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Ready for Prime Time???Ready for Prime Time???



Alternative Oxygen CarriersAlternative Oxygen Carriers

 Hemoglobin based OHemoglobin based O22 carrierscarriers –– HBOCHBOC

 US ArmyUS Army

 HbHb in microspheresin microspheres

 US NavyUS Navy

 PerfluorocarbonPerfluorocarbon--basedbased



Why HBOCs?

 Alternate to PRBCs
 Problem with stored RBCs

 Proinflammatory effect
 During crisis resuscitation

 Prestorage leukoreduction

 Blood transfusion–related immunomodulation

 Changes in RBC morphology
 Biconcave disc to spheroid – larger than caps

 > 14 days
 MODS

 Transfusion-related acute lung injury (TRALI)

 Poor outcome



Why HBOCs?

 Battle field medicine

 Clear need

 Collins Box – wet ice storage

 Walking blood bank – warm, fresh,
available, prescreened donors

 A complement to RBC transfusions

 Not a replacement

 ‘‘Hemoglobin Therapeutics’’



HBOCHBOC
 8 HBOC have reached FDA trials8 HBOC have reached FDA trials
 HemopureHemopure –– HBOCHBOC--201 (US)201 (US)

 Elective orthopedic phase IIIElective orthopedic phase III
 Safety problems in patients > 80 yrSafety problems in patients > 80 yr
 OxyglobinOxyglobin –– HBOCHBOC--301301
 South Africa approvalSouth Africa approval

 PolyhemePolyheme –– Poly SFHPoly SFH--P (USA)P (USA)
 Hemorrhagic shock phase IIIHemorrhagic shock phase III

 HemospamHemospam –– MP4 (MP4 (EurEur))
 Prevention of hypotension in spinal anesthesia phase IIIPrevention of hypotension in spinal anesthesia phase III
 Very low P50 (6) and large size prevents vasoactive side effectsVery low P50 (6) and large size prevents vasoactive side effects
 LowLow HbHb concentrationconcentration –– not for anemianot for anemia

 HemAssistHemAssist –– DCLDCL--HbHb –– αααα--HbHb (USA)(USA)
 No longer under developmentNo longer under development



HBOCHBOC

 HemAssistHemAssist -- BaxterBaxter

 DiaspirinDiaspirin crosscross--linked hemoglobinlinked hemoglobin

 DCLHbDCLHb -- tetrameric

 Most published studiesMost published studies

 Acceptable safety and efficacyAcceptable safety and efficacy

 >100 animal studies>100 animal studies

 Clinical trialsClinical trials

 VolunteersVolunteers

 Elective surgery patientsElective surgery patients

 ICU patientsICU patients -- failed dramaticallyfailed dramatically



HemAssistHemAssist vsvs salinesaline
 Sloan 1999Sloan 1999 -- JAMAJAMA

 Severely traumatized patientsSeverely traumatized patients
 Emergency RoomEmergency Room
 112 patients112 patients

 Mortality rateMortality rate -- 28 days28 days
 46%46% vsvs 17%17%

 Mortality rateMortality rate –– 48 hr48 hr
 38%38% vsvs 15%15%

 MODS scoreMODS score
 2828--day morbidity rateday morbidity rate -- 72% higher72% higher

 KernerKerner 20032003 –– European studyEuropean study
 SaxenaSaxena -- Stroke 1999Stroke 1999

 3 month adverse outcome3 month adverse outcome
 85%85% vsvs 51%51%



HBOCHBOC

 Animal studiesAnimal studies -- US ArmyUS Army –– mimic battlefieldmimic battlefield

 PigsPigs -- Dehydrated and then hemorrhageDehydrated and then hemorrhage

 Resuscitated with albumin or HBOC (Resuscitated with albumin or HBOC (αααα--HbHb))

 In spite of increased O2 carrying capacityIn spite of increased O2 carrying capacity

 OO22 delivery was samedelivery was same

 Rise in BP and fall in CORise in BP and fall in CO

 No advantage of administration of HBCONo advantage of administration of HBCO



Vasopressor EffectsVasopressor Effects

 Vasopressor effectsVasopressor effects

 Increase BP but decreased COIncrease BP but decreased CO

 IncreasedIncreased peripheral vascular resistance

 Increased pulmonary artery pressure

 Pulmonary hypertension

 CellCell--free hemoglobin vasoactive (1949)free hemoglobin vasoactive (1949)

 Increase systemic vascular resistanceIncrease systemic vascular resistance

 Pulmonary hypertensionPulmonary hypertension

 OxyhemoglobinOxyhemoglobin can diffusecan diffuse

 Link between molecular size, diffusion, and vasoconstrictionLink between molecular size, diffusion, and vasoconstriction



