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			Abstract

			Management of coagulation in patients with von Willebrand Disease (VWD) during Cardiopulmonary Bypass (CPB) is made feasible by the availability of human plasma-derived factor VIII/von Willebrand factor complex concentrates (HPD-FVIII/VWF). Literature supports management using these factors, however their pharmacokinetic properties during CPB remain unknown. We measured the levels and activity of von Willebrand factor during mitral valve replacement of a 16-year-old female with symptomatic VWD. Our findings provide novel evidence that HPD-FVIII/VWF remains in circulation and active after exposure to the CPB circuit. This supports the efficacy of HPD-FVIII/VWF for hemostasis during CPB in patients with VWD.
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			Introduction

			Patients with von Willebrand Disease present a unique challenge to the management of coagulation during the perioperative period. The lack of functional von Willebrand Factor (VWF) and resultant platelet dysfunction increases the risk of surgical blood loss. This risk is amplified in surgeries requiring cardiopulmonary bypass -- a procedure which causes its own inherent coagulopathy. In order to mitigate these risks, plasma levels of VWF are repleted using exogenous factor concentrates. VWF replacement therapy is available as human plasma-derived factor VIII/VWF complex concentrates (HPD-FVIII/VWF). Monitoring of HPD-FVIII/VWF therapy is achieved through following blood levels (via 

VWF antigen) and activity (via VWF ristocetin cofactor assay) of VWF, with a therapeutic target level (>100 IU/dL) being similar to normal ranges. 

			Several case reports have demonstrated the successful management of patients with VWD undergoing surgery with CPB with the use of HPD-FVIII/VWF [1,2]. What has yet to be described 
is whether these factors behave similarly to endogenous factors when subjected to the CPB circuit. This case attempts to address this lack of data in the field by quantifying VWF levels and activity during CPB.

			Description of the Case
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			A 16-year-old female with history of VWD type 2M and rheumatic fever presented for surgical repair of mitral valve insuffi
ciency. Preoperative evaluation yielded a history of menorrhagia 
and anemia, with blood work revealing decreased VWF activity (Table 1; Baseline, Pre-infusion) -- all signifying symptomatic VWD. Pediatric hematology was consulted and suggested HPD-FVIII/VWF (60 IU/kg) be given one hour prior to the operation, with an additional dose planned postoperatively. We sent blood samples for VWF levels and activity on a predetermined schedule which can be seen in the Figure 1 & 2. As is recommended, VWF activity, FVIII levels, and VWF antigen levels greater than 100 IU/dL were achieved prior to surgery (Table 1; After Infusion #1). 

			Table 1: Von Willebrand Assays. Levels of all factors rose after infusion of exogenous human plasma-derived factor VIII/von Willebrand factor complex concentrates. Due to the dilution involved in the cardiopulmonary bypass circuit, levels drop during bypass. Levels rose again after bypass, and once more after an additional post-operative infusion. Legend: VWF: Ag = VWF antigen level (normally 50-200); VWF: Rco = VWF ristocetin cofactor activity level (normally 50-200); FVIII = facteor VIII coagulation assay (normally 100); CPB = cardiopulmonary bypass.
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			The patient was taken to the operating room and underwent an uneventful physio ring mitral annuloplasty under general anesthesia. Aminocaproic acid bolus and infusion were used. Heparin was used for anticoagulation prior to the start of CPB. The total bypass time was sixty minutes with a cross clamp time of forty minutes. A decline in all measures of VWF was observed during CPB (Table 1; During CPB). Post-bypass protamine was used for heparin reversal. Immediately after separation from CPB, all measured parameters returned to near pre-bypass concentrations (Table 1; Post-CPB). Hemostasis was easily obtained, not requiring transfusion of any blood products. Postoperatively she was taken to the pediatric intensive care unit. She received the planned additional dose of factor concentrate, resulting in a further increase in factor levels (Table 1; Postoperative). She had an uncomplicated hospital course, not requiring transfusion of blood products for the duration of her admission. On postoperative day five she was discharged home. 

			Discussion

			Von Willebrand Disease 

			Von Willebrand Disease is the most common hereditary blood clotting disorder. Symptoms include epistaxis, menorrhagia, bleeding during and after surgery, and easy bruising. VWD disrupts platelet function as a result of a deficiency or dysfunction of VWF. VWF is essential to the recruitment of circulating platelets during vascular injury, as it provides a means of adherence to the vessel endothelium as well as platelet-to-platelet aggregation. Additionally, VWF stabilizes coagulation FVIII from rapid degradation [3]. 

			There are three types of congenital VWD. Type 1 is caused by a missense mutation resulting in a quantitative deficit and is usually associated with mild disease. Type 2 is a group of qualitative defects where VWF is expressed in normal amounts, but missense mutations lead to defective multimer assembly. Type 2 disease is associated with mild to moderate bleeding [3]. Of particular interest to this case, type 2M causes poor binding to the platelet receptor glycoprotein Ib [4] Type 3, the most severe, is a complete absence of VWF. 

			An acquired form of von Willebrand disease also exists and is relatively rare. The pathogenesis is not well understood but involves autoantibodies to VWF, leading to clearance of VWF from circulation. Typically, acquired VWD presents in elderly patients without personal or family history of bleeding disorders and a presence of an autoimmune or hemato proliferative disorder [5]. 

