Bivalirudin Protocol
Heparin Induced Thrombocytopenia
Objectives: To describe alternative anticoagulation for patients unable to accept either fractionanted or unfractionated heparin.

Bivalirudin Dosing Schedule

On-Pump Procedures
Angiomax to support on-pump anticoagulation for bypass contained in this protocol is a bolus dose of 1.0 mg/kg IV and an infusion of 2.5 mg/kg/hr for the duration of anticoagulation, along with separate priming and separation dosing for the cardiopulmonary bypass pump.  This should achieve a mean steady state plasma Angiomax concentration of 12.3 ± 1.7mcg/mL.

Dosing Recommendations

	
	Prior to CPB
	During CPB
	After CPB

	Patient
	1.0 mg/kg IV bolus
2.5 mg/kg/hr IV infusion
	2.5 mg/kg/hr IV infusion until 15 minutes prior to CPB discontinuation
	

	Flush Solutions
	0.1 mg/mL Angiomax
	0.1 mg/mL Angiomax
	0.1 mg/mL Angiomax

	Graft Storage
	· (blood-based) 1:12 CPD1
OR
0.1 mg/mL Angiomax in crystalloid solution
	(blood-based) 1:12 CPD1
OR
0.1 mg/mL Angiomax in crystalloid solution
	

	Cell Saver
	1:11 or 1: 12 sodium citrate/CPD
	1:11 or 1:12 sodium citrate/CPD
	

	CPB pump
	50 mg priming dose2
	
	50 mg priming dose followed by 50 mg/hr3

	Cardioplegia
	Crystalloid4
Blood5
	Crystalloid4
Blood5
	


1Sodium citrate / Citrate Phosphate Dextrose.

2Suitable for all priming volumes.

3Due to a low remaining blood volume in the circuit resulting in high concentrations of bivalirudin, it should be processed in the cell saver prior to reinfusion to the patient.

4No anticoagulant added.

5Sourced directly from CPB circuit, without reservoir.

Dosing of the Patient

Angiomax is given as a 1.0 mg/kg intravenous (IV) bolus immediately followed by a 2.5 mg/kg/hr IV infusion beginning at the time anticoagulation is requested by the surgeon and will be discontinued when it is estimated that 15 minutes remain prior to the discontinuation of CPB. The infusion dose will not be titrated for the period of anticoagulation unless medically indicated. If CPB is not terminated within 20 minutes following discontinuation of the infusion, then an additional bolus of 0.5 mg/kg of Angiomax is to be given, and the infusion at 2.5 mg/kg/hr restarted, until CPB is terminated. 

If a higher level of anticoagulation is desired, administer additional boluses of 0.1-0.5 mg/kg. These can be repeated as clinically indicated. Adjustments in plasma concentration of Angiomax are best achieved with bolus dosing. 

Bivalirudin Dosing Schedule

Off-Pump Procedures
Angiomax to support off-pump anticoagulation for CABG is given as a bolus dose of 0.75 mg/kg IV and an infusion of 1.75  mg/kg/hr for the duration of anticoagulation,.

Dosing Recommendations

	
	Prior to Graft Occlusion
	

	Patient
	0.75 mg/kg IV bolus
1.75 mg/kg/hr IV infusion
	

	Flush Solutions
	0.1 mg/mL Angiomax
	

	Graft Storage
	(blood-based) 1:12 CPD1
OR
0.1 mg/mL Angiomax in crystalloid solution
	

	Cell Saver
	1:11 or 1: 12 sodium citrate/CPD
	


1Sodium citrate / Citrate Phosphate Dextrose.

2Suitable for all priming volumes.

3Due to a low remaining blood volume in the circuit resulting in high concentrations of bivalirudin, it should be processed in the cell saver prior to reinfusion to the patient.

4No anticoagulant added.

5Sourced directly from CPB circuit, without reservoir.

