Blood Transfusion in Trauma and Critical Care – Evidentiary Table 
	Title
	Author
	Class
	Notes

	Effect of blood transfusions on subsequent kidney transplants. Transplant Proc 5:253-9 
	1972 Opelz G 
	2
	Transplant study

	Volume resuscitation in critical major trauma. J Royal Coll Surg Edinburgh 20:166-73 
	1975 Gill W 
	3
	Expert Review of volume resuscitation in trauma patients. No study performed

	Transfusion practices in trauma patients. West J Med 123:64-8 
	1975 Sheldon GF 
	3
	Discussion panel

	Fluid therapy in the critically injured patient. J Oral Surg 34:542-6 
	1976 Bergman SA 
	3
	This is a review article based on their experience, which they don't present in any significant fashion.  It is an old article (1976) back when the debate of crystalloid vs colloid for resuscitation was first brewing.  They do site the references for transfusion of FFP and platelets and give the guidelines for that, but overall I do not see how this article would be relevant to this PMG.

	The relationship between transfusion and hypoxemia in combat casualties. Ann Surg 188:513-20 
	1978 Collins JA 
	3
	A retrospective review from the Vietnam war on the effects of blood transfusion on hypoxemia.  When soldiers sustained peripheral injuries there was no statistical significance in hypoxemia for patients who did or did not receive blood despite the amount.  For soldiers with abdominal injuries there also was not a statistically significant difference between those transfused and those not transfused, though those heavily transfused had lower means on POD #2 & #3.  Those with thoracic wounds were significantly more hypoxemic than both of the other groups pre-op and those receiving blood were statistically more hypoxemic post-op than those who didnt receive blood.  This may be explained by the nature of the injury itself.  Overall this paper suggests that blood transfusion does not alter the lungs function to oxygenate blood but does discuss possible causes of hypoxemia due to blood transfusion.  The one thing that was not mentioned in the methods was if supplemental oxygen was utilized in any of these patients if even available which will affect PaO2.

	Transfusion therapy in trauma: a review of the principles and techniques used in the MIEMS program. [Review] Am Surg 45:109-25 
	1979 Sohmer PR 
	3
	Good review article

	Transfusion practices in emergencies. Prog in Clin & Biol Res 108:285-301 
	1982 Anonymous 
	3
	Not a study. Discussion of practice. Conclusion is stop the bleeding

	Primary hemostasis after massive transfusion for injury. Am Surg 48:393-6 
	1982 Harrigan C 
	2
	1) Thrombocytopenia did not correlate either # of transfusions, age of blood or duration of shock  2) Platelet counts returned to normal during the postoperative phase and then suprnormal in the convalescent phase 3) Bleeding times were elevated in all patients during operation and did not normalize untill late in the convalescent phase

	Failure of RBC transfusion to increase oxygen transport or mixed venous PO2 in injured patients. J Trauma 22:741-6 
	1982 Shah DM 
	2
	Prospective, non-blinded. Transfusion of stored blood resulted in 1. rise of Hg 0.9 and 1 g/dL respectively. 2) fall in cardiac index 3) fall in P50 of 4.1 Torr 4) No change in O2 delivery or consumption

	Massive blood transfusion in acute trauma. Transfusion 23:404 
	1983 Courcy PA 
	3
	Conclusion:  Although massive transfusions are commonly associated with severe sequelae, these complications are not inevitable and the quantity of components administered may be given with minimal morbidity and survival.

This article is a Letter to the Editor and constitutes expert opinion only.  The letter was written in response to another article we are reviewing:  Sohmer 1979.

	Resuscitation of trauma patients with type-specific uncrossmatched blood. J Trauma 24:327-31 
	1984 Gervin AS 
	3
	Conclusion:  Type-specific uncrossmatched blood is safe and is a rapidly available alternative to crossmatched blood in the severely hypovolemic trauma patient.

This article is a retrospective study.  Although the data is sparse, the hypothesis and results support the conclusion of direct and immediate safety demonstrated by lack of transfusion reactions.  The indications for using type-specific uncrossmatched blood was not studied.

	Serial changes in primary homeostasis after massive transfusion. Surg 98:836-44 
	1985 Harrigan C 
	2
	Conclusion:  The routine administration of platelets in injured patients in the OR after a minimum of 10 transfusions without "medical bleeding" is unwarranted.