Vasopressor EffectsVasopressor Effects

 Pressor mechanismPressor mechanism

 Scavenging of NOScavenging of NO

 ScavengeScavenge extravascularextravascular as well as intravascularas well as intravascular

 TetramersTetramers

 Between endothelium and vascular smooth muscleBetween endothelium and vascular smooth muscle

 Size of molecule, purify solutionsSize of molecule, purify solutions

 PolyHemePolyHeme storystory

 Encapsulating the hemoglobin inEncapsulating the hemoglobin in liposomesliposomes

 Genetically engineeredGenetically engineered HbHb to decrease NO binding 20to decrease NO binding 20--30 X30 X

 Other possibilitiesOther possibilities

 Release endothelinRelease endothelin--11

 AdenoreceptorsAdenoreceptors

 Microcirculation autoregulationMicrocirculation autoregulation





Pressor mechanismPressor mechanism
Microcirculation autoregulationMicrocirculation autoregulation

 FreeFree HbHb in plasmain plasma

 Unloads oxygen more efficientlyUnloads oxygen more efficiently

 Compared with RBCCompared with RBC HbHb

 May facilitate RBC oxygen unloadingMay facilitate RBC oxygen unloading

 HBOCsHBOCs might increase arteriolar oxygen tensionmight increase arteriolar oxygen tension

 Induce arteriolar vasoconstrictionInduce arteriolar vasoconstriction

 Much of the vasoconstriction effects occur withMuch of the vasoconstriction effects occur with HBOCsHBOCs??

 Enhancement of blood to tissue oxygen unloadingEnhancement of blood to tissue oxygen unloading

 Caused by the removal of the microcirculatory spatial heterogeneCaused by the removal of the microcirculatory spatial heterogeneityity

 Imposed by cellularImposed by cellular HbHb

 Combination of vasoconstriction andCombination of vasoconstriction and ““earlyearly”” oxygen unloading ofoxygen unloading of HbHb

 Impairs downstream oxygen delivery in capillariesImpairs downstream oxygen delivery in capillaries

 Reduces tissue oxygenReduces tissue oxygen



Microcirculatory controlMicrocirculatory control

 Circulation is tightly balancedCirculation is tightly balanced

 Match O2 delivery to local O2 demandMatch O2 delivery to local O2 demand

 Blood flowBlood flow

 Blood vessel diameterBlood vessel diameter

 Functional capillary densityFunctional capillary density

 Endothelial shear stressEndothelial shear stress

 Maintain adequate PMaintain adequate PO2O2 at tissue levelat tissue level



Microcirculatory controlMicrocirculatory control
 Dynamic adjustmentDynamic adjustment

 Of vascular smooth muscle tensionOf vascular smooth muscle tension

 VasoconstrictionVasoconstriction

 VasodilationVasodilation

 Depending on metabolic needDepending on metabolic need

 Oxygen sensorOxygen sensor
 FlavohemeFlavoheme proteinprotein

 Universally present in all cellsUniversally present in all cells

 Regulated by intracellular reactive oxygenRegulated by intracellular reactive oxygen
intermediatesintermediates

 PPO2O2 regulates blood flowregulates blood flow



Vasopressor EffectsVasopressor Effects

 Small crossSmall cross--linked hemoglobinlinked hemoglobin

 Oxygen transfer fasterOxygen transfer faster

 More vasoconstrictionMore vasoconstriction

 SurfaceSurface--modified hemoglobinmodified hemoglobin

 PEGPEG--HbHb (Polyethylene glycol modified bovine)(Polyethylene glycol modified bovine)

 Large moleculeLarge molecule

 Higher affinityHigher affinity –– slower O2 transferslower O2 transfer

 Negligible vasoactive effectsNegligible vasoactive effects



Oncotic & Viscosity EffectsOncotic & Viscosity Effects
 RBCsRBCs -- No COPNo COP
 HBOCsHBOCs

 Oncotic propertiesOncotic properties
 Increase blood volume > amount givenIncrease blood volume > amount given
 Potential decrease viscosityPotential decrease viscosity

 Viscosity of bloodViscosity of blood
 EssentialEssential -- tissue oxygenationtissue oxygenation
 ViscosityViscosity vsvs vascular relaxationvascular relaxation

 Shear forces – endothelial cells activation
 Induce the production of NO

 HBOC
 Viscosity of blood – PolyHeme, MP4
 Decreased viscosity - HemopureHemopure,, OxyglobinOxyglobin

 Claim help perfusion in face of vasoconstriction
 But less NO produced as shear forces decrease





OxygenOxygen--Carrying CapacityCarrying Capacity

 Oxygen affinity – P50 (PRBCs – 26)

 HemopureHemopure –– HBOCHBOC--201201

 4343 –– higher than bloodhigher than blood –– release inrelease in tissusestissuses

 PolyHemePolyHeme

 2828 –– 3030 –– like bloodlike blood

 MP4MP4

 55--66 –– much lowermuch lower –– slow to release Oslow to release O22



OxyglobinOxyglobin®®

 Polymerized Hb

 Enhanced intravascular retention

 Reduced colloid osmotic activity

 Attenuate vasoconstriction?

