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ADAPTING TO NEWER HEMOSTATIC AGENTS FOR MAJOR SURGERY IN HEMOPHILIA A: AN EXPERIENCE IN NEUROSURGERY FOR AN INFANT.
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ABSTRACT 

Background
[bookmark: _Hlk199844099][bookmark: _Hlk199844175]Perioperative hemostasis for major surgery in Hemophilia A has been cumbersome with clotting factor concentrate (CFC) administration based on half life and factor activity to minimize fluctuation. Availability of newer agents like FVIII mimetic Emicizumab with steady state levels in blood and long half life as an adjunct has helped to reduce fluctuations of hemostasis.

[bookmark: _GoBack]Case report
A 11-month-old male with Moderate Hemophilia A, a previously untreated patient with sagittal craniosynostosis was started on Emicizumab prophylaxis. Elective anterior 2/3rd calvarial remodeling surgery was undertaken while continuing Emicizumab prophylaxis with additional FVIII clotting factor concentrate.Chromogenic assays were used to confirm factor activity levels for hemostasis. The patient underwent surgery without perioperative bleeding complications, with FVIII support continued for eight days postoperatively. Emicizumab prophylaxis was continued subsequently, with ongoing monitoring to ensure optimal surgical wound healing.

Conclusion 
[bookmark: _Hlk199844119]This case highlights the complexity of managing moderate hemophilia A in a pediatric patient requiring major surgery while using Emicizumab, which, along with FVIII CFC, ensured adequate hemostasis and reduced hospitalization by allowing Factor VIII infusion to stop after Day 8. Limited data exist on Emicizumab use in congenital hemophilia A patients undergoing neurosurgery, emphasizing the importance of careful preoperative planning, including arranging factor products and laboratory reagents. Unlike traditional prophylaxis with CFCs, which requires frequent monitoring and venous access, Emicizumab offers advantages of subcutaneous administration, reduced hospital visits, and effective hemostasis with a lower risk of spontaneous or recurrent bleeding.
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1. INTRODUCTION 

Congenital haemophilia A (HA), an X-linked hereditary bleeding condition is characterized by lack of coagulation Factor VIII(FVIII), necessary for optimum blood coagulation. The incidence being 1 in 1333 male births and prevalence of 1in 5000 males; based on FVIII activity levels, haemophilia is categorized as mild (5–40%), moderate (1–5%), and severe (<1%). In individuals who have severe haemophilia, unprovoked bleeding into muscles and joints as well as potentially fatal hemorrhages into the central nervous system, lead to significant long-term complications and sometimes mortality. Clotting factor concentrate (CFC) replacement therapy is part of haemostasis management in patients with haemophilia. The two potential treatment options are Episodic (or "on demand") clotting factor replacement therapy and Regular replacement therapy (prophylaxis). Regular replacement therapy aims to maintain adequate factor levels to decrease bleeding intensity and frequency, especially in persons with severe haemophilia.The primary aim of on-demand therapy is to stop the bleeding as soon as it starts, rather than preventing the underlying condition or prevent future bleed.Since the CFC is administered after the bleed has  occurred , the morbidity of the bleed remains, where-as prophylaxis aims to prevent potentially fatal haemorrhages as well as joint and muscle bleeds(1,2).
Perioperative hemostasis in persons with Hemophilia (PwH) without inhibitors (allo-antibodies against CFC) has been with CFC, targeting near 100% activity especially during the initial perioperative period. Concomitant treatment with emicizumab and CFC peri-operatively provides an alternate therapy approach in PwHA. (1,3,4,5)

Emicizumab, a bispecific monoclonal antibody that mimics FVIII function works by binding to both factor X and activated coagulation factor IX (Factor IXa) simultaneously, activates factor X for the purpose to restart the coagulation cascade.The subcutaneous mode of administration , long half life (27.8 to 34.4 days)and less stringent storage conditions has made Emicizumab the preferred agent for prophylaxis in PwHA. A standard recommended dosing strategy for emicizumab involves a loading dose of 3 mg/kg once weekly for four weeks, and subsequent doses are 1.5 mg/kg weekly, 3 mg/kg every two weeks, or 6 mg/kg every four weeks depending on the individual needs (6,7). Use of emicizumab as prophylaxis has shown lower rates of bleeding than experienced by PwH who were receiving CFC as prophylaxis (7). The hemostasis achieved with the recommended doses has been found comparable to that with 10-40% FVIII levels (8). The steady state concentration of Emicizumab helps to reduce the CFC requirement making it a less cumbersome adjunct for perioperative hemostasis in PwHA, by limiting the number of IV infusions of CFC to the initial perioperative period and thus shortening the hospital stay. 


