pediatric Hospital were evaluated from January 2000 to December 
2017. Only patients with Hemophilia A were included. Demographic information, baseline factor 
levels, family history of Hemophilia, Inhibitors levels, surgeries and treatment regimen and gene 
mutation data was collected. 

Results: A total of 82 patients were included in the analysis. Among the 82 patients analyzed, there 
were 14 patients that showed positive inhibitor titers during the study period, representing a 
prevalence of 17%. Of these patients with inhibitors, only 28.5 % (N 4) were transient while a 71.5 
remained positive for a prevalence of 12%. 

Conclusions: The prevalence of inhibitor in our pediatric patients with Hemophilia A during the 
period comprised from 2000 to 2017, is of 12%. Previous study done in our population during the 
period from 1989 to 1999 demonstrated a 27.8% prevalence of Inhibitors including transient 
inhibitors but only an 8% prevalence of significant Inhibitors. Although numbers are relatively small 
the period of observation was enough to consider these differences as relevant. Our samples were 
similar from each other. Since previous study lots of changes and new advances in the treatment of 
Hemophilia have developed such as new recombinant factors are available, the use of prophylaxis 
has emerged and increased in our population among others that can have a significant impact on 
these changes. Although our prevalence of Inhibitors is a little higher from the expected and 
described overall prevalence of Inhibitors (5-10%) it is lower than previously described prevalence 
(24%) for Hispanics. 

Supported in part by: Grant Number: D34HP24463. U.S. Department of Health and Human Services 
Health Resources and Services Administration Bureau of Health Workforce, University of Puerto 
Rico School of Medicine. 



Examining the Relative Roles of Biophysical and Biochemical Mechanisms of 
Thrombin Inhibition During Hemostasis 
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T. STALKER 

University of Pennsylvania, Philadelphia, Pennsylvania, USA 

Background: Thrombin generation during the hemostatic response is self-limiting. Understanding 
this self-limiting nature could reveal key differences between hemostasis and pathological 
thrombosis. Despite extensive research, however, how thrombin generation is terminated in the 
setting of hemostasis is poorly understood. 

Objectives: Endogenous anticoagulants provide biochemical means to limit thrombin generation 
and/or activity. Adopting a different perspective, we have previously shown that, during 
hemostasis, platelet mass retraction hinders solute exchange, providing a biophysical mechanism 
that could limit thrombin generation and activity. The relative contributions to thrombin inhibition 
of these distinct biochemical and biophysical mechanisms in vivo is unknown. 

Methods: Here, we used a tightly-knit experimental-computational approach to test the hypothesis 
that platelet mass retraction can inhibit thrombin generation and activity. We developed a 
computational model to simulate the coagulation cascade in a spatially resolved injury geometry 
that included the vessel, the injury, the pressure drop across the injury, the extravascular space, and 
the extravascular tissue factor localization. For our in vivo experiments we used a mouse jugular 
vein mechanical puncture model, in which bleeding time can be quantified and the hemostatic plug 
can be imaged (Tomaiuolo et al., PNAS in press). 

Results: Our simulations show that the combination of pressure drop across the injury, tissue factor 
localization, and platelet mass retraction confine thrombin generation/activity to the extravascular 
space (Fig. 1). The in vivo experiments confirmed the model predictions showing rich deposition of 
fibrin in the extravascular space and little to no fibrin in the luminal side. These effects are mediated 
by physical forces only and are independent of the biochemical inhibitory pathways. The absence of 
intraluminal thrombin led us to hypothesize that aPC mediated thrombin inhibition has negligible 
effects on the hemostatic response. Simulations results show that protein C deficiency or over-
expression have minimal effect on thrombin generation. Instead, using aPC in the simulations 
provides stronger inhibition of thrombin generation, because it bypasses the activation step of 
protein C that is normally spatially restricted. Inhibition of aPC activity in vivo using anti-aPC 
blocking antibodies had no effect on platelet accumulation, activation or thrombin formation in the 
jugular vein hemostasis model, suggesting that aPC does not play a major role in the regulation of 
thrombin during the hemostatic response (Fig. 2). 

Conclusions: This study suggests that 1) platelet mass retraction is an underappreciated mechanism 
that negatively regulates thrombin generation, and 2) aPC mediated inhibition of thrombin 
generation, while relevant for thrombosis, plays a minor role in hemostasis, therefore offering the 
potential for novel therapeutic opportunities. 



 
Thrombin generation and activity are confined primarily in the extravascular space during the 
hemostatic response 

 
Protein C activation has negligible effects during the hemostatic process 
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Hypercoagulopathy Correction is a Novel Biomarker of Disease Response in 
Preclinical Nephrotic Syndrome Models 
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Background: Venous thromboembolism (VTE) is an uncommon but potentially life-threatening 
complication of nephrotic syndrome (NS). We previously demonstrated that hypercoagulopathy is 
proportional to NS severity in rat models. Thus, hypercoagulopathy correction represents an 
important outcome variable when assessing novel NS therapeutics. We previously showed that 
pioglitazone (Pio), a nonsteroidal antidiabetic treatment with potential efficacy in NS, reduced 
proteinuria in rats independently and in combination with glucocorticoids (GC). However, the effect 
of these treatments on hypercoagulopathy remains unknown. 