If a higher level of anticoagulation is desired, administer additional boluses of 0.1-0.5 mg/kg. These can be repeated as clinically indicated. Adjustments in plasma concentration of Angiomax are best achieved with bolus dosing. 

Heparin Induced Thrombocytopenia

Heparin-induced thrombocytopenia is a potentially lethal pathologic response to heparin exposure that occurs in as many as 100,000 patients annually in the United States.1 Explosive thrombin generation in these patients leads to the high incidence of thrombosis in the setting of thrombocytopenia, and makes anticoagulation management in this patient population difficult. At least 1% of this population of patients undergoes cardiac surgery annually.2 For these minimum of 1000 patients, in whom standard heparin anticoagulation is contraindicated, there is a great medical need for a safe and effective anticoagulant. There is no approved anticoagulant for HIT/HITTS patients undergoing cardiac surgery and no controlled, multicenter studies have been conducted prior to this protocol. Furthermore, current off-label anticoagulant or platelet-activation preventing strategies are limited by unacceptably high rates of death, bleeding, and permanent injury. 

There are specific requirements for effective anticoagulant use in cardiac surgery. First, the anticoagulant must prevent overt thrombosis, including thrombosis of the extracorporeal circuit in on-pump procedures. Second, it must suppress the activation of the hemostatic system and minimize bleeding and transfusion by preserving both platelets and coagulation factors. Finally, it should not increase thrombotic complications following its discontinuation. Mechanistically, the anticoagulant must have a rapid onset and must be either capable of reliable measurement or have a sufficiently consistent dose response so as to obviate the need for regular interval monitoring. The agent furthermore should have a rapid offset of action or be capable of reversal to enable closure of the surgical field within a timely period following the completion of the bypass graft procedure. HIT occurs in two different forms. 

· Type I HIT is typically benign and characterized by a non-immune mediated transient and mild decrease in platelet count occurring 1-4 days after exposure to heparin. It is believed to be due to a direct effect of heparin on platelets resulting in reversible clumping and sequestration.

· Type II HIT is an immune-mediated process that is often life-threatening.5,6 Type II HIT is associated with more severe thrombocytopenia and platelet count is typically reduced more than 50% from baseline or pre-heparin initiation levels. Thrombocytopenia typically occurs 5-10 days after heparin therapy is initiated, but may occur earlier in patients who have been sensitized by prior heparin exposure and carry the antibody, or later than this period in some patients.10,11
Criteria for Treatment of Patients with HIT

New diagnosis or history of objectively documented HIT/HITTS Type II, defined as one or more of the following:

a)
Positive heparin-induced platelet aggregation (HIPA) or other functional assay for HIT or immunoassay for HIT antibodies (ELISA), AND/OR
b) HIT: Thrombocytopenia associated with heparin therapy, where the platelet count has decreased by 50%*, or

c) HITTS: Thrombocytopenia (as defined in B above) PLUS any evidence of arterial or venous thrombosis

Pathophysiology

Antibodies that form in HIT are directed against complexes formed between heparin and platelet factor 4 (PF-4), a positively charged protein contained within the alpha granules of the platelet and released onto the cell surface of the platelet upon exposure to small amounts of heparin. Although PF-4 is normally released in this process, and helps to neutralize heparin activity, in some patients the Fc receptor of circulating immunoglobulin further cross-links these heparin PF-4 complexes. Antibodies form against this triad complex. The antibodies, which are predominantly of the immunoglobulin G (IgG) class, bind to the heparin-PF-4-Fc(RIIa receptor complex that forms on the platelet surface. 

