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Question 9

Answer (A)

The abridged answer to this question  is as follows:

A) Factor VIIa :Yes (but needs to be recombinant) Good studies to show it works

B) Recombinant Factor VIII: no, the inhibitor is active against it to

C) Cryoprecipitate/FFP : no, as too low concentrations (VIIa and VIII), and exposure to blood products

Detailed answer: 

Firstly some general knowledge on the coagulation cascade
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The fibrinolytic pathway Flasminogen, the precursor molecule to
plasrmin, binds fibrin and one of the two plasminogen activators. This
ternary complex eads to canversion of the proenzyme plasminogen to
active, proteolytic plasmin. Flasmin cleaves the polymerized fibrin
strand at multiple sites and releases fibrin degradation products
(FOPS). One of the major FOPS is D-dimer, which consists of two D
domains from adjacent fibrin monomers that have been crosslinked by
activated factor XI11. Plasmin has broad substrate specificity and,

in addition to fibrin, cleaves fibrinogen and a variety of plasma
proteins and clotting factors. Diagram supplied by Gregory YH Lip, MD.




Factor VIII Deficiency-Hemophilia A

Pathogenesis and Clinical Manifestations

The antihemophilic factor (AHF), or factor VIII coagulant protein, is a large (265-kDa), single-chain protein that regulates the activation of factor X by proteases generated in the intrinsic coagulation pathway (Figs.  62-5 and 62-6). It is synthesized in liver and circulates complexed to the von Willebrand factor (vWF) protein. Factor VIII molecule is present in low concentration (10 g/L) and is susceptible to proteolysis. The gene for factor VIII is on the X chromosome, and carrier detection and prenatal diagnosis are well established.

One in 10,000 males is born with deficiency or dysfunction of the factor VIII molecule. The resulting disorder, hemophilia A, is characterized by bleeding into soft tissues, muscles, and weight-bearing joints. Symptomatic patients usually have factor VIII levels <5%, with a close correlation between the clinical severity of hemophilia and plasma AHF level. Patients with <1% factor VIII activity have severe disease; they bleed frequently even without discernible trauma. Patients with levels of 1 to 5% have moderate disease with less frequent bleeding episodes. Those with levels >5% have mild disease with infrequent bleeding that is usually secondary to trauma. Occasional patients with factor VIII levels as high as 25% are discovered when they bleed after major trauma or surgery. The majority of patients with hemophilia A have factor VIII levels below <5%.

Hemophilic bleeding occurs hours or days after injury, can involve any organ, and, if untreated, may continue for days or weeks. This can result in large collections of partially clotted blood putting pressure on adjacent normal tissues and can cause necrosis of muscle (compartment syndromes), venous congestion (pseudophlebitis), or ischemic damage to nerves. Patients with hemophilia often develop femoral neuropathy due to pressure from an unsuspected retroperitoneal hematoma. They can also develop large calcified masses of blood and inflammatory tissue that are mistaken for cancers (pseudotumor syndrome).

Patients with severe hemophilia are usually diagnosed shortly after birth because of an extensive cephalhematoma or profuse bleeding at circumcision. However, young children with moderate disease may not bleed until they begin to walk or crawl, and individuals with mild hemophilia may not be diagnosed until they are adolescents or young adults. Typically, a hemophilia patient presents with pain followed by swelling in a weight-bearing joint, such as the hip, knee, or ankle. The presence of blood in the joint (hemarthrosis) causes synovial inflammation, and repetitive bleeding erodes articular cartilage and causes osteoarthritis, articular fibrosis, joint ankylosis, and eventually muscle atrophy. Bleeding may occur into any joint, but after a joint has been damaged, it may become a site for subsequent bleeding episodes.

Hematuria, without any genitourinary pathology, is also common. It is usually self-limited and may not require specific therapy. The most feared complications of hemophilia are oropharyngeal and central nervous system bleeding. Patients with oropharyngeal bleeding may require emergency intubation to maintain an adequate airway. Central nervous system bleeding can occur without antecedent trauma or without evidence of a specific lesion.