Objectives: The aim of this study was to determine the effects of Pio and/or steroids on global 
markers of thrombotic risk in a rat NS model. 

Methods: Using a well-established rat model of puromycin aminonucleoside (PAN)-induced NS, 
animals were treated with sham, low- or high-dose GC (methylprednisolone), Pio, or combination 
(low- GC+Pio) daily for 11 days (n=8-13/group). We also compared the effects of Pio and/or GC 
treatment in a set of healthy rats without PAN treatment (n=4/group). Plasma anticoagulated with 
0.32% sodium citrate was collected after 11 days of each treatment. Endogenous thrombin 
potential (ETP) was determined by thrombin generation assay. Plasma antithrombin (AT) activity 
and albumin were measured by amidolytic and colorimetric methods, respectively. 

Results: In rats with PAN-induced NS, high-GC, Pio, and Pio+GC improved proteinuria and also 
corrected hypoalbuminemia (P<0.05; Fig 1). Successful treatment alleviated NS hypercoagulopathy 
concomitantly with markers of disease severity (Fig 2), such that Pio and high-GC improved ETP and 
peak [Thrombin] (P<0.05), whereas low-GC did not. Proteinuria (P=0.005) correlated directly, and 
hypoalbuminemia (P<0.001) indirectly with ETP. Qualitative AT deficit also improved after 
treatment and was correlated with proteinuria (P=0.028), while quantitative AT levels were 
unaffected by either disease or treatment. In contrast, healthy rats treated with Pio and/or GC were 
hypercoagulable by global hemostasis assays, exhibiting similar increases in ETP and peak Thrombin 
(P<0.05) as the untreated PAN nephrotic rats with proteinuria. In addition, both qualitative and 
quantitative AT defects were present in healthy rats treated with high-GC (P<0.05), but not with Pio 
or Pio+low-GC. 

Conclusions: Pio and GC both reduced proteinuria in NS and also significantly improved NS-
associated hypercoagulopathy. Importantly, Pio enabled a steroid-sparing treatment strategy for 
proteinuria reduction in rats. Thus, even a partial reduction in proteinuria may reduce the risk of 
thrombosis. In addition, these data suggest that the risk-benefit ratio of both GC-treatment and 
prophylactic anticoagulation may differ depending on disease severity in NS. Overall these findings 
provide evidence that correction of coagulopathy may be a valuable, novel outcome measure when 
combined with conventional outcomes for testing novel therapeutic agents for NS. 



 
Figure 1: Pioglitazone alone and in combination with low-GC reduced proteinuria and improved 
hypoalbuminemia 

 
Figure 2: Nephrotic Syndrome-Associated Hypercoagulopathy is Alleviated by Both Pioglitazone and 
Steroid Treatment 
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Background: Despite the high prevalence of overweight and obesity in the US, few studies have 
assessed the impact of obesity on hemophilia-specific outcomes or experiences/perceptions of 
health care professionals (HCPs) treating hemophilia. 

Objectives: To identify HCP insights on the unique challenges of patients with hemophilia and 
obesity/overweight (PwHO) and the barriers to chronic weight management. 

Methods: An online survey collected data from HTC-based HCPs between November 2017 and April 
2018. 

Results: Respondents represented all regions and included 10 adult and 29 pediatric hematologists, 
27 nurses/nurse practitioners/physician assistants, 22 physical therapists, and 17 social workers. 
Most HCPs dealt with obesity in their personal lives, and many have attempted weight loss 
(34%/45% serious/several attempts). Recommended approaches for PwHO included being more 
active (89%) and having better eating habits (85%). Almost all HCPs rated obesity of moderate/high 
(44%/45%) concern and during most visits identified impact on health (59%) or joints (69%). HCPs 
reported few PwHO (15%) tried to lose weight in prior year. Most HCPs considered losing 1-10 (32%) 
or 11-20 (43%) pounds as successful; only 18% of PwHO were “successful” in weight loss, with 47% 
maintaining 1- to 10-pound weight loss at 1 year. HCPs perceived PwHO desire to feel better 
physically (85%) and joint pain (81%) as top motivating factors. HCPs most commonly monitored 
reductions in BMI (79%) and joint pain (61%). HCPs reported an average BMI of 30/33/37 was 
associated with minor/moderate/serious negative health consequences; weight significantly affects 
future health (41% extremely, 54% a lot) and has impact on life expectancy. HCPs considered 
obesity as serious (59%) or more serious (31%) than other health conditions. HCPs believed PwHO 
would have less joint bleeding (94%) and pain (89%) and greater mobility (88%) if they lost weight. 
HCPs also viewed lack of exercise, food preferences/habits as biggest barriers to 
initiating/maintaining weight loss (Figure). Most HCPs (72%) perceived PwHO to have limited 
activity due to joint bleeding and 75% believed it was important to discuss weight with PwHO; the 
most common “effective” tools recommended (Table) were general improvement in eating (92%) 
and generally being more active (83%). Many HCPs (43%) reported weight consultation was done at 
routine visits and was most often HCP initiated (77%); reasons included impact of weight on joint 
mobility (79%), pain (77%), and bleeding (72%). Improving pain (71%) and mobility (67%) are top 
HCP goals. Top reasons for obesity specialist referral were patient request (80%) and obesity 
complicating management of hemophilia (67%). 