This results in platelet-platelet cross-linking and platelet activation. Platelet micro-particles formed during platelet activation provide a surface on which coagulation factors assemble and thrombin is generated.5,6 The immune complexes also activate the vascular endothelium causing release of tissue factor and other prothrombotic substances, ultimately resulting in the explosive generation of large quantities of thrombin.12,13 Two studies among patients with HIT suggest that 30-52% of these patients are at risk of developing thrombotic complications within 30 days of diagnosis, highlighting the prothrombotic nature of this condition.14,15
Medical Need for Safe Anticoagulation for Surgery in HIT patients

For HIT patients undergoing surgical or cardiac surgical procedures, no approved anticoagulant is available. Predominant strategies employed by clinicians to currently treat these patients involve either attempts to limit the interaction of heparin with PF-4 by using a platelet inhibitor concurrently, or use of a direct thrombin inhibitor. Platelet inhibitor use increases bleeding and has variable efficacy. In Europe, problems with bleeding with these agents when used in this context – for anticoagulation in patients with HIT/HITTS undergoing surgical procedures – has resulted in a manufacturer’s warning letter. 

Bivalirudin

Angiomax® (bivalirudin) is an anticoagulant in patients with a diagnosis of heparin-induced thrombocytopenia / heparin-induced thrombocytopenia thrombotic syndrome (HIT/HITTS) undergoing cardiac surgery on cardiopulmonary bypass support (CPB),

Angiomax( (bivalirudin) is a thrombin-specific anticoagulant that undergoes reversal in a short time frame without the addition of any pharmacologic reversal agents. Angiomax is supplied in 5 mL single-use vials as a sterile white lyophilized cake containing 250 mg of active drug. When reconstituted with 5 mL of sterile water for injection, it yields a 50 mg/mL solution. Additional information about storage and dosing calculations can be found in Appendices IA and IB and a separate pharmacist binder, which will be provided to the Investigator upon study initiation.

Angiomax does not cross-react with heparin antibodies and its efficacy in this patient population is supported by a prospective trial in HIT patients undergoing percutaneous coronary intervention (PCI).3 Angiomax provides a rapid onset of action, a predictable dose-response, and an effect that is easily measurable. The relatively short half-life of Angiomax eliminates the requirement for a pharmacologic reversal agent, and Angiomax has limited dependence on renal mechanisms for elimination, suggesting that this agent may be better suited than some alternatives in patients with renal dysfunction.

Bivalirudin is a twenty amino acid polypeptide with a molecular weight of 2180 daltons. Engineered as an analogue of hirudin, bivalirudin consists of an active site-directed moiety, which is connected by means of four glycine residues to a moiety that binds to the substrate-binding site of thrombin by means of four glycine residues. Bivalirudin binds thrombin with high affinity, but once bound, the active site-directed moiety is cleaved off, thereby allowing recovery of thrombin function. In PCI, bivalirudin has a relatively short half-life (~25 minutes) and produces rapid, dose-dependent prolongation of the ACT. Only 20% of administered drug is recovered in the urine and the elimination half-life of bivalirudin is still only 34 minutes in moderately renally-impaired patients. Bivalirudin has no structural similarity to heparin and has not been found to be immunogenic, given its small size and lack of secondary structure. 

In December 2000, the FDA approved bivalirudin under the brand name of Angiomax, as an anticoagulant in patients with unstable angina undergoing percutaneous transluminal coronary angioplasty (PTCA). Bivalirudin has been studied to date in 15,817 patients as part of clinical trials. Furthermore, it has been marketed in the United States since 2001. It is estimated that as part of the postmarketing evaluations, approximately 124,300 patients have been administered bivalirudin in the past two years. The properties of bivalirudin and clinical experience with Angiomax support the investigation of bivalirudin among patients with HIT/HITTS undergoing cardiac surgery on CPB, for whom other treatment options are currently limited.

Clinical Studies in Cardiac Surgery with Bivalirudin (Angiomax®) 

Prior to its approval in the United States in December of 2000, Angiomax had been used in 4 patients undergoing CABG. Two of the patients had active HIT. The dose used varied from 0.8 mg/kg – 11.5 mg/kg over 1 hour and a 2.5 -10 mg/kg/hr infusion. Three of the patients had a satisfactory outcome. One of the HIT patients died due to right ventricular failure (0.8 mg/kg bolus with a 2.5 mg/kg/hr infusion during surgery). 