 Tetrameric Hb extravasates
 Bind abluminal NO - unopposed vasoconstriction

 Polymerized Hb remains vasculature
 to bind only luminal NO

 But polymerized Hb still causes hypertension
 Residual tetrameric Hb?



OxyglobinOxyglobin®®

 Driessen CCM 2003Driessen CCM 2003
 DogsDogs

 Bled 40% blood volume over 30 minBled 40% blood volume over 30 min
 Remained hypovolemic for 60Remained hypovolemic for 60 minsmins with MAP ~ 50with MAP ~ 50
 Rx HES or HES+HBRx HES or HES+HB--200200 –– dose responsedose response

 OxyglobinOxyglobin®®

 SAP, DAP, MAP, SVP higher than HESSAP, DAP, MAP, SVP higher than HES
 Not increase ONot increase O22CtCt –– hemodilutionhemodilution, vasoconstriction, vasoconstriction
 Not better systemic oxygen delivery than HESNot better systemic oxygen delivery than HES
 Reverse anaerobic cell metabolism (BE)Reverse anaerobic cell metabolism (BE)

 More rapidly than HESMore rapidly than HES
 Independent of doseIndependent of dose



PolyHemePolyHeme as blood substituteas blood substitute
Trauma and hemorrhagic shockTrauma and hemorrhagic shock

 Phase II

 40 trauma patients40 trauma patients –– HgbHgb < 3.0< 3.0

 28 day mortality28 day mortality 25% v 64% ((HxHx controls)controls)

 Phase III

 722 patients in 30 US trauma centers

 30 day mortality - 9.6% v 13.4% - no
significant difference



PolyHemePolyHeme
Phase III StudyPhase III Study



ComplicationsComplications

 Elective Aortic aneurism storyElective Aortic aneurism story
 Northfield never releasedNorthfield never released
 Wall Street JournalWall Street Journal

 Increased mortalityIncreased mortality –– myocardial infarctmyocardial infarct
 MetanalysisMetanalysis
 All HBOC had this problemAll HBOC had this problem
 16 studies16 studies
 Conclusions questionedConclusions questioned

 Heterogeneous studiesHeterogeneous studies
 Included 1Included 1stst generation HBOCgeneration HBOC –– no longer underdevelopmentno longer underdevelopment

 RecentRecent PolyHemePolyHeme studystudy –– phase IIIphase III
 Increased coronary eventsIncreased coronary events
 Downplayed by authorsDownplayed by authors



HBOC asHBOC as Hemoglobin Therapeutics
Properties of HBOCProperties of HBOC

 OxygenOxygen--Carrying CapacityCarrying Capacity

 Oncotic EffectsOncotic Effects

 Vasopressor EffectsVasopressor Effects



HBOC asHBOC as Hemoglobin Therapeutics
Septic Shock

 Sepsis

 Microcirculatory alterations

 Tissue hypoxia

 Despite increased convective oxygen transport

 HBOCs

 Increase tissue oxygen availability

 Oxygen extraction capacity



HBOC asHBOC as Hemoglobin Therapeutics
Septic Shock

 NO vasodilation
 Mediator of hypotension
 Complete block of NOS

 Adverse outcome

 HBOC – scavenge NO
 Restoring BP/O2 extraction w/o blocking all NO activity

 HemAssistHemAssist (DCLHb) – small study septic shock
 Reduction in vasopressor needs
 Reduction in CI and oxygen delivery
 Other HBOC???

 PHP – in distributive shock
 Goal 1000
 Stopped after only 62 from 800 screened patients
 No pulmonary artery catheter
 28-day mortality – same but faster wean from vasopressors



HBOC asHBOC as Hemoglobin Therapeutics
Septic Shock

 Immunomodulatory
 Iron

 Rapid growth of bacteria

 Free hemoglobin
 Abolish antibacterial effects of plasma

 Inactivate neutrophils

 Metabolism of hemoglobins
 Saturate RE system

 Immunodepressant effect

 Free iron
 production of free radicals

 Proinflammatory
 Release of cytokines

 Liposome encapsulation may prevent



HBOCHBOC

Ready for Prime Time???Ready for Prime Time???