Conclusions: Most HTC-based HCPs appreciated the impact of obesity on joint bleeding, pain, and 
function and discussed this at most visits. Reduced food intake and increased activity are the most 
commonly recommended weight-loss strategies. Findings also suggest that HCPs desire additional 
education/materials to manage PwHO. 

 
HCP-perceived barriers to initiating and maintaining weight loss 



 
Percentage of HCPs rating recommended weight-loss strategies as effective 
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The Role of Flow in Deep Vein Thrombosis 
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Background: Deep venous thrombosis (DVT) and secondary pulmonary embolism (PE) cause 
approximately 100,000 deaths per year in the US. DVTs typically form in the sinus of venous valves. 
Interestingly, venous valve sinus endothelium has been shown to have a strong anti-thrombotic 
phenotype in healthy subjects (Brooks, et al. Blood 2009). This region is also subject to recirculatory 
flow patterns that activate known transcription factors that drive valve formation during 
development and are necessary for valve maintenance throughout life. 

Objectives: We aim to identify the role of flow in regulating endothelial expression of an anti-
thrombotic genetic program in the venous valve sinus microenvironment, determine if loss of this 
program contributes to DVT pathology, and design a therapy to generate anti-thrombotic patterns 
of venous flow. 

Methods: Histological analysis of venous valve sinus endothelium from both human and mouse 
samples was used to evaluate the expression levels of both coagulation and inflammatory proteins, 
and of flow regulated transcription factors. We also used mouse surgical techniques to disrupt 
venous flow in living mice for days to assess the role of hemodynamics in regulating protein levels in 
the valve sinus. Finally, we used ultrasound studies to demonstrate the efficacy of a novel device in 
modifying venous hemodynamics to recapitulate "active" flow conditions as deep venous valves in 
humans. 

Results: Here we show that the endothelial cells surrounding the venous valve, where DVTs 
originate, express high levels of FOXC2 and PROX1, transcription factors known to be activated by 
oscillatory shear stress. The peri-valvular venous endothelial exhibits a powerful anti-thrombotic 
phenotype characterized by low levels of the pro-thrombotic proteins von Willebrands Factor 
(vWF), P-selectin and intercellular adhesion molecule 1 (ICAM1), high levels of the anti-thrombotic 
proteins thrombomodulin (THBD), endothelial protein C receptor (EPCR) and tissue factor pathway 
inhibitor (TFPI). The peri-valvular anti-thrombotic phenotype is lost following genetic deletion of 
FOXC2 or femoral artery ligation to reduce venous flow in mice, and at the site of origin of human 
DVT associated with fatal PE. Oscillatory blood flow is detected at peri-valvular sites in human veins 
following muscular activity, but not in the immobile state or after activation of a sequential 
compression device designed to prevent DVT. We designed a novel mechanical therapy to 
recapitulate "active" hemodynamics in immobile human subjects, and demonstrated this by 
ultrasound. 

Conclusions: These findings support a mechanism of DVT pathogenesis in which loss of muscular 
activity results in loss of oscillatory shear-dependent transcriptional and anti-thrombotic 
phenotypes in peri-valvular venous endothelial cells, and suggest that prevention of DVT and PE 
may be improved by a mechanical device specifically designed to restore peri-valvular oscillatory 
flow. 



Turoctocog alfa pegol provides reliable prolongation in half-life compared with 
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Background: Turoctocog alfa pegol is a recombinant factor VIII (FVIII) with a site-directed 
glycoPEGylation to prolong half-life. pathfinder1 (NCT01205724) included adult previously treated 
patients (PTPs; age ≥18 years) with severe hemophilia A who received a single dose of 25, 50, or 75 
IU/kg of turoctocog alfa pegol and previous FVIII product, which could be recombinant or plasma-
derived FVIII, to allow for pharmacokinetic (PK) comparison. The mean terminal half-life of 
turoctocog alfa pegol was 19.0 h and was 1.6-fold longer than that of the previous FVIII. pathfinder5 
(NCT01731600) included pediatric PTPs with severe hemophilia A (younger cohort, age 0-5 years; 
older cohort, age 6-11 years) who received turoctocog alfa pegol and a single dose of previous FVIII 
product. The half-life ratio between turoctocog alfa pegol and previous FVIII product was 1.85. 