Subsequent to its approval, Angiomax has been used off-label in at least 300 on-pump and 150 off-pump bypass surgery cases with good outcomes among patients with HIT/HITTS.31 Specifically in reported cases of HIT/HITTS patients undergoing cardiac surgery, anticoagulation with ACT monitoring ranging from 350 > 500 seconds has been observed, and blood loss has been reported as largely consistent with conventional heparin-treated non-HIT patients. 

OPCAB study

This study was designed to compare intraoperative and postoperative blood loss in non-HIT patients treated with either Angiomax or heparin undergoing elective OPCAB surgery. It was a 1:1 randomized, partially blinded (surgeon), prospective study of  100 patients. The study assessed ACT, ischemic events, graft patency on blinded angiography at 3 months, bleeding events, and stroke. Treatment arms were either Angiomax (0.75 mg/kg bolus, 1.75 mg/kg/hr infusion), or heparin (150-300U/kg bolus) with protamine reversal. 

The primary endpoint (12-hour median blood loss) was not statistically different between groups (793 mL for Angiomax-treated patients vs. 805 mL for heparin/protamine treated patients, p=0.165). Results are presented in Table 1.1.
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Bivalirudin Dosing Schedule

Angiomax to support on-pump anticoagulation for bypass contained in this protocol is a bolus dose of 1.0 mg/kg IV and an infusion of 2.5 mg/kg/hr for the duration of anticoagulation, along with separate priming and separation dosing for the cardiopulmonary bypass pump.  This should achieve a mean steady state plasma Angiomax concentration of 12.3 ± 1.7mcg/mL.

Dosing of the Patient

Angiomax is given as a 1.0 mg/kg intravenous (IV) bolus immediately followed by a 2.5 mg/kg/hr IV infusion beginning at the time anticoagulation is requested by the surgeon and will be discontinued when it is estimated that 15 minutes remain prior to the discontinuation of CPB. The infusion dose will not be titrated for the period of anticoagulation unless medically indicated. If CPB is not terminated within 20 minutes following discontinuation of the infusion, then an additional bolus of 0.5 mg/kg of Angiomax is to be given, and the infusion at 2.5 mg/kg/hr restarted, until CPB is terminated. 

However, investigators have the option to administer additional boluses of 0.1-0.5 mg/kg if on the basis of their clinical judgment, a higher level of anticoagulation is desired. These can be repeated as clinically indicated. Adjustments in plasma concentration of Angiomax are best achieved with bolus dosing. 

Dosing tables are provided in Appendices IA and IB.

No dose adjustment in either the initial bolus dose (1.0 mg/kg) or infusion dose (2.5 mg/kg/hr) are necessary in patients with active HIT that are receiving prior treatment with Angiomax preoperatively.

Surgical Equipment and Line Preparation

All equipment should be prepared if possible before bringing the patient into the operating room. The following guidelines should be used to prepare the cardiopulmonary bypass operating suite for appropriately caring for the HIT/HITTS patient enrolled in the study. 

Arterial Lines and Flush Solutions 

Flush solutions are prepared with a concentration of 0.1 mg/mL of Angiomax. The same concentration can be used as irrigation fluid in a “CO2 Blower” irrigation device or for pre-anastomotic treatment of harvested grafts, as long as the solution for graft preparation is not blood based. 

 Graft Storage

All flush solutions for graft storage (after harvesting vein grafts prior to anastomosis) should contain 0.1 mg/mL of Angiomax. 

If a blood-based storage is necessary, then citrate (CPD) should be added to the blood as the anticoagulant as per institutional practice. Commonly used ratios of citrate anticoagulant to whole blood are 1:5 to 1:10 by volume (e.g., 70 mL citrate anticoagulant solution to each 500 mL of blood processed).35
Autotransfusion

Use of a cell saver is mandatory and should be continued until chest closure occurs. 