Patients suspected of having hemophilia should have a platelet count, bleeding time, PT, and PTT. Typically, the patient will have a prolonged PTT with all other tests normal. Because of the clinical similarity of factor VIII deficiency and factor IX deficiency, any male with an appropriate bleeding history and a prolonged PTT should have specific assays for factor VIII and factor IX.

Treatment

Tenets regarding the treatment of bleeding in hemophilia patients include the following: (1) Symptoms often precede objective evidence of bleeding. (2) Signs of bleeding may not appear until several days after well-documented trauma. The patients can generally be relied upon to identify early symptoms, usually pain. Early treatment is more effective, less costly, and can be lifesaving. (3) Avoid the use of aspirin or aspirin-containing drugs, which impair platelet function and may cause severe hemorrhage. COX-2 inhibitors can be used, as they do not impair platelet function.

Plasma products enriched in factor VIII have revolutionized the care of hemophilia patients, reduced the degree of orthopedic deformity, and permitted virtually any form of elective and emergency surgery. The widespread use of factor VIII concentrates has also produced serious complications, including viral hepatitis, chronic liver disease, and AIDS. Cryoprecipitate, which contains about half the factor VIII activity of fresh-frozen plasma in one-tenth the original volume, is simple to prepare and is produced in hospital or regional blood banks.

Three developments have increased the safety of factor VIII therapy and have changed medical practice. First, heating of lyophilized factor VIII concentrates under carefully controlled conditions can inactivate HIV without destroying factor VIII activity. Second, highly purified factor VIII can be produced by adsorbing and eluting factor VIII from monoclonal antibody columns. Third, recombinant factor VIII is now available. Patients with hemophilia should receive either monoclonal purified or recombinant factor VIII to minimize viral infections and exposure to irrelevant proteins.

Each unit of factor VIII infused, defined as the amount present in 1 mL normal plasma, will raise the plasma level of the recipient by 2%/kg of body weight. Factor VIII has a half-life of 8 to 12 h, making it necessary to infuse it continuously or at least twice daily to sustain a chosen factor VIII level. In patients with mild hemophilia, an alternative treatment is desmopressin (DDAVP), which transiently increases the factor VIII level. DDAVP will increase the factor level two- to threefold. Although generally safe, it occasionally causes hyponatremia or may precipitate thrombosis in elderly patients.

An uncomplicated episode of soft tissue bleeding or an early hemarthrosis can be treated with one infusion of sufficient factor VIII concentrate to raise the factor VIII level to 15 or 20%. A more extensive hemarthrosis or retroperitoneal bleeding requires twice-daily or continuous infusions in order to keep the factor VIII level at 25 to 50% for at least 72 h. Life-threatening bleeding into the central nervous system or major surgery may require therapy for 2 weeks with levels kept at a minimum of 50% normal. Patients also need skilled orthopedic care, with immobilization of inflamed joints to promote healing and to prevent contractures, and physical therapy to strengthen muscles and maintain joint mobility.

Before surgery, every hemophilia patient should be screened for the presence of an inhibitor to factor VIII. Patients with hemophilia who do not have an inhibitor should receive factor VIII infusions just before surgery and will require daily monitoring so that the factor VIII level is maintained >50% for 10 to 14 days after surgery. When patients undergo joint replacement or other major orthopedic surgery, therapy should be continued for 3 weeks to permit wound healing and the institution of physical therapy.

Hemophilia patients also require treatment before dental procedures. Filling of a carious tooth can be managed by a single infusion of factor VIII concentrate coupled with the administration of 4 to 6 g of -aminocaproic acid (EACA) four times daily for 3 to 4 days after the dental procedure. EACA is a potent antifibrinolytic agent that inhibits plasminogen activators present in oral secretions and stabilizes clot formation in oral tissue. Alternatives include tranexamic acid, a longer-acting antifibrinolytic. EACA is also effective when used as a mouthwash. For major oral and periodontal surgery and extractions of permanent teeth, patients should probably be hospitalized briefly and also treated with factor VIII concentrates. Therapy should begin just before surgery and continue for at least 2 to 3 days.

