Clinical use of Hemoglobin based oxygen carriers
Oxyglobin solution
· Characteristics
· Purified, polymerized bovine Hb, 13 g/dL
· In modified LRS buffer
· Osmolality 300 mOsm/kg, pH 7.8
· <5% unstabilized tetramers
· 50% MW of 65-130 kD, N10% having MW greater than 500 kD, average MW 200 kD
· COP=43 mmHg
· 50% saturated with oxygen at 37 mmHg
· compared to 27 mmHg for RBCs, enhances the offloading of O2
· oxygen affinity is regulated by Cl concentration
· [image: ]Pharmacokinetics
· Elimination halflife is dose dependent
· Oxygen delivery
· 1g oxyglobin Hb delivers equivalent oxygen to 3-4 grams native Hb
· low viscosity enhances perfusion of tissues, allows oxygen delivery to tissues despite disruption of blood flow
· leads to decreased CO and decreased systemic oxygen delivery
· Resuscitation from hemorrhagic shock
· Sheep bled out to 4% hematocrit with administration of Oxyglobin and had stable hemodynamics
· In cat model oxyglobin and autologous blood were equally effective in restoring oxygen transport variables and improved peripheral perfusion
· Vasoreactivity
· Nitric oxide produced by endothelial cells causes vasodilation
· Oxyglobin mediated scavenging of nitric oxide shifts vascular tone toward vasoconstriction
· Evidence conflicting the nitric oxide scavaging effects of oxyglobin 
Clinical efficacy and safety of Oxyglobin in dogs and cats
· 64 dogs w/ moderate to severe anemia
· 47% were IMHA
· Monitored for change in Hb and physical condition score
· Treatment success defined as lack of need for addition oxygen carrying support for 24 hours
· HBOC group: 95% success, Control: 32% success (significantly different regardless of cause of anemia)
· Mean [Hb] increased from 4.3-6.8 g/dL in treatment group
· Retrospective in cats:
· 29 for hemorrhage, 24 for decreased production, and 11 for hemolysis
· Mean dose and rate: 14.6 mL/kg, 4.8 mL/kg/hr
Hemoglobin-based oxygen carrier solution-related effects
· Transient discolouration to the mucous membranes, sclera, urine, skin
· Circulatory overload
· Rate dependent, greatest above 10 mL/kg/hr in dogs and 5 mL/kg/hr in cats
Veterinary case reports
· Endoparasitism in dogs
· Clinical effect similar to dogs administered whole blood
· Miniature horse with cyclic ovarian hemorrhage
· Cat with acetaminophen toxicosis
· Cat responded well and recovered with no complications
Administering and monitoring oxyglobin infusions in clinical practice
· Indications
· Temporary oxygen-carrying supportive measure in anemia
· Not ideal for ineffective erythropoiesis
· IMHA
· Due to thought that RBC will “fuel the fire” which is unfounded
· May be preferable to RBC when rapid destruction of transfused RBCs is noted or when autoagglutination prevents adequate pretransfusion compatibility screening
· Colloidal support
· Particularly with anemia and hypovolemia
· Dosage and administration
· Dogs: 10-30 mL/kg at rate less than or equal to 10 mL/kg/hr
· Cats: 10-15 mL/kg at rate less than 5 mL/kg/hr
· Supplied as 60 and 125 mL bags (in 2003)
· Stable up to three years when unopened at room temperature
· Discard after 24 hours after opening
· Cannot be administered with other medications or fluids
· Recommend reduction to 60% maintenance crystalloids hen administering
· Monitoring
· Bloodwork
· Perform before
· Blood type
· CBC
· Chem
· UA
· Response to therapy
· Acid-base status
· Cellular metabolism
· Total or plasma [Hb]
· Monitor during transfusion
· Temperature
· Heart rate
· Respiratory rate
· Clinical response
· Altered values after transfusion due to discolouration of sample
· Chemistry typically BUN, sodium, chloride and potassium are fine
· CBC: alters MCH and MCHC
· PT/PTT: only optical methods
· UA: everything on the dipstick
Platelet transfusions: treatment option for hemorrhage secondary to thrombocytopenia
Platelet physiology
· Thrombocytopenia is the most common hemostatic abnormality in dogs
· Primarily produced in bone marrow with small quantities in the liver, spleen, kidney, and lung
· Platelet membrane is composed of bilayer of phospholipids, proteins, and glycoproteins
· Discoid shape is maintained by microtubules
· Cytoplasm contains storage granules, mitochondria and glycogen
· Form a plug at a site of injury by shape change, adhesion, aggregation and secretion
· Maintain normal hemostasis by plugging gaps in the endothelium of intact blood vessels
Indications for Platelet Transfusions
· Management of uncontrolled or life-threatening bleeding from thrombocytopenia or pathia
· Specific areas of concern are bleeding in the lungs, brain, and myocardium
· Prior to life saving procedures in thrombocytopenic patients
· Platelet counts indicating transfusion need (derived from human literature)
· > 10 x 109/L is considered adequate to prevent spontaneous bleeding
· Spontaneous bleeding rarely occurs w/ platelet counts > 20 x 109/L
· <30-50 x 109/L in patients with thoracic cavity or intracranial bleeding
· <25 x 109/L in patients requiring multilumen catheter placement
· <50 x 109/L in patients requiring surgery
· Massive transfusion
· Ratios of apheresed platelet:pRBC transfusion recommended to exceed 1:8 to improve survival at 24 hrs and 30 days
Platelet dosing
· Transfusion considered effective if platelet count is raised >20-30 x 109/L
· Recommend achieving a platelet count of 50-100 x 109/L in patients requiring surgery
Platelet products
· Fresh whole blood
· Most often used in veterinary medicine, not really used in human medicine anymore
· Platelet activity is reduced with storage, but storage up to 72 hours results in only modest reduction in platelet function
· Reactions include acute immunologic, acute nonimmunologic and delayed transfusion reactions
· On average a 500 mL unit contains approximately 70 x 109/L platelets
· Dose of 10 mL/kg of whole blood is expected to raise platelet count by approximately 10 x 109/L
· Fresh platelet products
· Platelet rich plasma: fresh whole blood is centrifuged at 1,000 x g for 4 minutes (soft spin)
· Platelet concentrate: platelet rich plasma is centrifuged at 2,000 x g for 10 minutes (hard spin)
· Both products yield 80-100 x 109/L platelet counts
· Recommended dose is 1 platelet unit per 10 kg
· Expected 1 dose should increase the platelet count by about 40 x 109/L
· Advantages: large number of platelets with low volume
· Disadvantages: requirement of specialized equipment, recovery of only 80% of platelets, fragments of WBC or RBCs which can lead to transfusion reaction, risk of bacterial contamination, short shelf life, need for constant agitation
· Apheresed platelets
· Produces 4-6 times the amount of platelets in each unit than centrifuging FWB
· Benefits: increased platelet concentration, decreased WBC or RBC contamination, decreased risk of bacterial contamination, increased storage time (5 days at room temperature)
· Disadvantages: need for specialized equipment, high costs
Cryopreserved platelets
· Platelet concentrate in 6% DMSO or 2% DMSO plus thrombosol (12.5mM amiloride, 2.5mM nitroprusside, 5mM of adenosine)
· Thrombosol results in higher percentage of platelets retaining discoid morphology, lower expression of platelet P-selectin, and improved post-transfusion platelet recovery/survival time
· Estimated 59-68% platelet recovery following a thaw and significantly decreased compared to fresh platelets
· In humans the DMSO is washed off the platelets prior to transfusion, not done in veterinary medicine
· Dosing: in humans 2.5 units of cryopreserved platelets achieves a comparable increase to fresh platelet concentrate
· Advantages: longer storage life, increased platelet count per unit volume, low risk of side effects, and availability on demand
· Disadvantages: reduced platelet recovery, variability in platelet counts between units, decreased platelet function, short posttransfusion lifespan
Lyophilized platelets
· Processing:
· Washing of platelet rich plasma with a 0.1% bovine serum albumin with phosphate buffer
· Incubation for 1 hour in 68% paraformaldehyde
· Wash again with PBS
· Resuspended in 5% bovine serum albumin
· Frozen at -70 celcius
· Dried over 1-3 days in a lyophilizer
· Retain the ability to respond to thrombin stimulation, degranulate, and increase their surface membrane thrombogenicity
· Can be stored for up to 24 months with refrigeration
· Reconstituted with normal saline just prior to use
· Advantages: long storage shelf life, ease of use, and decreased probability of bacterial contamination
· Disadvantages: limited supply, inability to obtain, transfusion reaction, lifespan of minutes to hours post-transfusion