Citrate solution should be used per institutional protocol to anticoagulate the cell saver. Large amounts of citrate used in the cell saver can result in transient hypocalcemia, and the ionized calcium should be checked following the use of significant volumes of cell saver processing solution and treated if clinically meaningful hypocalcemia is diagnosed with this assay.

Cardiopulmonary Bypass Pump Setup

Use of Angiomax anticoagulation for cardiopulmonary bypass requires some modification to conventional bypass circuit setup. Before initiation of cardiopulmonary bypass a bolus of 50 mg Angiomax is added to the circuit regardless of patient weight or volume of the prime. It cannot be anticipated preoperatively whether or not a patient will tolerate the return of pump circuit volume within a short time frame after coming off bypass. Therefore, provision to allow recirculation of the cardiopulmonary bypass circuit following termination from bypass should be incorporated into the system prior to use. After re-connection, the cardiopulmonary bypass circuit should then receive a dose of Angiomax of 50 mg, which is followed by a continuous infusion of 50 mg/hr. Once it is clear that a return to bypass support will not be needed, the processing of the remaining circuit volume with a cell saver, prior to readministration to the patient, is recommended.

Open versus Closed System For Bypass

Both open and closed system setups may be used for cardiopulmonary bypass in this protocol, however a closed system is recommended. In general, there are less low-flow areas in a closed system circuit versus an open circuit with cardiotomy. In addition, markers of hemostatic activation, indicative of thrombin generation were reduced in closed versus open systems in the on-pump pilot study (TMC-BIV-02-05). However, there were no clinical differences observed in these studies between open and closed system setups of cardiac bypass. In addition, an open system without cardiotomy suction was not studied to determine whether it might have demonstrated a similar favorable reduction in markers of hemostatic activation as observed with the closed system. 

Coating of Circuits and Oxygenator

For patients randomized to heparin anticoagulation, standard institutional practice regarding choice of coated circuits or oxygenator coating is employed.

For patients randomized to Angiomax treatment, heparin-coated circuits are not recommended, in either the circuit or the oxygenator. Other types of coated circuits may be used. 

Cardioplegia 

Crystalloid or blood cardioplegia may be used with Angiomax in cardiac surgery. 

No anticoagulant needs to be added to crystalloid cardioplegia solution. 

Blood cardioplegia:  

There are several different methods whereby blood cardioplegia can be used with Angiomax anticoagulation. For investigators who wish to use blood cardioplegia, one of the following systems is recommended, or they may select attributes from each to modify their own system so that the risk of flow-isolated areas is minimized in the cardioplegia circuit. 

a)  Direct Collection from Circuit:
In this setup for blood cardioplegia solution, it is sourced directly from the cardiopulmonary bypass circuit prior to infusion, has the components of the cardioplegia added to it, and then is immediately infused into the coronary system. Should non-circulating portions of line contents exist between the pump and the patient these should be flushed prior to cardioplegia administration to the patient so as to ensure that freshly collected blood is delivered to the patient each time with successive cardioplegia aliquots. Thus flushed blood can be collected into the cell saver and washed free of additives prior to re-administration to the patient.

b)  Recirculation of cardioplegia solution:    

The cardioplegia setup can be circulated continuously by use of a connector like the Medtronic DPL-Y cardioplegia connector which will allow recirculation of the cardioplegia. The volume of the cardioplegia circuit is typically 250 mL. For this volume a continuous infusion of Angiomax of 6.25 mg/hr into the cardioplegia circuit will maintain anticoagulation within the circuit.

c)  Concurrent use of blood cardioplegia and crystalloid cardioplegia:
In this modification, blood cardioplegia is used for actual plegia, but a distal vent (near the chest) is employed so that after blood cardioplegia is used, the blood remaining in the circuit is vented into the chest so that only crystalloid remains in the cardioplegia circuit, removing the possibility of further metabolism of Angiomax in the blood. 