Many centers have organized home-care programs so that patients can administer their own factor VIII infusions with the onset of symptoms. Occasional patients with very frequent bleeding receive regularly scheduled infusions. Despite the expense and inconvenience of "prophylactic" infusions, their use in early childhood has reduced or eliminated hemarthroses. Concern about transmission of AIDS has made some patients reluctant to treat themselves, despite the fact that current blood products carry a very low or no risk of transmitting HIV.

The prospects for correcting factor VIII deficiency by gene therapy are promising; some success has been achieved in dogs. Clinical studies in humans are underway.

Complications

Most hemophilia patients have had multiple episodes of hepatitis, and a majority have elevated hepatocellular enzyme levels and abnormalities on liver biopsy. Ten to 20% of patients also have hepatosplenomegaly, and a small number develop chronic active or persistent hepatitis or cirrhosis. A few patients with hemophilia and end-stage liver disease have received liver transplants with cure of both diseases. Along with homosexuals and intravenous drug abusers, hemophilia patients are at high risk for AIDS because they frequently receive blood products; they can also present with the full range of AIDS-related syndromes, including diffuse lymphadenopathy and immune thrombocytopenia. Although up to 50% of multiply transfused hemophiliacs are HIV-positive and many have clinical AIDS, the advances in factor VIII concentrate production should prevent future HIV infection.

Despite frequent bleeding, severe iron-deficiency anemia is uncommon because most of the bleeding is internal and iron is effectively recycled. Mild iron deficiency from chronic epistaxis or gastrointestinal bleeding occurs in some patients. In addition, some patients have developed a mild Coombs-positive hemolytic anemia due to small amounts of anti-A and anti-B antibody that are present in intermediate purity factor VIII concentrates.

Following multiple transfusions, 10 to 20% of patients with severe hemophilia develop inhibitors to factor VIII. Inhibitors are usually IgG antibodies that rapidly neutralize factor VIII activity. Two types of inhibitors are found with different biologic characteristics and different clinical presentations. Patients with type I inhibitors have a typical anamnestic response and raise their antibody titer following exposure to factor VIII. Patients with a type II inhibitor have a low antibody titer that is not stimulated by factor VIII infusion. Patients with the type I inhibitor should not receive factor VIII. Control of bleeding may require the infusion of either porcine factor VIII concentrates, which may not be affected by inhibitors, or prothrombin complex concentrates, which contain trace quantities of activated coagulation factors and can bypass the block in coagulation produced by the inhibitor. Patients with low-titer type II antibodies may respond to higher doses of factor VIII.
High purity factor VIII concentrates — Although high purity factor VIII concentrates can be used in patients with low inhibitor levels (<10 Bethesda units), their main use is in the treatment of life-threatening hemorrhage or emergency surgery in patients with low inhibitor levels or moderate inhibitor levels that have been reduced by plasmapheresis or immunoadsorption (show table 2) [3,42]. In these settings, physiologic factor VIII levels can be attained before the anamnestic response occurs.

  Porcine factor VIII concentrates — Porcine factor VIII is used primarily to treat patients who are high responders with high human factor VIII inhibitor titers and porcine factor VIII titers less than 10 Bethesda units who have life threatening episodes [43-45]. In approximately 75 to 80 percent of patients, the inhibitor crossreacts with shared epitopes on the porcine molecule; the median crossreactivity is approximately 15 percent [44]. Thus, before this product can be given, it is necessary to quantitate the patient's specific titer against porcine factor VIII using the Bethesda assay. The dose of porcine factor VIII is determined by the weight of the patient and the titer of the antiporcine antibodies; monitoring of factor VIII levels is essential (show table 1). As with most therapies for hemophilia A patients with inhibitors, porcine factor VIII is expensive.