2. PRESENTATION OF CASE

An 11-month-old male, born to non-consanguineous parents, presented with sagittal craniosynostosis since birth, diagnosed at 7 months of age. The baby experienced ecchymotic patches on his knees and chest at 5 months, associated with minor trauma, while learning to turn over and crawl. Laboratory results revealed an extended activated partial thromboplastin time (APTT), VWF antigen at 91%, VWF ristocetin cofactor activity at 79.9%, FVIII activity at 1.2% (clot-based assay), and factor IX activity at 50%. Based on these findings, a diagnosis of moderate hemophilia A was made. The family was counselled on the medical condition, its course, and available therapeutic options. Since an early surgery was essential to gain cognitive and aesthetic benefit (9,10), it was planned to take up the baby for surgery under CFC cover along with long term Emicizumab prophylaxis. 
Management:
The patient was started on loading dose of Emicizumab, administered at 3 mg/kg weekly for a month (24 mg for the 8 kg child), followed by a maintenance dose of 3 mg/kg every two weeks. While on Emicizumab, the baby developed diet-induced constipation and two episodes of acute rectal bleeding and received three doses of antihemophilic FVIII (Koate DVI 250 IU) for breakthrough bleed. Since baby had three exposure days to CFC prior to surgery, Chromogenic Nijmegen Bethesda assays were performed, and absence of inhibitors confirmed.
Surgical Preparation:
The patient was scheduled to undergo anterior 2/3rd calvarial remodeling surgery. Given the patient’s treatment with Emicizumab, it was anticipated that hemostasis equivalent to FVIII 10-40% levels would be present as baseline. For optimal perioperative hemostasis, 36 vials of FVIII (Hemofil M 250 IU each- the smallest strength available) (Body weight 8kg); total stock of 1000IU/kg were arranged. These vials were carefully checked for expiration dates and stored at 2-8ºC with temperature log maintained. Preoperative preparation also included alerting the coagulation lab to arrange the necessary laboratory agents for the FVIII chromogenic assay, the tests being anticipated to be done around 5 times in the perioperative period based on the institutions prior experience in major surgeries in PwH (11).
Surgical Management:
For adequate preoperative hemostasis,50units/kg rounded to 500units of FVIII was administered. Chromogenic FVIII assays provided an 86% recovery. Additional 250 units FVIII was administered before taking up for surgery. After clearance from anesthesia, the patient underwent the anterior calvarial remodeling surgery. Postoperatively, a CT scan of the brain conducted six hours after surgery confirmed no new bleeding.Post operative day 1 trough level of FVIII by chromogenic assay was 66%.Baby was continued on FVIII 25units/kg rounded to 250 units IV 12 hourly for 8 days. Post-infusion FVIII levels checked randomly on day 5 were recorded at 80%. FVIII infusion was stopped after day 8.  The baby was then continued on the maintenance dose of Emicizumab (3 mg/kg every two weeks).
Outcome:
The patient experienced no bleeding complications perioperatively. The use of Emicizumab, along with appropriate FVIII replacement, facilitated successful surgical intervention and minimized bleeding risks. The patient was regularly monitored, and treatment was adjusted as needed to optimize FVIII levels.
3. discussion

We report this case to highlight the complexity of managing moderate hemophilia A in a pediatric patient requiring major surgery while utilising Emicizumab. The use of Emicizumab concomitantly with FVIII CFC, played a crucial role in ensuring adequate hemostasis during the perioperative period while reducing the number of days of hospitalisation as the Factor VIII infusion could be stopped after Day 8. Limited data exist regarding the use of emicizumab in patients with congenital hemophilia A requiring neurosurgery. Careful planning, including the preoperative arrangement of factor products and laboratory reagents, was essential for smooth performance of the procedure.
Traditional long term treatment options for hemophilia A primarily involve Prophylaxis with (CFCs). However, the short half-life of CFCs (8–12 hours), need for frequent monitoring of trough and peak levels, challenges in venous access makes compliance to CFC prophylaxis cumbersome. Emicizumab, administered subcutaneously with a weekly loading dose followed by monthly maintenance, has demonstrated advantages, including reduced hospital visits, high bioavailability (hemostasis equivalent to 10-40% factor level), and a decreased risk of spontaneous or recurrent bleeding, barring other risk factors (1,4,5,8). 
The impact of emicizumab on surgical management has been highlighted in previous studies. A study by Belletrutti et al. demonstrated that 46.6% of children undergoing 103 minor procedures while receiving emicizumab did not require preoperative factor supplementation. Postoperative bleeding rates were comparable between those who received additional CFC and those who did not, suggesting a reduced necessity for bypassing agents in patients on emicizumab prophylaxis, thereby reducing the cost incurred (4). 
Further evidence from the HAVEN 7 trial supports the use of emicizumab in neonates with severe hemophilia A without FVIII inhibitors. The study concluded that emicizumab is a well-tolerated and effective early prophylactic agent, significantly reducing the risk of life-threatening bleeding events, including intracranial hemorrhages. Most adverse effects were mild, and the incidence of treated bleeds was low. Despite reductions in FIX and FX activity, emicizumab demonstrated efficacy, and its higher concentrations in neonates were well tolerated. Notably, no cases of anti-drug antibodies or significant FVIII inhibitor development were reported, positioning emicizumab as a promising early therapeutic option (4,5).
The reagents for chromogenic Factor VIII assay were specially procured for perioperative hemostasis monitoring for this baby. The cost incurred for Factor VIII assay by chromogenic method one time was approximately 3-4 times of Factor VIII assay by aPTT based clotting assay method. The inhibitor testing by chromogenic method incurred approximately twice the cost for Nigmegen modification of Bethesda test for Factor VIII inhibitors. 
This case contributes to the growing body of evidence supporting the perioperative use of emicizumab in hemophilia A patients undergoing major surgeries, including neurosurgical procedures. Further research and real-world data are needed to establish standardized guidelines for surgical management in this patient population.



[bookmark: _Hlk199844934]4. Conclusion
In conclusion, this case highlights the potential of Emicizumab combined with targeted FVIII supplementation as an effective alternative to traditional prophylaxis in the perioperative management of hemophilia A, supporting the need for further research to develop standardized surgical protocols.
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