Cardiotomy

If cardiotomy suction is planned and involves a reservoir, continuous drainage and/or frequent emptying of the reservoir into the bypass circuit is recommended, in order to avoid the possibility of localized Angiomax depletion in the isolated blood volume. In addition, careful attention to the height of the reservoir is important as it should exceed the height of the venous reservoir at all points, so that the only possibility for build-up in the cardiotomy reservoir would occur with a fully-filled venous reservoir at capacity.

Pre-operative consideration may be given to minimizing the volume of blood that is stored in such a reservoir by either raising its height, eliminating it from the pump set-up, or considering the use of a closed system setup for cardiopulmonary bypass. 

Hemofiltration

Hemofiltration is not recommended during CPB. The plasma concentration of Angiomax will be reduced with hemoconcentration by filtration. If medically indicated, hemofiltration may be used, but frequent monitoring of anticoagulation effect is suggested. An additional bolus administration of Angiomax (0.1-0.5 mg/kg) may be prudent prior to beginning hemofiltration. No data is available concerning the intraoperative use of hemofiltration for Angiomax-treated patients. 

Zero Balanced Modified Ultrafiltration

The use of Zero Balanced Modified Ultrafiltration (ZBMUF) following termination of CPB will facilitate the removal of Angiomax from the patient. Investigators may choose to use ZBMUF at their discretion. Institutional practice should be followed. ZBMUF should be carefully monitored as the concentration of the drug will decrease with use and a possibility of thrombosis of the ZBMUF circuit exists if the concentration of Angiomax becomes low enough to allow this to occur. Monitoring should be done frequently while using ZBMUF. Proper use of filters on the circuit is recommended as well.

 Surgical Management

Surgical technique during the period of active anticoagulation should seek to minimize the amount of time blood is allowed to remain isolated from the circulation in a closed space, such as a reservoir, a component of the pump circuitry, the cell saver, or even intravascularly in a native or grafted vessel. 

Proximal anastomoses should be completed following distal anastomoses of grafts. Blood should not be allowed to remain in isolated grafts for long periods that are not conducting blood flow.

Bulldog clamps should be placed in such a manner as to minimize the dead space in grafts following initial anastomosis. Grafts may also be filled with saline or Angiomax crystalloid solution (0.1 mg/mL) until blood flow resumes. 

Intraoperative Temperature Management

The patient’s temperature should be monitored throughout the case, and patients should not become significantly hypothermic either during Angiomax infusion or following its discontinuation. Patients in the pilot on pump study (TMC-BIV-02-05) had nadir temperatures of between 28.4ºC and 35.7ºC. While the study did not specifically assess the impact of temperature on Angiomax metabolism, no specific effect either on closure times or bleeding could be discerned among patients at either the high or low ends of nadir temperatures while on pump. However, Angiomax is primarily metabolized via proteolytic cleavage, which is temperature dependent, and in-vitro studies have revealed temperature-dependent cleavage of bivalirudin by thrombin at lower temperature ranges.

The elimination of the drug is very consistent at normal or near-normal body temperatures. Early re-warming of the patient after completion of the distal anastomoses is recommended so as to minimize the period of waiting that might occur prior to chest closure after coming off cardiopulmonary bypass support. Prior to discontinuation from bypass support, patient temperature (core and peripheral) should be near normothermic, as defined by institutional practice. Following discontinuation from CPB efforts should be made to maintain normothermia by the use of convective warming, warming the room and warming all infusions, and these measures should be continued, if at all possible, upon admission to the post cardiothoracic surgery ICU.

Chest Closure

Chest closure should occur per institutional practice. For Angiomax patients, chest closure should occur when surgical inspection of the field reveals that adequate hemostasis has been achieved, and should not necessarily be guided by specific anticoagulation clotting test targets. 