Although this is a prospective study, the study group appears to be a convenience sample.  While 5/22 (23%) patients died and all were in shock for an average of 47 min., no patient had clinical bleeding after 10 transfusions.  The range of platelet counts was 58K - 250K.  Since no patient had a platelet count < 58K, the conclusions are only valid for patients with platelet count >58K.

	Whole blood in trauma resuscitations. Am J Emerg Med 3:358-9 
	1985 Iserson KV 
	3
	This is an editorial that supports using whole blood, rather than PRBCs in trauma resuscitation.  Points for:  more volume, more clotting factors, regular crit and less lysis, longer PRBC life, less cost, antibacterial components present.  Points against:  decreased factors V and VIII, hypocalcemia, and most importantly logistic problems with outdating and wasting other components.

	Review of problems of massive blood transfusion in surgical intensive care unit. Ann Acad Med, Singapore 14:175-84 
	1985 Lee TL 
	2
	Retrospective review of massively trasnfused surgical patients.  Results:  n=29, rec'd from 2.3 to 12.4L (mean 5.2L) of primarily whole blood.  17 in "shock", 12 "non-shock".  In non-shock patients the level of acidosis did correlate with transfusion but it did not in the shcok patients.  Deficiency in V and VIII did not cause impaiment of hemostasis clinically.  All patients had at least mild thrombocytopenia 24 hours after transfusion.  No hyperkalemia was observed, in fact hypokalemia was observed in 53.6% pts.  Overall, massive tranfsuion of whole blood appears to be less disturbing to acid base balance and coagulopathy then one would think, especially considering 20 of the 29 patients had at least their entire blood volume replaced.  

	Medical Vampires N Eng J Med 314:1250-1 
	1986 Burnum JF 
	3
	Editorial that basically says we draw too much blood from our pts in the ICU...no kidding!  A study in 1986 demonstrated that 2 units were remove on average while pt is in ICU!.  Best solution, don't admit pt to ICU if you can avoid it.

	Immediate trauma resuscitation with type O uncrossmatched blood: a two-year prospective experience. J Trauma 26:897-902 
	1986 Schwab CW 
	3
	Use of Type O blood used as initial blood replacement until fully crossmatched blood was available. 83 patients received 880 units of blood, 330 units were uncrossmatched (3.9 units/pt). There was no incidence of transfusion reaction, and there were no reported blood unit imcompatibilities or subsequent typing difficulties. Conc: Type O blood can be universally transfused, is readily available and does not interfere with subsequent blood typing and transfusion.

	Outcome of massive transfusion exceeding two blood volumes in trauma and emergency surgery. J Trauma 27:903-10 
	1987 Phillips TF 
	3
	Retrospective analysis of 56 patients sustaining massive transfusion (MT) (two times the estimated blood volume). Failure to control hemorrhage at the initial operation seemed to be most closely associated with nonsurvival. There were no survivors of MT from blunt trauma and nontraumatic causes. No tests differentiated those patients who would develop coagulopathy, leaving authors to suggest prophylaxis with FFP and platelets. Blunt trauma patients were more likely than penetrating trauma patients to develop respiratory failurs. Septic complications were the most common complication in survivors.

	Severity of anaemia and operative mortality and morbidity. Lancet 1:727-9 
	1988 Carson JL 
	3
	Case controlled study of patients undergoing surgery who refused blood transfusion on religious grounds. Outcome measures, inhospital mortality and serious cardiac events. Mortality increased with declining Hb level, with patients 16 times more likely to die if preop Hb was <8g/dl. Mortality increased with increasing intraoperative bloodloss. Preoperative Hb and intraoperative bloodloss were independent risk factors. No patient with a preoperative Hb >8 and intraoperative bloodloss < 500 died. Concl: The practice of transfusing all patients to Hb 10g/dl preoperatively should be re-examined, as preoperative Hb alone is an inadequate index of perioperative risk, and the amount of intraoperative bloodloss should also be considered.

