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************************************************************************
FORMULARY RESTRICTIONS:
· Formulary agent

· Restricted to Cardiothoracic Surgery Staff Physicians/Fellows and Cardiothoracic Anesthesia Staff Physicians/Residents

· Restricted to drug use criteria

APPROPRIATE INDICATIONS:
1. Prophylactic use to reduce perioperative blood loss and the need for blood transfusions in patients undergoing cardiopulmonary bypass, where the risk of bleeding is especially high:

a.   Repeat sternotomy operations

· Coronary artery bypass grafting (CABG)

· Valvular replacement

b.   1st time CABG with coagulopathy

c.   Thoracic aortic repair

d.   Valvular replacement in patients with active endocarditis

e.   Patients in whom transfusion is unacceptable (eg, Jehovah’s Witnesses) 

INAPPROPRIATE INDICATIONS:

1. Routine use in patients undergoing cardiopulmonary bypass where the risk of bleeding is NOT high (see criteria above)

2. Use in surgeries not listed above (eg, solid organ transplantation, major orthopedic surgeries)

3. Repeat use within 6 months of prior exposure to aprotinin (5% risk of anaphylaxis) 

4. Contraindicated in patients known to be hypersensitive to aprotinin

************************************************************************
DRUG THERAPY SELECTION: 
Efficacy:

1. Aprotinin is a non-specific proteinase inhibitor. Its exact mechanism of action has not been elucidated.

2. In patients undergoing CABG surgery, aprotinin was shown to significantly reduce blood loss and the need for donor blood, platelets, and plasma compared to placebo. In one study, the average hospital bill was 9% lower in the aprotinin group than in the placebo group.

3. An active area of research is the prophylactic use of aprotinin in patients undergoing major orthopedic surgeries associated with high risk of blood loss (eg, spinal fusion to correct deformities, total hip or knee arthroplasty [initial or revision]). Further research will be required, as the results to date are inconclusive.  

Safety:

1. In a pooled analysis of the 3 US placebo-controlled studies, there was a trend of increased incidence of myocardial infarction in patients given aprotinin. A trend of increased incidence of saphenous vein graft closure in patients who received aprotinin was also observed. Neither of these trends reached statistical significance, and no increase in mortality was seen.

2. Post operative renal dysfunction: incidence of serum creatinine elevations >0.5 mg/dL above the baseline was 9% in the aprotinin-treated patients compared to 8% in the placebo group (NS). Patients with baseline elevations of serum creatinine were not at increased risk of developing postoperative renal dysfunction with aprotinin treatment.

3. Anaphylactic reactions have been reported in less than 1% of cases, but the incidence may increase to up to 5% with repeated administration. The risk of reaction upon re-exposure appears to decrease over time (eg, 5% if given again within 6 months of the first exposure versus 0.9% if given >6 months later, according to one retrospective study). In over 140,000 patients receiving aprotinin for the 1st time, 15 patients experienced anaphylaxis, 3 with a fatal outcome. In over 7000 patients receiving aprotinin for a 2nd time, 15 patients experienced anaphylaxis, 5 with a fatal outcome.

Cost:

· 1 Million KIU (100 mL) vial is $117.80; 2 Million KIU (200 mL) vial is $234.31

· Average patient with a 90-minute bypass time will use about 6 million KIU, costing $702.93.

DOSING:
· Doses of aprotinin are measured in kallikrein inhibitor units (KIU).

· All IV doses should be administered through a separate central line; no other drugs should be given in the same line.

· A 1mL test dose should be given IV at least 10 minutes before the loading dose.

· The loading dose of 2 million KIU should be given IV over 30 minutes after induction of anesthesia but prior to sternotomy. In patients with prior exposure to aprotinin, the loading dose should be administered just before cannulation. The loading dose should be given over 30 minutes to reduce the risk of hypotension.

· A constant IV infusion of 0.5 million KIU/hr (50 mL/hr) is then started and continued until the surgery is complete. A 2 million KIU dose (ie, the “pump prime” dose) is also added to the recirculating priming fluid in the cardiopulmonary bypass circuit before the beginning of cardiopulmonary bypass.

· An alternative regimen consisting of a 1 mL test dose, a 1 million KIU pump prime dose, a 1 million KIU loading dose, and a 0.25 million KIU/hr (25 mL/hr) continuous infusion was shown to have equivalent safety and efficacy in patients undergoing repeat CABG surgery, as well as in patients undergoing CABG surgery for the first time. According to a recent retrospective analysis in cardiac surgery patients at high risk for stroke, however, full-dose aprotinin was associated with a lower incidence of post-operative stroke than low-dose aprotinin or placebo.

· According to the prescribing information, changes in aprotinin pharmacokinetics with age or impaired renal function are not great enough to require dosage adjustment; however, the authors of a small pharmacokinetic study recommend lowering the infusion rate to 0.25 million KIU/hr (25 mL/hr) and omitting the pump prime dose in patients with significant renal impairment. 

· There is no pharmacokinetic data from patients with pre-existing hepatic dysfunction.

· Patients with 2 or more exposures to aprotinin should receive 50 mg IV diphenhydramine approximately 15 minutes prior to the aprotinin dose.

DRUG-DRUG INTERACTIONS:
· Aprotinin inhibits the action of fibrinolytic agents.

· In a study of patients with untreated hypertension, aprotinin blocked the hypotensive action of 100mg of captopril.  

· In the presence of heparin, aprotinin prolongs the activated clotting time (ACT) measured using the celite surface activation method. The effect on ACT measured using the kaolin test is not as pronounced. Thus, in patients receiving both heparin and aprotinin during cardiopulmonary bypass, the ACT should be kept above 750 or 480 seconds as measured using the celite or kaolin method, respectively.    

RECOMMENDED MONITORING:
Clinical signs and symptoms:

Baseline

1. Creatinine

2. Blood pressure

3. ACT

During test dose

1. Signs and symptoms of hypersensitivity reactions

During course of therapy

1. Blood pressure

2. ACT

3. Signs and symptoms of hypersensitivity reactions

OUTCOME MEASURES:
Therapeutic:

1. Reduction in perioperative blood loss

2. Reduction in the need for blood transfusions (# units of PRBC)

3. Reduction in the need for platelet transfusions

Safety/Adverse Effects:

1. Blood pressure

2. Renal dysfunction (BUN/creatinine)

3. Anaphylactic reactions
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