Objectives: This analysis describes the intra-patient prolongation of the terminal half-life comparing 
turoctocog alfa pegol to the patient’s previous FVIII treatment. 

Methods: FVIII activities were assessed in pathfinder1 and pathfinder5 using a combination of 
chromogenic and one-stage clot assays using product-specific standards (PSS) for turoctocog alfa 
pegol and normal human plasma (NHP) calibrators for patients’ previous product. For adults, the 
terminal half-lives of turoctocog alfa pegol and previous standard half-life FVIII product were 
estimated with a non-compartmental model using time points from 1 to 30 h for previous FVIII 
product and time points from 6 to 96 h for turoctocog alfa pegol. A non-linear mixed effect model 
was applied to estimate the terminal half-life in children. 

Results: PK profiles on turoctocog alfa pegol and prior FVIII were available from 12 younger and 12 
older children and 24 adults. Individual patient change in half-life between turoctocog alfa pegol 
and prior FVIII is shown in the Figure, which demonstrates that all patients had prolongation in half-
life. Descriptive statistics around individual half-life values are shown in the Table. The prolongation 
ratio was higher in children than adults and greater in younger than older children. For children, the 
mean half-life ratio between turoctocog alfa pegol and the previous FVIII product was 1.85, and 97% 
showed prolongation of at least 1.4-fold and 87% at least 1.5-fold. For adults, the mean half-life of 
turoctocog alfa pegol was 1.6-fold longer than that of the previous FVIII, and 75% had prolongation 
of at least 1.4-fold and 63% at least 1.5-fold. 

Conclusions: Individual PK profiles show reliable prolongation of half-life, with almost all children 
and most adults attaining at least 1.5-fold prolongation in half-life. Importantly, the mean half-life 
ratio between turoctocog alfa pegol and previous FVIII was 1.91 for the youngest children, a group 
in which FVIII products have an especially short half-life. The variability in PK prolongation above 
1.5X suggests a further potential for prolonging the dosing interval or maintaining higher troughs in 
select patients. 



 
Individual patient half-life prolongation (turoctocog alfa pegol vs previous FVIII) 

 
Comparison of individual patient half-life (turoctocog alfa pegol vs previous FVIII) 



Common Reasons for Malpractice Lawsuits Involving Pulmonary Embolism and 
Deep Vein Thrombosis 

E. WILSON1, J. PHAIR1, M. CARNEVALE2 and I. KOLEILAT1 
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Background: Pulmonary embolism and deep vein thrombosis are common clinical entities that 
affect all medical subspecialties. Claims from malpractice litigation were analyzed to understand the 
demographics of these lawsuits and the common reasons for pursuing litigation. 

Methods: Cases entered into the Westlaw database from March 5, 1987, to May 31, 2018, were 
reviewed. Search terms included “pulmonary embolism” and “deep vein thrombosis.” Data were 
compiled on the allegation, subject matter and outcome of each case. 

Results: A total of 277 cases were identified. The most frequently identified defendant was an 
internist (including family practitioner) (33%), followed by an emergency physician (18%), an 
orthopedic surgeon (16%), and an obstetrician/gynecologist (9%) (Figure 1). Medical subspecialties 
accounted for 67% of defendants while surgical subspecialties accounted for 43%. Of the other 
surgical subspecialties, defendants included general surgeons (3%), urologists (3%), bariatric 
surgeons (3%), neurosurgeons (2%), vascular surgeons (2%), anesthesiologists (1%), cardiothoracic 
surgeons (1%), plastic surgeons (1%), podiatrists (1%), and oral surgeons (1%). Of the other medical 
subspecialties, defendants included pulmonologists (6%), cardiologists (4%), radiologists (3%), 
hematologist/oncologists (2%), intensivists (1%), and neurologists (1%). The most common etiology 
for pulmonary embolism was prior surgery (41%). The most common allegation was “failure to 
diagnose and treat” in 62% (Figure 2). Other negligences included the failure to administer 
prophylactic anticoagulation while in hospital (18%), failure to prescribe anticoagulation on 
discharge (8%), failure to administer anticoagulation after diagnosis (8%) and premature 
discontinuation of anticoagulation (2%). The most frequently claimed injury or harm was death in 
222 (80%) cases. Verdicts were found for the defendant in 57% of cases, for the plaintiff in 27%, and 
settled in 16%. There were neither correlations found between plaintiff verdicts and the specific 
etiologies and negligence cited above, nor correlations found between plaintiff verdicts and the 
injury of death. Of the 76 cases found for the plaintiff, the median award was $1,010,958 and mean 
award was $2,076,210. 