	Perioperative RBC transfusion. JAMA 260:2700-3 
	1988 Office of Medical Applications of Research, National Institutes of Health 
	3
	Panel review of a day long conference on  the subject

	Algorithms for evaluating the appropriateness of blood transfusion. Transfusion 29:298-303 
	1989 Coffin C 
	3
	Restrospective review of evidence based transfuion guideline

	Evaluation of the appropriateness of blood and blood product transfusion using preset criteria. Transfusion 29:473-76 
	1989 Mozes B 
	3
	Retrospective review of the appropriateness of blood and blood product transfusion

	Multiple blood transfusions reduce the recurrence rate of Crohn's disease. Dis Colon Rectum 32:749-53 
	1989 Peters WR 
	3
	Lower recurrence rates of crohns dz patients possibly because of significant immunosuppression from multiple transfusions

	Blood transfusion and postoperative infections. Transfusion 29:456-59 
	1989 Tartter PI 
	3
	Blood transfusion is associated with increased risk of infection by an unknown mechanism.  In emergency situation, blood transfusion may be necessary, but avoid blood transfusion unless absolutely necessary.

	Collection and transfusion of blood and blood components in the United States. Transfusion 33:139-44 
	1989 Wallace EL 
	2
	Review of data from AABB, ARC and Council of Community Blood Centers.  Documented 1.2% increase blood supply form 1987 to 1989.  Margin between blood supply and blood demand narrowing.

	Immediate prediction of blood requirements in trauma victims. South Med J 82:186-9 
	1989 West HC 
	3
	This is a class II study.  However for the question being asked in the study, it probably is still helpful.  The authors colclude that trauma score is the best predictor of transfusion.  Patients with a TS score greater than 14 should have only type and screen.  Those with a TS less than or equal to 14 should have immediate crossmatch of six units of PRBC'S.  This strategy saves a significant amount of $, as well as significantly reduces blood bank inventories, in addition to reduction of lab personnel man-hours and days of wasted of blood shelf life.  

	Cardiovascular and metabolic response to RBC transfusion in critically ill volume-resuscitated nonsurgical patients. Crit Care Med 18:940-4 
	1990 Dietrich KA 
	2
	This is a study of 32 patients with circulatory shock who received RBC transfusion for anemia after volume resuscitation.  Patients were transfused if the Hgb was <10 g/dl with a volume estimated to increase the Hgb concentration by 3 g/dl.  Hemodynamics were followed.  Hgb and oxygen delivery increased, pulmonary artery wedge pressure and cardiac index were unchanged, and there was no significant change in Vo2 or lactate after transfusion.  Oxygen-carrying capacity did not improve the degree of shock in these patients.  The authors further conclude that the need for RBC transfusion after volume resuscitation cannot be based on currently available hemodynamic or cellular metabolic data.  These patients were non-surgical, with cardiogenic shock and septic shock.  The responses to transfusion according to type of shock were comparable to the group as a whole.

	Hypothermia and acidosis worsen coagulopathy in the patient requiring massive transfusion. Am J Surg 160:515-8 
	1990 Ferrara A 
	3
	This is a retrospective study of records of 45 trauma patients.  The authors confirm current and commonly accepted principles of resuscitation that hypothermia and acidosis are bad and contribute to bleeding and a high mortality.   

	Elective surgery without transfusion: Influence of preoperative Hb level and blood loss on mortality. Am J Surg 159:320-4 
	1990 Spence RK 
	3
	Retrospective study done in Jehovah’s Witnesses undergoing elective surgery.  Operative blood loss has nore of an influence on mortality after elective surgery than does preoperative Hb.  Mortality is 8.2% when operative blood loss is >500 cc vs 0% for blood loss <500 cc.  Mortality is 3.2% when preoperative Hb > 10 g/dl vs 5% when preoperative Hb is between 6-10 g/dl.

	Blood transfusion costs: A multicenter study. Transfusion 31:318-23 
	1991 Forbes JM 
	2
	Multicenter study involving 19 hospitals to determine the cost of delivering a unit of blood to a hospitalized patient.  Weighted average hospital charge per unit was $219.  Total cost to transfuse a unit of blood was $155.  80% of this cost is due to acquisition costs and laboratory processing costs.

	Massive transfusion: outcome in blunt trauma patients. J Trauma 31:1-7 
	1991 Wudel JH 
	2
	To define survival rates in blunt trauma patients requiring more than 20 units of PRBC.

The factors which predicted an increased mortality in blunt trauma patients receiving more than 20 units PRBC (massive transfusion) included: age, presence of closed head injury, and presence of shock.  Survival rate was 50%.  75% of those surviving led productive work lives.

