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Comment: This article extensively (144 references) reviews the past, the present and the near future of hemoglobin-based oxygen carriers, emphasizing potential indications for these compounds in trauma (war and civilian) care.
Civilian trauma care

The existing safety profile and emerging data on efficacy for HBOCs (Table 1) warrant continued active clinical investigation in the three areas outlined by the FDA ( Table 3). The pressing question is: Is it time for the FDA to approve one or more of these HBOCs for clinical use? I submit that the current generation of HBOCs can save lives and should be licensed, in limited quantities, for scenarios where stored blood is not available within the hospital.

Compassionate use when blood could not be matched[137] or for critically injured patients who refused blood on a religious basis [138] is very compelling. We recently transfused 18 units of PolyHeme, over 2 weeks, into a 39-year-old Jehovah's Witness and mother of four young children. This woman was transferred to our institution with a Hb = 2 g%, heart rate > 135/minute, and acute ST segment depression on her electrocardiogram after a class III abruptio placentae with fetal demise, disseminated intravascular cogulation, ARDS, and ruptured uterus. She survived urgent abdominal hysterectomy and had an otherwise uneventful recovery (manuscript in progress).

Trauma surgeons will attest that delays in blood availability for acute life-threatening hemorrhagic shock occur in urban trauma centers today, and there are certainly remote hospitals where multiple casualties can rapidly deplete the blood reserve. There is always concern about off-label use and abuse, but this is a challenge with any product newly licensed by the FDA. Extension of clinical investigation to prehospital care is well founded by appropriately designed animal models. The Israel Defense Forces Medical Corps has been administering type O packed RBCs for more than a decade.[139] But a major impediment to establishing the scientific basis for the appropriate use of HBOCs in the field is waiver of informed consent. [140 and 141] Unfortunately, acutely injured patients who are most likely to benefit from prehospital infusion of HBOCs are incapable of providing informed consent and proxy consent is logistically impractical. Undoubtedly, the trauma experience with DCL Hb will encumber the waiver of consent issue. Another confounder is the study control; ie, when is it ethical to withhold treatment that is proved beneficial to the patient? [142] Finally, the potential efficacy of HBOCs expands well beyond the temporary replacement for stored RBCs. Hemoglobin solutions might ultimately prove superior in delivering O2 to ischemic or injured tissue.[143] An undisputable byproduct of the intense competition to license HBOCs for clinical use is the enhanced knowledge of the fundamental physiology of hemoglobin. Although the current generation of HBOCs can save lives today, the next generation might be biochemically tailored for specific clinical indications. [144]

In sum, the development of HBOCs spans 70 years but the progress in the last decade has been meteoric. Indeed, with FDA approval, this might represent the next chapter in transfusion medicine as blood banking worldwide has evolved from whole blood to component therapy and now the integration of HBOCs. As academic trauma surgeons, my colleagues and I have had the unique opportunity to participate in the translation of basic science to saving lives; that is the ultimate reward of academic medicine.
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Background
Human polymerized hemoglobin (PolyHeme, Northfield Laboratories, Evanston, IL) is a universally compatible, immediately available, disease-free, oxygen-carrying resuscitative fluid being developed as a red cell substitute for use in urgent blood loss. PolyHeme should be particularly useful when red cells may be temporarily unavailable. This article assesses survival at life-threatening RBC hemoglobin concentration ([Hb]) in massively bleeding patients who do not receive red cells.
 Study design
        
There were 171 patients who received rapid infusion of 1 to 20 units (1,000 g, 10 L) of PolyHeme in lieu of red cells as initial oxygen-carrying replacement in trauma and urgent surgery. The protocol simulated the unavailability of red cells, and the progressive fall in RBC [Hb] in bleeding patients was quantified. Thirty-day mortality was compared with a historical control group of 300 surgical patients who refused red cells on religious grounds.
 Results
A total of 171 patients received rapid infusion of 1 to 2 units (n = 45), 3 to 4 units (n = 45), 5 to 9 units (n = 47), or 10 to 20 units (n = 34) of PolyHeme. Forty patients had a nadir RBC [Hb] 3 g/dL (mean, 1.5 Â± 0.7 g/dL). But total [Hb] was adequately maintained (mean, 6.8 Â± 1.2 g/dL) because of plasma [Hb] added by PolyHeme. The 30-day mortality was 25.0% (10/40 patients) compared with 64.5% (20/31 patients) in historical control patients at these RBC [Hb] levels.
 Conclusions

PolyHeme increases survival at life-threatening RBC [Hb] by maintaining total [Hb] in the absence of red cell transfusion. PolyHeme should be useful in the early treatment of urgent blood loss and resolve the dilemma of unavailability of red cells.