Anticoagulation Monitoring

Multiple clotting tests that might be utilized by the Investigator for routine monitoring of anticoagulation during cardiopulmonary bypass may be utilized for monitoring anticoagulation with Angiomax. All of the clotting tests used in TMC-BIV-02-05 (ACT-kaolin, ECT, ACT+, ACT-T) adequately reflected the initiation, maintenance, and termination of anticoagulation with Angiomax during cardiac surgery, although there were differences in the sensitivity of the tests to rapidly reflect this information (see Section 1.3.3.2). Table 5.2 depicts the mean of each of the 4 anticoagulation tests used, the 10% confidence interval (minimum threshold) and 90% confidence interval levels obtained as well as the mean plasma concentrations of Angiomax obtained in the study while the drug was being administered. 

On the basis of the data obtained in the pilot study, it is concluded that most anticoagulation tests can be utilized to monitor anticoagulation levels obtained with Angiomax therapy.

Anticoagulation data and plasma concentration obtained while on Angiomax Infusion

	
	Mean Value


	10% CI (Minimium threshold levels)
	90% CI


	Mean Plasma Conc. (μg/mL) 

	ACT- Kaolin (Hemochron®)
	370
	300 
	432
	12.9

	ACT- Plus®
	405
	370 
	428
	12.9

	ECT (TAS Analyzer®)
	533
	450 
	592
	12.9

	ACT-T (International Technidyne)
	588
	480 
	702
	12.9


It is suggested that a 2.5-fold increase from normal institutional baseline values of any anticoagulation test used for monitoring in cardiac surgery is sufficient evidence of having attained a level of anticoagulation with Angiomax to allow the safe performance of on-pump cardiopulmonary bypass. All patients in the pilot study (TMC-BIV-02-05) demonstrated sufficient safe levels of anticoagulation at all times and the 2.5-fold increase represents a value somewhat below the 10% confidence interval limit for anticoagulation results obtained, and is thus a conservative interpretation of the data. 

Having demonstrated attainment of a sufficient level of anticoagulation through the use of one of the tests, the infusion rate is not titrated, and remains at 2.5 mg/kg/hr until it is stopped, at a point at which the investigators judge that approximately 15 minutes remain prior to separation from cardiopulmonary bypass. However, the Investigator may administer additional Angiomax boluses, if on the basis of a monitoring test result, a higher level of anticoagulation is desired. In this case, Angiomax boluses of between 0.1 and 0.5 mg/kg IV can be administered and repeated at the discretion of the Investigator. 

The plasma concentration of Angiomax is expected to rise upon initiation of CPB due to the equilibration of the Angiomax between the patient and the pump circuit. Lower values from clotting tests obtained prior to bypass will thus increase upon initiation of CPB.

Permitted Concomitant Medications

The use of antifibrinolytics such as aprotinin (Trasylol®), transexamic acid (Cyklokapron®), or aminocaproic acid (Amicar®), are allowed at the discretion of the Investigator.

Dosing Tables For Angiomax: Bolus Dose

Drug Preparation - Bolus Dose 1.0 mg/kg 

· Reconstitute a 250 mg vial of Angiomax® (bivalirudin) with 5 mL Sterile Water for Injection (SWFI), USP, preservative free to make a 50 mg/mL concentration. 

· Swirl gently to mix. Allow a minimum of 2-3 minutes for full reconstitution: (see pharmacy manual)

· Administer by direct IV push the weight-based bolus dose listed in Table 1. 

Angiomax Bolus Dose

	Patient Weight
(kg)
	Dose (1.0 mg/kg)
Direct IV push
(mL)*

	43 – 47
	0.9

	48 – 52
	1.0

	53 – 57
	1.1

	58 – 62
	1.2

	63 – 67
	1.3

	68 – 72
	1.4

	73 – 77
	1.5

	78 – 82
	1.6

	83 – 87
	1.7

	88 – 92
	1.8

	93 – 97
	1.9

	98 – 102
	2.0

	103 – 107
	2.1

	108 – 112
	2.2

	113 – 117
	2.3

	118 – 122
	2.4

	123 – 127
	2.5

	128 – 132
	2.6

	133 – 137
	2.7

	138 – 142
	2.8

	143 – 147 
	2.9

	148 – 150
	3.0


*Using a 50 mg/mL concentration of Angiomax vial.