	Practice strategies for elective blood cell transfusion. Ann Intern Med 116:403-06 
	1992 American College of Physicians 
	3
	Guideline; Expert opinion based on published evidence.  No automatic threshold value; transfuse on a unit-by-unit basis; transfuse to relieve symptoms in acute blood loss only after volume repletion with crystalloid; consider erythropoietin for anemia associated with chronic disease.

	Reevaluation of current transfusion practices in patients in surgical intensive care units. Am J Surg 164:22-5 
	1992 Babineau TJ 
	2
	Prospective cohort study;  Evaluated the impact of PRBCs transfusion (administered for a Hb concentration less than 10 g/dL) on oxygen consumption in 30 surgical ICU pts who were euvolemic and hemodynamically stable. For the group as a whole, transfusion had a negligible effect on oxygen consumption. Fifty-eight percent of all such transfusions failed to change oxygen consumption by greater than 10% and could therefore be considered of questionable benefit.

	Association between blood transfusion and infection in injured patients. J Trauma 33:659-61 
	1992 Edna TH 
	2
	Prospective; eval relation of infections to PRBC Tx; logistic regression; relationship between blood Tx and infection was independent of other factors; PRBC (saline-adenine-glucose-mannitol preservative); 484 pts; 46 infections (26 UTI), wound,pneumonia, sepsis (pneumonia definition included only clinical signs and an infiltrate); no association between PRBC and mortality

	Postoperative infections following autologous and homologous blood transfusions. Transfusion 32:27-30 
	1992 Mezrow CK 
	2
	Retrospective case controlled study;100 pts undergoing same surgery, 50 autologous blood, 50 homologous; all infections documented with Cx; logistic regression; homologous pts had longer procedures with higher EBL, and received more units PRBC; 16% homologous + infections, 4% autologous p<0.05; less risk of infection in autologous group may be due to uncontrolled differences in the groups and not the source of PRBC

	Infection after injury: association with blood transfusion. Am Surg 58:104-7 
	1992 Rosemurgy AS 
	3
	Retrospective study. Pts with 7 or more units rbc transfused had higher iss, higer rates of single and multiple infections, and more serious infections. The infectious risk apprears to increases with increased blood transfusions

	Gastric tonometry in patients with sepsis: effects of dobutamine infusion and packed RBC transfusions. Chest 102:184-8 
	1992 Silverman HJ 
	3
	Retrospective study. In septic pts, Dobutamine infusion increases pHi, while PRBC does not. 

	Prudent strategies for elective RBC transfusion. Ann Intern Med 116:393-402 
	1992 Welch HG 
	3
	Older review article. Although studies show human tolerance of anemia, transfusion practices vary widely. They concluded that transfusion practices should be guided by clinical situation.

	Blood transfusion increases the risk of infection after trauma. Arch Surg 128:171-7 
	1993 Agarwal N 
	3
	This is a multicenter retrospective analysis of 5434 patients over a 2 year period.  Data were analyzed for independent risk factors for infection following trauma.  Statistical analysis of the data is plentiful and complicated.  The results suggest that ISS and amount of blood received were the only two variables that were significant predictors of infection across groups.  The major limitations of the study is that it is retrospective, infections are defined based upon medical record coding, and data regarding other blood component therapy was not available.  This study supports other, better conducted studies, regarding transfusion and the risk of infection in trauma.

	Blood conservation in critical care--the evidence accumulates. Crit Care Med 21:481-82 
	1993 Chernow B 
	3
	This editorial discusses the potential importance of four articles published in the same issue as the editorial in Critical Care Medicine.  The articles revolve around the concept of blood conservation.  Two discuss in-line blood gas determinations and two discuss the use of in-line reservoirs to avoid the practice of discarding blood.  These are the authors opinions.

	Descriptive analysis of critical care units in the United States: patient characteristics and intensive care unit utilization. Crit Care Med 21:279-91 
	1993 Groeger JS 
	3
	This is a survey from 2876 separate ICUs in 1706 hospitals in the United States.  The study is essentially a snapshot of a day in all the ICUs in the United States.  The census tool was developed by the SCCM with implementation and database development performed by an outside agency.  The overall census response was 40%.  Occupancy data, admission source, age, treatments, length of stay/transfers were reported by respondents.  Differences between pediatric and adult units are discussed.

