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Despite an adequate and safe blood supply in North America and Europe, the 

pursuit of an artificial blood substitute remains noble if 3 conditions are met: it is 
safe, effective, and universally available. In this issue of JAMA, the findings of 
Natanson and colleagues1 of a clinically important increase in risk of mortality and 
risk of myocardial infarction across hemoglobin-based oxygen carrier (HBOC) trials 

cast serious doubt on the first and second conditions, thereby making the third 
irrelevant. Specifically, based on their analysis of available data, the authors found 

a 30% increase in the risk of death and nearly a 3-fold increase in risk of 

myocardial infarction when all HBOC trials were pooled. More troubling, trials 
continue to be planned and conducted in the presence of accumulating knowledge 
as demonstrated by the cumulative meta-analyses.  

Natanson et al conducted a systematic review that sought to identify all published 
and unpublished clinical trials of HBOCs. The general consistency of harm across all 

HBOC products regardless of technology (cross-linked, polymerized, and conjugated 
hemoglobin) and important subgroups suggests that the findings are robust. 

Although the adverse outcomes assessed were not significant within any of the 
trials except one, individual trials were generally not powered to detect important 

differences in harm. The value of a meta-analysis is to synthesize evidence across 

trials regardless of size to better understand benefits and harms. Identifying all 
eligible trials can be a limitation of systematic reviews, but Natanson et al went to 

great lengths to identify all potential trials. Even though non–peer-reviewed studies 
were included, the overall findings were not affected by the unpublished studies.  

The flurry of activity in the 1980s and 1990s to develop a viable and universal 
HBOC was largely predicated on concerns about the adequacy of the blood supply 
and real or perceived deleterious effects of transfusions of red blood cells (RBCs). In 

many developed countries, refined donor selection criteria to increase transfusion 

safety have limited the blood donor pool, although there are no readily identifiable, 
published, methodologically sound research reports documenting the effect of blood 
shortages, such as the number of cancelled surgeries or transfusion-dependent 

patients denied therapy. As for the harmful effects of RBC transfusion, such as 
transmission of viral and bacterial organisms, the blood supply in many developed 
countries has never been safer.2 More importantly, the adverse effects of RBC 

administration need to be compared and contrasted with pharmacologic, behavioral, 

or mechanical technologies aimed at reducing or eliminating use of RBC 
transfusions. For blood substitutes administered in the hospital setting, the risks of 
HBOCs need to be at least comparable with the risks associated with RBCs. For 

patients who require out-of-hospital treatment or who are in a remote location 
where RBCs are not immediately available, the risks of HBOCs need to be compared 
against the risks of resuscitation fluids used in those settings.  

Given the observed findings, it is important to consider how trials were planned and 
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conducted in the face of known and accumulating evidence of harm. Were there 
clues from preclinical and clinical studies indicating the deleterious effects of 

HBOCs? Investigators, sponsors, regulatory agencies, and research ethics boards 
have a number of important responsibilities in assessing the evidence base and 
incorporating this knowledge in the design, review, and approval of clinical studies. 
These stakeholders also have a responsibility to ensure that patient safety is 

properly accounted for in the study design and during the conduct of the study. To 
this end, investigators must conduct systematic reviews of animal and clinical 
evidence, assessing both potential benefits and harms of the study interventions; 
define, measure, monitor, and adjudicate potential serious adverse events in all 

patients; and report all serious adverse events in a timely manner. From the 
published reports, it appears that many of the trials evaluating HBOCs did not fulfill 
some or all of these important steps.  

Animal evidence and early clinical trials demonstrated that HBOCs were associated 

with risks such as renal dysfunction and systemic vasoconstriction.3-9 Even though 
there are different HBOC technologies and there is lack of clarity on precise 
mechanisms of action, these toxicities must be defined before justifying further 
clinical trials regardless of whether the HBOCs are cross-linked, polymerized, or 

conjugated. To substantiate the need for a clinical trial, systematic reviews need to 
be conducted and reported.10 Examination of the introduction sections of the 13 
published studies of HBOCs identified by Natanson et al reveals that no studies (0 
of 13) reported whether a systematic review of either animal or clinical evidence 

was conducted. Although some studies did cite animal or clinical studies, it is 
essential to guard against selective reporting of only studies that support the trial 
rationale.11  