The administration of porcine factor VIII can be associated with hypersensitivity reactions in 1 to 2 percent of patients, mostly in those treated with higher doses [44]. An anamnestic elevation in antiporcine factor VIII antibodies is common (marked in 30 percent and intermediate in 40 percent); it typically develops around the seventh to tenth day of use [44].
  Prothrombin complex concentrates and activated prothrombin complex concentrates — Manufacturers of the prothrombin complex concentrates (PCCs) increased the concentration of active proteases, resulting in production of activated prothrombin complex concentrates (APCCs); the latter preparations include FEIBA® and Autoplex® [46-48]. In one review of 433 bleeding episodes in 60 patients with inhibitors who were treated with FEIBA, the outcome was judged to be good or excellent in 81 percent, poor in 17 percent, and nonexistent in 2 percent [46].

Since the activated proteases that account for the procoagulant activity of APCCs are short-lived, initial hemostasis may be followed by breakthrough bleeding between doses that may create difficulty for maintenance of hemostasis. In addition, both PCCs and APCCs are associated with a risk of thrombosis, including myocardial infarction, which is most likely to occur when large doses are given [41,49]. Other risk factors include crush injuries, surgery, and liver function abnormalities, leading to a decreased ability to clear activated products.

Another problem is that there is no in vitro assay for the PCCs or APCCs that can be used to correlate with in vivo hemostatic efficacy, and it is not possible to predict the hemostatic efficacy of these products. The net effect is that the therapeutic efficacy for specific hemorrhagic episodes and for specific products in any individual can vary. As a result, an individualized therapeutic plan needs to be established and is best designed by a hematologist experienced in the care of these complicated patients. Certain general guidelines may be utilized for initial treatment and stabilization of these patients:

· Effective dosing of APCCs is within the range of 75 to 100 IU/kg 

· Dosing frequency should be every 12 hours for up to three doses since more frequent infusion may increase thrombotic risk

In summary, therapy with PCCs or APCCs is expensive, provides unpredictable hemostasis without the ability to monitor clinical efficacy with a laboratory test, and carries the risk of significant complications [41]. Experience and expertise in their use help to mitigate these risks and to differentiate the appropriate use of APCCs from other therapeutic alternatives for patients with inhibitors.

  Recombinant human factor VIIa — Recombinant human factor VIIa (Novo-Seven®, rFVIIA) produces an excellent or effective response in over 90 percent of patients. Because factor VIIa requires tissue factor to be active, it promotes coagulation only at the local level and should minimize the risk of systemic coagulation seen with PCCs and APCCs [49,50]. The usual dose is 90 µg/kg at two to three hour intervals until hemostasis is achieved, with further dosing and lengthening of the interval based upon the patient's clinical circumstances. In one study of home treatment of mild to moderately severe joint, muscle, and mucocutaneous bleeding episodes, a mean of 2.2 doses was required to control bleeding [51].
A starting dose of 90 µg/kg is used in patients undergoing surgery [52]. In a prospective randomized trial, the 90 µg/kg dose, which was found to be superior to a dose of 35 µg/kg, achieved a mean peak factor VII:c level of 30.5 ± 12.0 [sd] IU/mL. The use of a bolus dose of rFVIIa followed by continuous infusion has been described in two studies:

· In 28 patients with factor VIII inhibitors, a starting dose of 90 to 150 µg/kg (median dose: 100 µg/kg) was given by bolus infusion for 10 spontaneous bleeding episodes, 11 major surgical procedures, and 14 minor procedures [55]. This was followed by a dose of 16, 17, or 20 µg/kg per hour by continuous infusion for spontaneous hemorrhages, minor, and major surgery, respectively. Satisfactory hemostasis was achieved in 30 of the 35 courses (86 percent). Median plasma factor VII:c levels were 25 IU/mL for patients undergoing major surgery and 12 IU/mL in the other two groups. In this study, plasma factor VII:c levels did not predict the likelihood of treatment failure.

· rFVIIa was given in a bolus dose of 90 µg/kg immediately prior to elective major orthopedic surgery in nine patients with inhibitors to factor VIII [56]. This was followed by rFVIIa by continuous infusion at a dose of 50 µg/kg per hour for a median of 20 days (range: 7 to 20 days), set to achieve a target factor VII:c level of >30 IU/mL. There were post-operative bleeding episodes in six patients, which could be controlled with a single bolus dose of 60 µg/kg; there was a good clinical outcome for all patients.