	Effects of blood transfusion on oxygen transport variables in severe sepsis. Crit Care Med 21:1312-8 
	1993 Lorente JA 
	1
	16 patients with severe sepsis and hgb <10 were enrolled. in patients with  an abnormal DO2-dependent VO2 as shown by increases in VO2 brought about by an infusion of dobutamine blood transfusion does not significantly increase VO2 despite significant changes in DO2

	Effect of stored-blood transfusion on oxygen delivery in patients with sepsis. JAMA 269:3024-9 
	1993 Marik PE 
	2
	Prospective study to determine the affect of RBC transfusion on GI and whole body O2 uptake. 23 pts. with sepsis on mechanical ventilation. Failed to demonstrate a beneficial effect of RBC transfusion on measured systemic O2 uptake. Patients receiving old blood (> 15 days)developed evidence of splanchnic ischemia

	Relationship between postoperative anemia and cardiac morbidity in high-risk vascular patients in the intensive care unit. Crit Care Med 21:860-6 
	1993 Nelson AH 
	2
	27 patients undergoing infra-inguinal arterial bypass. 13/27 pts with HCT< 28. 10/13 hand psotop ischemia and 6 had morbid cardiac event. Patients with > HCT 28% (14) only 2 had myocardial;ischemia and ) deaths P=0.001

	Perioperative blood transfusion and colorectal cancer recurrence: a qualitative statistical overview and meta-analysis. Transfusion 22:754-65 
	1993 Vamvakas E 
	
	never received this ariticle and could not find it on Pub Med or MD consult

	The effects of massive transfusion and haptoglobin therapy on hemolysis in trauma patients. Surg Today 24:785-90 
	1994 Gando S 
	3
	A retrospective review out of Japan from 1989-1991 that analyzed if patients who received massive transfusions had a lower likelihood of acute renal failure if they were given haptoglobin.  This is a poorly done study.  There was no randomization and those who received haptoglobin had received nearly 3x the amount of blood transfusion compared with those who didnt.  They do not mention anything about when they reached endpoints of resuscitation or how they decided that the patient had been resuscitated.  Patients are more likely to have ARF from inadequate renal perfusion after massive transfusion than from hemolysis or at least the two combined put the patient at great risk.  There results suggested that there was no improvement in reducing the likelihood of ARF if haptoglobin was given.  

	The necessary and the unnecessary transfusion: A critical review of reported appropriateness rates and criteria for red cell transfusions. Transfusion 34:110-5 
	1994 Hasley PB 
	3
	Interesting review of 9 studies that evaluated the appropriate or inappropriate use of red cell transfusions.  As of the late 1980's there was a significant amount of inappropriate transfusion rates (as high as 57.3%). Studies in which explicit criteria were establsihed for transfusion had a higher incidence of inappropriate transfusions.  When a second implicit evaluation (chart review examining a subjective sense of the standard of care), the incidence of inappropriate use declined.  Appropriateness rates were 88-90% in studies looking at appropriateness (only explicit criteria for transfusion were developed) and inappropriate rates of 0.3%-57% occured in studies looking at inappropriateness (post-transfusion criteria determined inappropriateness).  These studies all occured prior to the American College of Physicians recommendations for RBC transfusion in 1992.

	Does blood transfusion increase the risk of infection after hip fracture? J Orthop Trauma 11:260-5 
	1994 Koval KJ 
	2
	blood transfusion is a independant risk factor for the development of urinary tract infection in elderly patients treated operatively for hip fracture

	Erythropoietin response to critical illness. Crit Care Med 22:821-6 
	1994 Krafte-Jacobs B 
	2
	Observational. Erythropoetin levels in critically il, acutely anemic children are much lower than in chronically ill children with same level of anemia

	Massive blood loss in trauma patients. The benefits and dangers of transfusion therapy. [Review] Postgrad Med 95:61-2, 67-72 
	1994 Phillips GR 3rd 
	3
	Review. Expert opinion. 1) Transfusion is necessary in massive blood loss to restore oxygen delivery to tissue. 2) Adverse consequences of transfusion include a) hypothermia b) coagulopathy c) hypocalcemia d) hyperkalemia e)hemolysis

	Guidelines for blood utilization review. Transfusion 34:438-48 
	1994 Stehling L 
	3
	Conclusion:  Each transfusion committee, or its equivalent, is responsible for developing its own institutional blood utilization procedures and audit criteria.