In terms of presenting potential harms, only 3 trials (23%) included in the analysis 

by Natanson et al mentioned the potential increase in mortality with HBOC 
products, and none of the articles specifically mentioned the issue of myocardial 
infarction in their introduction sections. The importance of synthesizing available 
animal evidence is best demonstrated by the decision by US Army scientists to 

abandon its cross-linked hemoglobin product ( -Hb) in 1993 because animal 
studies consistently showed that the deleterious vasoconstrictive properties 
precluded any clinical benefit.5, 12 Yet trials of -Hb in stroke and trauma 

populations continued to be designed and conducted by the manufacturer of these 

products.13-14 These trials in humans confirmed the very risk identified by the US 
Army animal studies conducted years earlier. Aside from the preclinical evidence, a 
systematic review and synthesis of accumulating clinical trials should have detected 
early signs of deleterious effects as demonstrated by Natanson et al.  

In light of the animal and clinical evidence suggesting deleterious effects of HBOCs, 
investigators had a responsibility to collect and monitor clinically important harms 
such as those related to vasoconstriction and nephrotoxicity in all study patients 

regardless of trial sample size and primary objectives. Although collecting and 

monitoring these data are resource intensive, the established toxicities mandated 
active examination and not passive reporting. It is unclear whether this duty was 
fulfilled, but Natanson et al found that 38% of trials did not report the number of 
myocardial infarctions. In the 13 studies in the report by Natanson et al that were 

published as full journal articles, only 1 reported a priori definitions of myocardial 
infarction or other potentially important adverse effects related to HBOCs such as 
renal failure or stroke. Moreover, only 1 of the 13 publications reported whether 
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patients were actively assessed for the presence or absence of clinically important 
harms and no study reported that the outcomes were adjudicated. As such, there 
may be an underreporting of harm.  

The timely reporting of all evidence independent of positive or negative findings is 

not only essential but ethical. Natanson et al provide evidence that study results 
were made public well after the trials had stopped enrollment. Thus, it was not 
possible for ethics boards to properly review proposed studies because they did not 

have all available information. Additionally, patients or proxy decision makers were 
not in a position to make well-informed decisions at the time of providing informed 
consent. Regardless of whether studies are conducted under the auspices of 
commercial or academic entities, studies need to be centrally registered and their 

findings duly reported.15-16 Not doing so places patients at unnecessary risk. Yet as 
Natanson et al point out, trial registries alone will not prevent the nonpublication or 
nondisclosure of all trial results. Measures are needed to ensure that the results of 
all registered clinical trials are reported.  

Based on the findings of Natanson et al and the consistency of these results with 

preclinical evidence of potential toxicity, further phase 3 trials of HBOCs should not 
be conducted. There has been a tremendous amount of resources expended and 
knowledge gained from the pursuit of HBOCs. This vast body of knowledge should 

be reviewed critically and systematically, including theoretical constructs, animal 
studies, mechanistic studies, and early-phase clinical trials before further phase 3 
trials are undertaken. As Stowell17 suggests, the unpredictable clinical response to 
HBOC therapy seen in animals and humans "highlights the somewhat embarrassing 

fact that we do not fully understand oxygen delivery and utilization." Until the 
mechanisms and potential toxicities of HBOC products are better understood, 
patients cannot be placed at unacceptable risk. If and when phase 1 through 3 

studies can be justified, initial studies should involve patient populations who would 
benefit the most—namely, trauma patients who require out-of-hospital 
resuscitation, where blood is not accessible or available.  

Given the safety of the blood supply, availability of blood products, and 
technologies to minimize transfusion, it does not seem prudent to study use of 

HBOCs in elective surgical populations. Finally, although it is difficult to argue that 

transfusion avoidance supersedes mortality and myocardial infarction as an end 
point, the onus is on investigators and sponsors to demonstrate that HBOCs are at 
least as effective in reducing mortality or serious morbidity as the current standards 
of care.  

 
AUTHOR INFORMATION  

 

 

Corresponding Author: Dean A. Fergusson, MHA, PhD, Clinical Epidemiology 
Program, General Campus, Ottawa Health Research Institute, Box 201, 501 Smyth 
Rd, Ottawa, ON Canada, K1H 8L6 (dafergusson@ohri.ca ).  