Conclusions: This is the first study of VTE malpractice claims in the United States to our knowledge. 
The most frequently cited negligent act was the failure to give prophylactic anticoagulation, even 
after discharge. Furthermore, the most common allegation was a “failure to diagnose and treat” 
suggesting that first-contact doctors like emergency physicians and primary care practitioners must 
maintain a high index of suspicion for DVT/PE. Analysis of these cases can provide a framework for 
heightened awareness of risk factors that lead to malpractice suits and can more importantly 
ultimately improve patient care and safety. 



 
Figure 1: Defendant Composition 



 
Figure 2: Alleged Failures. Note: Some cases may involve more than one negligence, so the values in 
Figure 2 do not sum to 100%. 



Real-World Clinical Management of Patients with Hemophilia and Inhibitors With 
aPCC: Characterization of Patient Demographics and Co-Morbidities in the “FEIBA 
Global Outcomes Study (FEIBA GO)” 
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Background: Activated prothrombin complex concentrate (aPCC; Baxalta Inc., a Takeda company, 
Lexington, MA, USA), in clinical use over several decades, has shown to be an effective, well-
tolerated therapy for preventing and managing bleeding in patients with hemophilia A (HA) or B 
(HB) and inhibitors (PwHI). 

Objectives: The primary objective of FEIBA GO is to describe the long-term, real-world effectiveness 
of aPCC in different clinical settings. Secondary outcomes include safety assessments, joint 
functionality, pain assessments and health-related quality of life (HRQoL) data. This analysis focuses 
on baseline demographics and patient co-morbidities. 

Methods: FEIBA GO (EUPAS6691) is an ongoing post-authorization, prospective, observational, 
multicenter cohort study. PwHI (males with high-responding inhibitors of any titer diagnosed before 
study entry and prescribed treatment with aPCC) will be followed over 4 years; treatment regimens 
(prophylaxis, on demand, or immune tolerance induction [ITI]) are prescribed at the physician’s 
discretion. 

Results: Enrollment was completed on Dec 31, 2017, with 53 PwHI from 27 sites in 11 countries (52 
HA, 1 HB; median age 18 years [range: 2–71]). Ethnicity was recorded for 46 patients, with 85% 
classified as white and 9% black. History of aPCC use was obtained from 47 patients who reported a 
median duration of aPCC treatment, pre-screening, of 16 months (range: 0.4-326.6). aPCC 
treatment at baseline included prophylaxis (n=36), on demand (n=11), ITI (n=1) and unknown (n=5). 
Most patients ≤18 years were on prophylaxis (23/28, 82%), while among patients >18 years, 52% 
were on prophylaxis (13/25) and 32% were on-demand treatment (8/25). For patients with HA, the 
median of first historical FVIII inhibitor titer was 12.0 BU (n=46, range: 0.7–2410), while the first 
historical FIX inhibitor titer was 13.8 BU in the patient with HB. At screening, PwHI had a mean of 
1.1 target joints (n=50, range: 0–10). At baseline (n=53), joint function scores (Gilbert scale) were 
available for 23% of patients, pain assessments (NRS/Wong-Baker Faces Scale) for 49% and daily 
activity levels (HAL/PEDHAL) for 74%. HRQoL data (SF-12 [adult]/SF-10 [pediatric], EQ-5D) were 
available for 68% and 72%, respectively. Baseline thrombin generation assay data were only 
available for one patient. Co-morbidities, unrelated to hemophilia, and reported in more than 2 
patients are shown in Table 1 and include hepatitis C infection (11/53, 20.8%), arterial hypertension 



(8/53, 15.1%), asthma, diabetes and hyperhomocysteinemia (each 3/53, 5.7%) and HIV infection 
(2/53, 3.8%). 

Conclusions: These baseline real-world data from FEIBA GO show that the standard of care in 
younger PwHI is based predominantly on prophylaxis. Long-term follow-up data from this study will 
help to describe the impact of this approach on clinical outcomes. 



 
Table 1: Co-morbidities, unrelated to hemophilia (N=53) 



Protein S Deficiency Contributes to the Increased Thrombin Generation in HIV 
Patients 

J. WOOD, M. BANERJEE, T. MYINT and S. WHITEHEART 
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Background: Human Immunodeficiency Virus (HIV) infection is associated with an increased 
thrombotic risk. However, this risk is not reduced by treatment with antiretroviral therapy (ART). It 
is not clear what factor(s) contribute to the increased risk, but HIV infection is associated with 
multiple changes in plasma coagulation proteins, most commonly deficiency in the plasma 
anticoagulant protein S (PS). PS circulates both in complex with C4bp and as a free protein, and both 
pools appear to be decreased in approximately 60% of HIV+ patients. Despite the prevalence of PS 
deficiency, its pathologic consequences are unclear because the standard calibrated automated 
thrombography (CAT) assay is insensitive to PS. PS functions as a cofactor for the anticoagulant 
enzyme activated protein C (APC), whose activation requires endothelial cell thrombomodulin (TM). 
TM is not present in the standard CAT assay, limiting APC generation and PS efficacy. 