Fresh platelet concentration vs. lyophilized platelets in thrombocytopenic dogs
· Randomized patients into one of two groups: fresh, apheresed platets or lyophilized platelets
· Most patients had IMT (63.6% in lyophilized group, 86.7% in fresh group)
· Neither treatment gave a uniform increase in platelet count
· Association found between dose of platelets administered and increase in platelet count
· Transfusion reactions noted in 14% and 13% of lyophilized and fresh platelets, respectively
· Study was prematurely ceased and resulted in sample size too small to allow to find a difference between the groups











Questions
1. Platelet rich plasma differ by the
a. Expected platelet concentration
b. Efficacy of platelets
c. Processing techniques
d. Preservation materials
2. Lyophilized platelet products are
a. Kept at room temperature for 4 days and retain their stability
b. Prepared by preservation in DMSO
c. Remain efficacious in circulation for approximately 48 hours
d. Reconstituted in normal saline prior to administration
3. Oxyglobin has a colloid oncotic pressure of
a. 43 mmHg
b. 15 mmHg
c. 34 mmHg
d. 60 mmHg
4. Increased vasoconstriction with the administration of oxyglobin is thought to be associated with
a. Bradykinin production
b. Reduction in the circulating levels of nitric oxide and 
c. Increased hydrogen ion recognition and stimulation of the vasomotor center of medulla oblongata
d. Enhanced renin secretion from as a result of reduced chloride levels sensed by the macula densa
5. Based on clinical evaluation of oxyglobin in dogs with anemia of various etiology, the expected mean increase of hemoglobin levels in dogs receiving doses of approximately 10 mL/kg is
a. 1 g/dL
b. 2.5 g/dL
c. 3.75 g/dL
d. 4.5 g/dL
6. Regarding the comparison of lyophilized and apheresed fresh platelets in dogs
a. Dose was positively correlated to improved platelet number 
b. The use of apheresed platelets significantly reduced hospitalization time
c. No reduction in clinical signs of bleeding was found in neither group
d. [bookmark: _GoBack]The incidence of transfusion reactions resulted in premature termination of the study
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Expected plasma hemoglobin concentration and duration of effect at multiple dose levels after
a single infusion of Oxyglobin in dogs

Immediate Duration (hours)
post-infusion plasma of plasma
Dose hemoglobin hemoglobin Terminal
(mL/kg) concentration (g/dL) concentration > 1 g/dL half-life (hours)
10 1.5-2.0 11-23 18-26
15 2025 2339 19-30
21 3443 66-70 2534

30 3.648 74-82 22-43