Published Online: April 28, 2008 (doi:10.1001/jama.299.19.jed80027).  

http://jama.ama-assn.org/cgi/content/full/299.19.jed80027#REF-JED80027-15#REF-JED80027-15
http://jama.ama-assn.org/cgi/content/full/299.19.jed80027#REF-JED80027-16#REF-JED80027-16
http://jama.ama-assn.org/cgi/content/full/299.19.jed80027#REF-JED80027-17#REF-JED80027-17
mailto:dafergusson@ohri.ca


Financial Disclosure: Dr Fergusson reported being paid a 1-time $500 honorarium 
for attending an advisory board meeting for Hemosol Inc (Mississauga, Ontario, 
Canada). Dr McIntyre reported no financial disclosures.  

Editorials represent the opinions of the authors and JAMA and not those of the 
American Medical Association.  

Author Affiliations: Clinical Epidemiology Program Methods Centre (Dr 
Fergusson), Ottawa Health Research Institute, Ottawa, Ontario, Canada (Drs 
Fergusson and McIntyre); Clinical Epidemiology Program (Drs Fergusson and 

McIntyre), University of Ottawa Faculty of Medicine, Ottawa; and Epidemiology and 
Community Medicine, Ottawa (Dr Fergusson).  

 

REFERENCES  

 

 

1. Natanson C, Kern S, Lurie P, Banks SM, Wolfe SM. Cell-free hemoglobin-based 

blood substitutes and risk of myocardial infarction and death: a meta-analysis. 
JAMA. 2008;299(19):(doi:10.1001/jama.299.19.jrv80007). FREE FULL TEXT  

 

2. Busch MP, Kleinman SH, Nemo GJ. Current and emerging infectious risks of 
blood transfusions. JAMA. 2003;289(8):959-962. FREE FULL TEXT  

 

3. Hess JR, Macdonald VW, Gomez CS, Coppes V. Increased vascular resistance 

with hemoglobin-based oxygen carriers. Artif Cells Blood Substit Immobil 
Biotechnol. 1994;22(3):361-372. ISI | PUBMED  

 

4. Hess JR. Review of modified hemoglobin research at Letterman: attempts to 

delineate the toxicity of cell-free tetrameric hemoglobin. Artif Cells Blood Substit 
Immobil Biotechnol. 1995;23(3):277-289. FULL TEXT | ISI | PUBMED  

 

5. Smith CD, Schuschereba ST, Hess JR, McKinney LA, Bunch D, Bowman PD. Liver 

and kidney injury after administration of hemoglobin cross-linked with bis(3,5-
dibromosalicyl) fumarate. Biomater Artif Cells Artif Organs. 1990;18(2):251-261. 
ISI | PUBMED  

 

http://jama.ama-assn.org/cgi/content/full/299.19.jed80027#RREF-JED80027-1#RREF-JED80027-1
http://jama.ama-assn.org/cgi/ijlink?linkType=ABST&journalCode=jama&resid=299/19/2304
http://jama.ama-assn.org/cgi/content/full/299.19.jed80027#RREF-JED80027-2#RREF-JED80027-2
http://jama.ama-assn.org/cgi/ijlink?linkType=FULL&journalCode=jama&resid=289/8/959
http://jama.ama-assn.org/cgi/content/full/299.19.jed80027#RREF-JED80027-3#RREF-JED80027-3
http://jama.ama-assn.org/cgi/external_ref?access_num=A1994NZ32100001&link_type=ISI
http://jama.ama-assn.org/cgi/external_ref?access_num=7994360&link_type=MED
http://jama.ama-assn.org/cgi/content/full/299.19.jed80027#RREF-JED80027-4#RREF-JED80027-4
http://jama.ama-assn.org/cgi/external_ref?access_num=10.3109/10731199509117944&link_type=DOI
http://jama.ama-assn.org/cgi/external_ref?access_num=A1995QZ05400004&link_type=ISI
http://jama.ama-assn.org/cgi/external_ref?access_num=7493049&link_type=MED
http://jama.ama-assn.org/cgi/content/full/299.19.jed80027#RREF-JED80027-5#RREF-JED80027-5
http://jama.ama-assn.org/cgi/external_ref?access_num=A1990DD57200011&link_type=ISI
http://jama.ama-assn.org/cgi/external_ref?access_num=2369649&link_type=MED