Objectives: We developed a PS-sensitive CAT assay and assessed the contribution of PS to thrombin 
generation in HIV+ patients. 

Methods: Citrated plasma was collected from 22 consenting HIV+ patients (11 naive samples 
collected from patients on first diagnosis and 11 samples from patients on ART) and 7 healthy 
controls. 

Results: We first developed a PS-sensitive CAT assay. Tissue factor-initiated thrombin generation 
was measured in PS-deficient plasma in the presence or absence of exogenous TM. In the absence 
of TM, the addition of 150nM purified PS resulted in a 12% decrease in total thrombin produced. By 
contrast, if 20nM TM was included in the assay, then PS supplementation dose-dependently 
decreased total thrombin and 150nM PS resulted in a 75% reduction in thrombin generation. We 
next measured total and free PS concentrations in the patient and control plasma samples by ELISA, 
and measured thrombin generation in the same samples in the presence (PS-sensitive) or absence 
of TM (PS-insensitive). PS deficiency was observed in 13/22 (59.8%) of the HIV+ patient samples 
(p=0.018). The PS concentration in the patient samples ranged from 20.1% to 99.8% of control 
plasma. Similar results were obtained with free PS. ART usage had no effect on PS deficiency 
(p=0.999 between naive and ART patient samples). Plasma PS concentration (total or free) did not 
correlate with PS-insensitive thrombin generation (R2=0.0008), but did negatively correlate with PS-
sensitive thrombin generation (R2=0.155), with decreased PS being associated with increased 
thrombin generation. There was no difference between the naive patients and those on ART in the 
PS-sensitive thrombin generation assay, though there was a non-significant trend toward faster 
thrombin generation in the patients on ART (p=0.087). Interestingly, thrombin generation was 
significantly higher and faster in the ART samples than the naive samples, when the assays were 
performed in the absence of TM (p<0.05 for all thrombin generation parameters). This suggests that 
there is a PS-independent difference between the ART and naive samples, which is masked when 
the complete anticoagulant system is present. 

Conclusions: The increased thrombin generation associated with HIV infection is the result of at 
least two risk factors. First, PS deficiency is a relatively common complication, observed in 
approximately 60% of patients in this study, and correlates with increased thrombin generation in a 



modified PS-sensitive CAT assay. ART treatment does not correct the PS deficiency and also appears 
to be associated with a second, PS-independent risk factor. This second factor, and the lack of 
impact on PS concentration, offering an explanation for why ART does not reduce the thrombotic 
risk of HIV. 



Comparison of Factor Utilization and Bleed Rates in Hemophilia A Prophylaxis 
Patients Treated with Long Acting Recombinant Factor VIII Products in the US 
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Background: Several long acting recombinant factor VIII (rFVIII) products with extended dosing 
intervals are available to treat Hemophilia A in the US, but no studies have compared their 
effectiveness and clinical outcomes. 

Objectives: This study aims to estimate real-world factor consumption and annual bleed rates (ABR) 
in US Hemophilia A patients treated with long acting rFVIII products. 

Methods: De-identified clinical patient chart information was obtained from US healthcare 
providers (hematologists and Hemophilia Treatment Centers) for 40 patients currently treated with 
each of three long acting products – rVIII-SingleChain, rFVIII-Fc and BAX 855. Patient selection took 
into account age and disease severity in order to match the three patient groups as closely as 
possible. ABR was calculated by annualizing the number of bleeds recorded over the reporting time 
window. Prescribed dosing and infusion frequency were used to calculate rFVIII prophylaxis 
consumption. 

Results: The majority of patients (rVIII-SingleChain, 65%; rFVIII-Fc, 70% and BAX 855, 72.5%) were 
dosed two times a week or less, in line with expectations for long acting rFVIII products. The overall 
mean FVIII consumption was 91.1 IU/kg/week with rVIII-SingleChain, 103.6 IU/kg/week with rFVIII-
Fc and 111.0 IU/kg/week with BAX 855, resulting in expected annual utilization of 331,604 IU, 
377,104 IU or 404,040 IU, respectively, for a 70-kg patient. Among patients infusing twice a week or 
less, mean rVIII-SingleChain consumption was 81.2 IU/kg/week, which was 11% lower than with BAX 
855 (91.5 IU/kg/week) and 20% lower than with rFVIII-Fc (101.8 IU/kg/week). ABR were comparable 
between these three products, with mean values ranging from 2.6 (rVIII-SingleChain and rFVIII-Fc; 
median 2.0) to 3.7 (BAX 855; median, 3.0). 

Conclusions: Data from this analysis shows that rVIII-SingleChain had lower factor consumption 
than rVIII-Fc and BAX 855 across all treatment regimens while providing comparable bleed rates. 
This suggests that among long acting products, rVIII-SingleChain most predictably represents a 
product that offers cost-saving opportunities without compromising clinical outcome. 