Dosing Tables For Angiomax Infusion Dose

Drug Preparation - Infusion Dose 2.5 mg/kg/hr 

Reconstitute each Angiomax 250 mg vial with 5 mL sterile water, USP (preservative free) to make a 50 mg/mL concentration. Allow a minimum of 2-3 minutes for full reconstitution (see pharmacy manual). Each reconstituted vial should be further diluted in 50 mL Dextrose 5% Water (D5W) or 0.9% Sodium Chloride (NaCl) to yield a final concentration of 5 mg/mL (e.g. 1 vial in 50 mL; 2 vials in 100 mL; 5 vials in 250 mL). The infusion rate is based on the patient’s weight as shown in Table 2. 

Angiomax is stable at room temperature for up to 24 hours when diluted to a concentration between 0.5 mg/mL and 5 mg/mL.

Angiomax Infusion Dose

	Patient Weight
(kg)
	Infusion Rate
(2.5 mg/kg/hr)
(mL/hr)*

	43 – 47
	23

	48 – 52
	25

	53 – 57
	28

	58 – 62
	30

	63 – 67
	33

	68 – 72
	35

	73 – 77
	38

	78 – 82
	40

	83 – 87
	43

	88 – 92
	45

	93 – 97
	48

	98 – 102
	50

	103 – 107
	53

	108 – 112
	55

	113 – 117
	58

	118 – 122
	60

	123 – 127
	63

	128 – 132
	65

	133 – 137
	68

	138 – 142
	70

	143 – 147 
	73

	148 – 150
	75


*Using Infusion Bag Concentration = 5 mg/mL

 Additional Angiomax Bolus 

	Patient Weight
 (kg)
	Dose 
(0.1 mg/kg)
IV push 
(mL)*
	Dose 
(0.2 mg/kg)
IV push
(mL)
	Dose 
(0.3 mg/kg)
IV push
(mL)
	Dose 
(0.4 mg/kg)
IV push
(mL)
	Dose 
(0.5 mg/kg)
IV push
(mL)

	43 – 47
	0.1
	0.2
	0.3
	0.4
	0.5

	48 – 52
	0.1
	0.2
	0.3
	0.4
	0.5

	53 – 57
	0.1
	0.2
	0.4
	0.4
	0.6

	58 – 62
	0.1
	0.2
	0.4
	0.5
	0.6

	63 – 67
	0.1
	0.3
	0.4
	0.5
	0.7

	68 – 72
	0.1
	0.3
	0.5
	0.6
	0.7

	73 – 77
	0.2
	0.3
	0.5
	0.6
	0.8

	78 – 82
	0.2
	0.3
	0.5
	0.6
	0.8

	83 – 87
	0.2
	0.3
	0.5
	0.7
	0.9

	88 – 92
	0.2
	0.4
	0.6
	0.7
	0.9

	93 – 97
	0.2
	0.4
	0.6
	0.8
	1.0

	98 – 102
	0.2
	0.4
	0.6
	0.8
	1.0

	103 – 107
	0.2
	0.4
	0.7
	0.8
	1.1

	108 – 112
	0.2
	0.4
	0.7
	0.9
	1.1

	113 – 117
	0.2
	0.5
	0.7
	0.9
	1.2

	118 – 122
	0.2
	0.5
	0.8
	1.0
	1.2

	123 – 127
	0.3
	0.5
	0.8
	1.0
	1.3

	128 – 132
	0.3
	0.5
	0.8
	1.0
	1.3

	133 – 137
	0.3
	0.5
	0.8
	1.1
	1.4

	138 – 142
	0.3
	0.6
	0.9
	1.1
	1.4

	143 – 147 
	0.3
	0.6
	0.9
	1.2
	1.5

	148 – 150
	0.3
	0.6
	0.9
	1.2
	1.5


*Using a 50 mg/mL concentration of Angiomax.
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