No severe thrombotic adverse events were noted in either study. It has been suggested, based on these results, that targeting factor VII:c levels to 30 to 40 IU/mL in the immediate post-operative period is likely to provide a margin of safety sufficient for most clinical situations, whereas steady-state levels of 10 IU/mL are likely to be inadequate [50,56-58].

  Immune tolerance induction — Long-term management of hemophilic patients with factor VIII inhibitors is aimed at eliminating the inhibitors [59]. The primary method used is the attempt at immune tolerance induction (ITI) via the administration of repetitive doses of factor VIII with or without immunosuppressive therapy [3]. Many responders have an initial rise in antibody titers caused by the anamnestic response, followed by a progressive reduction to a low or undetectable titer [3,60]. Immune tolerance usually must be maintained by continued exposure to factor VIII [3].
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Multiple myeloma is a malignant plasma cell dyscrasia (mature B-cell lymphoid neoplasm), characterized by the accumulation of malignant plasma cells in the bone marrow compartment. These terminally differentiated B-lymphocytes produce a single immunoglobulin (Ig) known as a monoclonal protein. (See "Recognition of monoclonal proteins"). Although monoclonal proteins are the laboratory hallmark of multiple myeloma, they are also seen in other disorders such as monoclonal gammopathy of undetermined significance and Waldenstrom's macroglobulinemia.
The predominant cell type in the bone marrow of patients with multiple myeloma has the characteristics of a plasma cell. Multiple myeloma typically presents in the bone marrow with sheets of abnormal plasma cells, which may vary from immature plasmablasts and proplasmacytes to more mature plasma cells with an eccentrically-placed nucleus and a spokewheel pattern of their nuclear chromatin. Occasionally there are "flame" cells, myeloma cells containing a pink "flame like" cytoplasm, usually associated with the production of a myeloma protein of the IgA class. However, multiple myeloma may present with spotty areas of marrow involvement, such that aspirate smears from one marrow site may be normal, while others taken from the same or distant sites may be infiltrated with malignant cells.

Anemia occurs in about 80% of myeloma patients. It is usually normocytic and normochromic and related both to the replacement of normal marrow by expanding tumor cells and to the inhibition of hematopoiesis by factors made by the tumor. In addition, mild hemolysis may contribute to the anemia. A larger than expected fraction of patients may have megaloblastic anemia due to either folate or vitamin B12 deficiency. Granulocytopenia and thrombocytopenia are very rare. Clotting abnormalities may be seen due to the failure of antibody-coated platelets to function properly or to the interaction of the M component with clotting factors I, II, V, VII, or VIII.
Diagnosis and Staging

The classic triad of myeloma is marrow plasmacytosis (>10%), lytic bone lesions, and a serum and/or urine M component. The diagnosis may be made in the absence of bone lesions if the plasmacytosis is associated with a progressive increase in the M component over time or if extramedullary mass lesions develop. There are two important variants of myeloma, solitary bone plasmacytoma and extramedullary plasmacytoma.

	
	


	[image: image2.png]MULTIPLE MYELOMA Bone marrow aspirate smears from two different patients
with multiple myeloma, i11ustrating a preponderance of mostly mature-appearing
plasrma cells with eccentrically-placed nuclei and prominent Golgi zones (arrow)
(wright Giemsa stain). From Brunning, RD, McKenna, RW. Tumors of the bone
marrow. Atlas of tumor pathology (electronic fascicle), Third series, fascicle 9,
1994, Washington, DC. Armed Forces Institute of Patholagy.
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Clump of tumor cells in the bone marrow Bone marrow
aspirate from a patient with carcinoma metastatic to the bone
marrow, illustrating the presence of a large clump of tumor cells
(arrow), surrounded by normal marrow elements. Note that the
cellular outlines within the clump of tumor cells are indistinct
This is not a characteristic of any group of cells normally seen in
the bone marrow. Courtesy of David S Rosenthal, MD and Anina )
Mitus, MD.
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