 

 



Decreased and Less Sustained Hemostatic Stress Responses May Contribute to 
Abnormal Bleeding in Type 1 VWD: Preliminary Results 
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Background: Von Willebrand factor (VWF) levels are used to diagnose Type 1 Von Willebrand 
Disease (VWD), however significant heterogeneity has been reported in bleeding scores (BS) among 
those with Type 1 VWD and the correlation between VWF levels and BS is weak or absent. To date, 
the impact of the hemostatic stress response on bleeding has not been evaluated in Type 1 VWD. 
Desmopressin, used therapeutically, can also be used as a hemostatic stress surrogate, as can 
exercise. By running consecutive desmopressin trials over 2 days the response to repeat stress can 
be evaluated. The hemostatic response can also be characterized by studying subject-derived blood 
outgrowth endothelial cells (BOEC). 

Objectives: To evaluate the contribution of differential temporal responses to surrogates of 
hemostatic stress to the bleeding phenotype of Type 1 VWD. 

Methods: Adults, >18 years, diagnosed with Type 1 VWD and controls were eligible for this study. 
Following informed consent, all subjects had their BS assessed by the ISTH Bleeding Assessment 
Tool. Subjects agreed to participate in 2 consecutive desmopressin trials 24 hours apart followed by 
a treadmill stress test within 2-4 weeks. On day 1 desmopressin (0.3 mcg/kg) was administered sc 
and blood taken pre-administration and 1, 2, and 4 hours after and assessed for VWF antigen 
(VWF:Ag), VWF activity (VWF:GPIbM), and Factor VIII (FVIII). 24 hours later the same procedure was 
repeated. An exercise treadmill test (Standard Bruce Protocol) was organized comparably with one 
additional blood draw immediately after exercise. In addition, BOEC were isolated for future 
experiments involving chemical and shear-stress stimuli. 

Results: To date 5 Type 1 VWD patients and 7 controls have been enrolled. Type 1 VWD patients 
had a significantly higher BS and significantly lower baseline VWF levels compared to controls (Table 
1). The two groups had significant differences in VWF levels at each time point with the controls 
achieving greater levels compared to Type 1 VWD subjects (Table 2). The most significant 
differences were seen 2 hours post stressor. Controls had a significantly greater rise over baseline in 
VWF:Ag up to 4 hours post desmopressin on day 1 (p=0.036) compared to Type 1s. Controls also 
had a significantly greater rise over baseline in VWF:GPIbM levels at peak (p= 0.037) and up to 4 
hours post desmopressin on day 1 (p=0.011) compared to Type 1s. The greater rise in VWF:GPIbM 
both at peak and at 4 hours negatively correlates with BS (-0.6785 & -0.6431, p= 0.018 & 0.028 
respectively). 

Conclusions: Controls had a greater increase in VWF:Ag above baseline up to 4 hours after 
desmopressin and a significantly greater and more sustained increase in VWF:GPIbM which 
negatively correlates with BS. This may suggest that Type 1 VWD patients are less able to respond 
and maintain a response to hemostatic stress and that this attenuation contributes to bleeding. 



Analysis of a larger data set may allow for a clearer understating of the complex pathophysiology in 
Type 1 VWD. 

 
Table 1. Baseline characteristics of Type 1 VWD subjects and controls 



 
Table 2. Comparison of the laboratory response to hemostatic stressors in Type 1 VWD subjects and 
controls 



FVIII-Specific CD4 T Cell Proliferation Requires Multiple Previous Exposures to FVIII 
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Background: Factor VIII (FVIII) replacement therapy in hemophilia A patients can be complicated by 
anti-FVIII antibodies (inhibitors) that can block FVIII activity and decrease replacement efficacy. 
Currently, no prophylactic therapy prevents inhibitor development, likely due to a poor 
understanding of key immune regulators governing this process. In contrast to some model 
antigens, inhibitors occur following multiple FVIII exposures both in humans and mouse models, 
suggesting that early exposure events may prime the immune response. In particular, it is possible 
that each FVIII exposure propagates a CD4 T cell response to a threshold necessary to generate a 
long-lived antibody response. While previous studies suggest that CD4 T cells play an important role 
in inhibitor development (Bray GL, et al. Am J Hematol 1993; Reding MT, et al. Thromb Haemost 
2000), their timing and overall role in immunity to FVIII remains unclear. Thus, defining the role of 
CD4 T cells in inhibitor formation may aid in the development of novel therapeutics for inhibitor 
prevention. 

Objectives: As no tools to study FVIII specific CD4 T cells exist, we generated a novel FVIII product 
for characterizing the CD4 T cell response to FVIII. 