6. Gould SA, Sehgal LR, Sehgal HL, Moss GS. The development of hemoglobin 

solutions as red cell substitutes: hemoglobin solutions. Transfus Sci. 1995;16(1):5-
17. FULL TEXT | ISI | PUBMED  

 

7. Center for Biologics Evaluation and Research. Points to consider in the safety 

evaluation of hemoglobin-based oxygen carriers. Transfusion. 1991;31(4):369-371. 
FULL TEXT | ISI | PUBMED  

 

8. Savitsky JP, Doczi J, Black J, Arnold JD. A clinical safety trial of stroma-free 
hemoglobin. Clin Pharmacol Ther. 1978;23(1):73-80. ISI | PUBMED  

 

9. Feola M, Simoni J, Canizaro PC, Tran R, Raschbaum G, Behal FJ. Toxicity of 

polymerized hemoglobin solutions. Surg Gynecol Obstet. 1988;166(3):211-222. ISI 
| PUBMED  

 

10. Clarke M, Hopewell S, Chalmers I. Reports of clinical trials should begin and end 

with up-to-date systematic reviews of other relevant evidence: a status report. J R 
Soc Med. 2007;100(4):187-190. FREE FULL TEXT  

 

11. Chalmers I, Matthews R. What are the implications of optimism bias in clinical 
research? Lancet. 2006;367(9509):449-450. FULL TEXT | ISI | PUBMED  

 

12. Hess JR, MacDonald VW, Brinkley WW. Systemic and pulmonary hypertension 

after resuscitation with cell-free hemoglobin. J Appl Physiol. 1993;74(4):1769-
1778. FREE FULL TEXT  

 

13. Sloan EP, Koenigsberg M, Gens D; et al. Diaspirin cross-linked hemoglobin 
(DCLHb) in the treatment of severe traumatic hemorrhagic shock: a randomized 
controlled efficacy trial. JAMA. 1999;282(19):1857-1864. FREE FULL TEXT  

 

14. Saxena R, Wijnhoud AD, Carton H; et al. Controlled safety study of a 

hemoglobin-based oxygen carrier, DCLHb, in acute ischemic stroke. Stroke. 

http://jama.ama-assn.org/cgi/content/full/299.19.jed80027#RREF-JED80027-6#RREF-JED80027-6
http://jama.ama-assn.org/cgi/external_ref?access_num=10.1016/0955-3886%2895%2993436-A&link_type=DOI
http://jama.ama-assn.org/cgi/external_ref?access_num=A1995QM02800003&link_type=ISI
http://jama.ama-assn.org/cgi/external_ref?access_num=10155705&link_type=MED
http://jama.ama-assn.org/cgi/content/full/299.19.jed80027#RREF-JED80027-7#RREF-JED80027-7
http://jama.ama-assn.org/cgi/external_ref?access_num=10.1046/j.1537-2995.1991.31491213306.x&link_type=DOI
http://jama.ama-assn.org/cgi/external_ref?access_num=A1991FK31600022&link_type=ISI
http://jama.ama-assn.org/cgi/external_ref?access_num=2021002&link_type=MED
http://jama.ama-assn.org/cgi/content/full/299.19.jed80027#RREF-JED80027-8#RREF-JED80027-8
http://jama.ama-assn.org/cgi/external_ref?access_num=A1978EJ55100011&link_type=ISI
http://jama.ama-assn.org/cgi/external_ref?access_num=618711&link_type=MED
http://jama.ama-assn.org/cgi/content/full/299.19.jed80027#RREF-JED80027-9#RREF-JED80027-9
http://jama.ama-assn.org/cgi/external_ref?access_num=A1988M333100004&link_type=ISI
http://jama.ama-assn.org/cgi/external_ref?access_num=3344450&link_type=MED
http://jama.ama-assn.org/cgi/content/full/299.19.jed80027#RREF-JED80027-10#RREF-JED80027-10
http://jama.ama-assn.org/cgi/ijlink?linkType=ABST&journalCode=jrsm&resid=100/4/187
http://jama.ama-assn.org/cgi/content/full/299.19.jed80027#RREF-JED80027-11#RREF-JED80027-11
http://jama.ama-assn.org/cgi/external_ref?access_num=10.1016/S0140-6736%2806%2968153-1&link_type=DOI
http://jama.ama-assn.org/cgi/external_ref?access_num=000235394500004&link_type=ISI
http://jama.ama-assn.org/cgi/external_ref?access_num=16473106&link_type=MED
http://jama.ama-assn.org/cgi/content/full/299.19.jed80027#RREF-JED80027-12#RREF-JED80027-12
http://jama.ama-assn.org/cgi/ijlink?linkType=ABST&journalCode=jap&resid=74/4/1769
http://jama.ama-assn.org/cgi/content/full/299.19.jed80027#RREF-JED80027-13#RREF-JED80027-13
http://jama.ama-assn.org/cgi/ijlink?linkType=ABST&journalCode=jama&resid=282/19/1857
http://jama.ama-assn.org/cgi/content/full/299.19.jed80027#RREF-JED80027-14#RREF-JED80027-14