			Measurement of VWF in human plasma requires both quantitative measurement as well as evaluation of VWF activity. Von Willebrand ristocetin cofactor assay (VWF: RCo) measures function of VWF; VWF: Ag is an immunoassay measuring quantity of VWF, and the FVIII coagulant assay reflects the ability of VWF to bind FVIII in plasma. All are measured in IU/dL with a value of 50-200 being normal [6]. These assays can be used to monitor therapy; however, levels have never before been reported during CPB. These assays can be used to monitor therapy, as was done in our case.

			VWD Treatment

			There are three therapeutic strategies employed to prevent or control bleeding in VWD, which are to induce greater release of VWF, to administer replacement VWF, or to otherwise augment the response to bleeding. Clinical decisions between the therapies depend on the type of disease and the severity of the bleeding encountered.

			Desmopressin is commonly used to control bleeding in VWD type 1. It induces release of VWF stored in endothelial cells, making it most effective in the setting of mild quantitative VWF defects. When desmopressin is used as prophylactic treatment for minor surgeries and in bleeding, target VWF: RCo levels of at least 30 IU/dL and preferably >50 IU/dL are recommended [6]. Desmopressin is ineffective for the treatment of qualitative defects found in patients with VWD type 2 as well as the complete absence of VWF in patients with VWD type 3 [4,7,8]. A limitation of this therapy is the diminished response to repeated doses due to depletion of stored VWF [6]. 

			FVIII/VWF-complex replacement therapy is the definitive treatment for VWD and is the focus of this case review. HPD-FVIII/VWF concentrates are processed from human plasma to inactivate viruses and prions and were developed as a safer alternative to cryoprecipitate [8]. Guidelines suggest using factor concentrate replacement therapy for significant bleeding or major surgery, or when the patient is refractory to other treatments. HPD-FVIII/VWF complex concentrates are available for intravenous administration to increase levels of VWF perioperatively [8]. It is recommended to achieve VWF: RCo levels of at least 100 IU/dL is to achieve optimal perioperative coagulation for major surgery [6]. 

			While not directly addressing VWF, various adjuvant therapies may be used perioperatively to promote hemostasis in these patients. Aminocaproic acid and tranexamic acid are IV or oral agents that stabilize clots by preventing fibrinolysis. Topical bovine thrombin, fibrin sealants, and collagen sponges are approved to treat mucocutaneous bleeding. Topical agents may be viewed as optional adjunctive therapy for VWD [6]. 

			Coagulopathy in Cardiopulmonary Bypass

			The coagulopathy that occurs during cardiopulmonary bypass is multifactorial. Hemodilution is a significant consequence of CPB that affects coagulation factor levels [9]. All CPB circuits are primed with fluid which may be composed of crystalloid solution, colloid solution, packed red blood cells, or a mixture of these components [10]. Hemodilution carries the consequences of limiting oxygen availability, changing viscosity and oncotic pressure, and diluting immunoglobulins [10]. Importantly, the effective increased volume of distribution when the patient’s blood volume is mixed with the CPB circuit priming solution decreases coagulation factor levels leading to clinically significant post-bypass bleeding [11,12]. Just as the patient’s native coagulation factors are exposed to dilution by the priming volume, one would expect the prepared factor concentrates the are supplemented prior to CPB would also undergo dilution.

			A second contributor to coagulation defects during CPB is a consumptive coagulopathy. This is initiated by the patient’s blood coming into contact with the synthetic surface of the CPB circuit. Inflammation and coagulation then ensue with a resultant consumption of coagulation factors. The degree of loss of coagulation factors is dependent upon the length of time blood is exposed to the bypass circuit. This coagulation is suppressed to the fullest extent possible with heparin, but some coagulation factors are still incidentally consumed during CPB [13]. 

			Case Findings

			As described in the details of the case, coagulation factor levels and activity decline by 25-34% from baseline during CPB. The observed descent can be explained in large part by the dilutional effects previously discussed. Across the literature, studies demonstrate losses of 30-40% in the same time period in patients with normal coagulation phenotypes [14]. Therefore, we observed a lesser degree of decline in the measured factor levels during this case than is typically encountered. This may be due to exaggerated baseline factor levels in our patient after administration of exogenous concentrate or possibly due to prolonged factor life inherent to the exogenous preparation. More likely though, in a true prospective study which is adequately powered, this difference may disappear. 

			Additionally, the total time on bypass in this case was relatively brief, therefore consumption of factors including those which were administered to the patient for the treatment of her VWD was probably negligible. Coagulation factor activity and levels could vary depending on the time on bypass, but the extent of variation is unknown to us after studying only one case. 

			Conclusion

			This case presents an important addition to the current literature in confirming that factor concentrations and activity levels in this patient were affected by CPB in a way that is similar to patients without VWD. We describe the successful management of a patient with VWD for cardiac surgery. Moreover, by quantifying factor activity and factor levels we provide direct evidence of the pharmacokinetic properties of administered human plasma-derived factor VIII/VWF complex concentrates during CPB, which has never been previously reported.

			This manuscript adheres to the CARE Case Report Guidelines.
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Figure 2: Serum levels of von Willebrand Factor antigen
(VWF:Ag), Factor VIl coagulation assay, and von Willebrand
ristocetin cofactor activity levels, as measured at various
timepoints in the perioperative period. Timepoint O represents
baseline levels measured on previous day.
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Figure 1: Timeline of recombinant von Willebrand factor (VWF) and Factor VIl (FVIII) infusions in respect to perioperative course and
serum assays. Time (t) is in hour (h) and minute format. Pre-infusion assay was taken on day before operation