Methods: To do this, OVA was engineered into the B domain site of B-domain-deleted FVIII (HOVA) 
for tracking FVIII specific CD4 T cells. Activity and immunogenicity of HOVA vs. recombinant FVIII 
was assessed. To determine if CD4 T cells from mice that express a T cell receptor specific to OVA 
(OTII) can respond to HOVA, OTII cells were cultured with HOVA in vitro and OTII proliferation was 
evaluated. To test whether HOVA exposure results in OTII activation in vivo, CFSE-labeled OTII cells 
were adoptively transferred into naïve or highly immunized hemophilia A mice prior to HOVA 
exposure. OTII CD4 T cell proliferation and activation was then assessed on days 1, 3 and 5 post 
HOVA infusion. 

Results: HOVA had equivalent FVIII activity and immunogenicity to recombinant FVIII. Additionally, 
the OVA CD4 T cell epitope in HOVA was functional, as OTII CD4 T cell proliferation was observed 
following OTII cell culture with HOVA in vitro. Surprisingly, no proliferation or activation of OTII CD4 
T cells was detected in mice exposed to 1-2 HOVA injections. However, in highly immunized mice, 1 
HOVA injection induced significant OTII CD4 T cell proliferation and activation. 

Conclusions: Understanding factors that initiate the CD4 T cell response to FVIII is paramount to the 
development of novel therapies to prevent inhibitor formation in hemophilia A patients. HOVA is a 
unique immunologic tool for better understanding the FVIII specific CD4 T cell response. Consistent 
with the observation that multiple FVIII exposures are required for inhibitor development, FVIII 
specific CD4 T cell proliferation occurred only following multiple FVIII exposures. These findings 
provide an important clue to early steps in inhibitor development, with further studies needed to 
elucidate the mechanisms underlying this phenomenon. 
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Imbalance of Hepatocyte PAI1 and tPA Contributes to Decreased Systemic 
Fibrinolysis in Obesity 
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Background: Fibrinolysis is initiated by tissue-type plasminogen activator (tPA) and inhibited by 
plasminogen activator inhibitor 1 (PAI1). The balance of tPA and PAI1 is critical for preventing 
excessive clotting without compromising hemostasis. Despite an increase in plasma tPA protein, 
obesity lowers blood tPA activity and fibrinolysis, but the mechanism is unknown. We have shown 
in lean mice that hepatocytes (HCs) contribute substantially to basal plasma tPA level and 
fibrinolysis and that HC tPA expression is repressed by DACH1 (Zheng Z, et al, Blood 2018). Also, a 
previous study showed that liver DACH1 correlates with body mass index in humans and body 
weight in mice (Ozcan L, et al, Cell Rep. 2016), suggesting a possible mechanism that limits tPA in 
obesity. 

Objectives: To explore the regulation of tPA and PAI1 expression in HCs in obesity, with the goal of 
understanding tPA-PAI1 imbalance and defective fibrinolysis in obesity. 

Methods: Palmitate-treated human primary HCs were treated with the indicated siRNAs, and diet-
induced obese mice were treated with the indicated AAV8-H1-shRNAs, which silence genes 
specifically in HCs. 

Results: Both tPA and PAI1 mRNAs were increased in the livers of obese mice vs. lean mice. 
However, the fold increase in PAI1 mRNA was greater than that of tPA, and liver and plasma tPA 
activities were lower in obese mice. Similarly, palmitate increased both tPA and PAI1 mRNA in 
human 1º HCs, but net tPA activity in the medium was decreased. As expected, silencing PAI1 in 
these cells increased medium tPA activity. However, within HCs we uncovered a new PAI1 --> tPA 
"compensatory" pathway that prevented the lowering of tPA mRNA by palmitate: siPAI1 lowered 
tPA mRNA, and, conversely, PAI treatment of HCs induced tPA mRNA. To explain this pathway, we 
found that PAI1 activated the tPA transcription factor CREB1 and that siCREB1 prevented PAI-
induced tPA expression. Most importantly, HC-CREB1 silencing further lowered plasma tPA and 
fibrinolytic activity in obese mice. Finally, we explored counterbalancing negative regulation of tPA 
mRNA by focusing on DACH1. Silencing DACH1 in human 1º HCs markedly increased tPA mRNA, and 
silencing hepatocyte DACH1 in obese mice increased plasma tPA and fibrinolytic activity. In humans, 
tPA activity in plasma and liver was negatively correlated with liver DACH1, consistent with liver 
DACH1 as a negative regulator of tPA. 

Conclusions: Imbalance of hepatocyte PAI1 and tPA contributes to decreased systemic fibrinolysis in 
obesity. Imbalance is promoted by obesity-induced increase in HC PAI1 mRNA and, through DACH1, 
limitation of the expression of HC tPA mRNA. However, the fibrinolysis defect in obesity is limited by 
a novel compensatory pathway in which PAI1, through CREB, increases tPA mRNA. Therapeutic 
boosting of this compensatory pathway, inhibition of the DACH1-tPA repression pathway, and/or 
inhibition of HC PAI expression may provide novel means to restore fibrinolytic balance in obesity. 
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