1999;30(5):993-996. FREE FULL TEXT  

 

15. Dickersin K, Rennie D. Registering clinical trials. JAMA. 2003;290(4):516-523. 
FREE FULL TEXT  

 

16. DeAngelis CD, Drazen JM, Frizelle FA; et al, International Committee of Medical 

Journal Editors. Clinical trial registration: a statement from the International 

Committee of Medical Journal Editors [published online September 8, 2004]. JAMA. 
2004;292(11):1363-1364. FREE FULL TEXT  

 

17. Stowell C. Blood substitutes: time for a deep breath. Transfusion. 
2008;48(4):574-575. FULL TEXT | ISI | PUBMED  

 

 

 

RELATED ARTICLE  

 

Cell-Free Hemoglobin-Based Blood Substitutes and Risk of Myocardial 

Infarction and Death: A Meta-analysis 

Charles Natanson, Steven J. Kern, Peter Lurie, Steven M. Banks, and Sidney M. 
Wolfe  
JAMA. 2008;299(19):2304-2312.  
ABSTRACT | FULL TEXT    

 
 

THIS ARTICLE HAS BEEN CITED BY OTHER ARTICLES  

 

Hemoglobin-Based Blood Substitutes and Risk of Myocardial Infarction and 

Death 

Levien et al. 
JAMA 2008;300:1295-1295. 
FULL TEXT    

Hemoglobin-Based Blood Substitutes and Risk of Myocardial Infarction and 

Death 

http://jama.ama-assn.org/cgi/ijlink?linkType=ABST&journalCode=strokeaha&resid=30/5/993
http://jama.ama-assn.org/cgi/content/full/299.19.jed80027#RREF-JED80027-15#RREF-JED80027-15
http://jama.ama-assn.org/cgi/ijlink?linkType=ABST&journalCode=jama&resid=290/4/516
http://jama.ama-assn.org/cgi/content/full/299.19.jed80027#RREF-JED80027-16#RREF-JED80027-16
http://jama.ama-assn.org/cgi/ijlink?linkType=FULL&journalCode=jama&resid=292/11/1363
http://jama.ama-assn.org/cgi/content/full/299.19.jed80027#RREF-JED80027-17#RREF-JED80027-17
http://jama.ama-assn.org/cgi/external_ref?access_num=10.1111/j.1537-2995.2008.01675.x&link_type=DOI
http://jama.ama-assn.org/cgi/external_ref?access_num=000254277500001&link_type=ISI
http://jama.ama-assn.org/cgi/external_ref?access_num=18366459&link_type=MED
http://jama.ama-assn.org/cgi/content/abstract/299/19/2304
http://jama.ama-assn.org/cgi/content/full/299/19/2304
http://jama.ama-assn.org/cgi/content/full/300/11/1295


Sauaia et al. 
JAMA 2008;300:1297-1297. 
FULL TEXT    

Hemoglobin-Based Blood Substitutes and Risk of Myocardial Infarction and 

Death 
Sarani and Gracias 
JAMA 2008;300:1297-1298. 
FULL TEXT    

 
 
 
 

  

 

http://jama.ama-assn.org/cgi/content/full/300/11/1297
http://jama.ama-assn.org/cgi/content/full/300/11/1297-a