This article is an informational review on utilization review of blood transfusion practices.  Discussion and recommendations address examples of areas and procedures for review.  No clinical data is studied in this article.

	A prospective, randomized trial of pretransplant blood transfusions in cadaver kidney transplant candidates. Transpl Int 7:S243-6 
	1994 Vanrenterghem Y 
	1
	Conclusion:  Pretransplant blood transfusions facilitate graft acceptance, even in the setting of good HLA matching and with cyclosporine as the basic immunosuppressant.

Although this study is a PRCT, the study population was chronic renal failure patients awaiting transplantation and has little relevance to trauma patients.  In the control group, patients received no blood transfusion, while in the experimental group, patients received at least three random blood transfusions without any indication or need.  NO hematocrit measurements are reported.  While patient and graft survival were significantly higher in the transfused group, there is no data to show that pretransplant anemia was not a confounding variable in the control group.

	Morbidity Risk Assessment in the Surgically Anemic Patient Am J of Surgery 170, Number 6 32S-36S 
	1995 Carson JL 
	3
	Review and opinion article

	Alternatives to Allogenic Blood Use in Surgery:Acute Normovolemic Hemodilution and Preoperative Autologous Donation Am J of Surgery 170, Number 6A 49S-52S 
	1995 D'Ambra MN 
	3
	Review article. Acute normovolemic hemodilution (ANH) is less expensive than Preoperative autologous donation (PAD), and preserves blood components better. ANH decreases the need for homologous transfusion, and has been used in electice surgery, orthopedic, cardiac and general surgical procedures. In ANH, oxygen delivery can be preserved with hematocrits as low as 15% if normovolemia is maintained.

	RBC transfusion in the ICU. Is there a reason? Chest 108:767-71 
	1995 Corwin HL 
	3
	Retrospective chart review

	Erythropoises, Erthyropoietin and Iron Metabolism in Elective Surgery: Preoperative Strategies for Avoiding Allogenic Blood Exposure Am J of Surgery 170, Number 6A 37S-43S 
	1995 Goldberg MA 
	3
	Good review article and case reports

	Legal Considerations in the Surgically Anemic Patient Am J of Surgery 170, Number 6A 27S-31S 
	1995 Goldman EB 
	3
	Review article: Consent issues regarding surgery and transfusion. Blood shield laws hold that there can be liability for a transfusion only if there has been negligence in collecting or transfusing the blood. This negligence may include whether the transfusion was necessary.

	Establishing Practice Guidelines for Surgical Blood Management Am J of Surgery 170, Number 6A 16S-20S 
	1995 Goodnough LT 
	3
	Good review and develops a guideline for transfusion in cardiac surgery patients.   A lot of what we know about perioperative transfusion comes from data in cardiac surgery patients.  The authors emphasize that physiologic parameters are more important then actual hematocrit levels to establish "triggers" for transfusion.  They estimate that as many as 75% of transfusions in CABG pts could be avoided.  Suggested "triggers":  hgb 6 in well compensated CABG pts, hgb 8 in most CABG pts, and hgb 10 in pts with fixed cardiac outpup, age > 65 or symptomatic cerebrovascular disease.  Limits of hemodilution should include:  hgb of 4, extraction ratio of 44%, mVO2 34 and mv sat of 58%.  NIH isn't a lot of help.  Their consensus was most pts hgb < 7 need transfusion while most > 10 do not.  For hgb 7 to 10 authors suggest looking at physiologic parameters with SV02 being most important.  

	A Physiologic Basis for RBC Transfusion Decisions Am J of Surgery 170, Number 6A 44S-48S 
	1995 Greenburg AG 
	3
	Review article: Morbidity and mortality associated with impaired oxygen delivery are due to a combination of anemia and hypovolemia. Maintenance of oxygen delivery should be the primary therapeutic goal of RBC transfusion. Oxygen delivery may be augmented by changes in cardiac output (increased preload and contractility, and decreased afterload). This may be limited by coronary artery disease. Parameters reflecting tissue perfusion changes at critical oxygen delivery point include increased lactate and increased oxygen extraction. Endpoints of poor tissue perfusion appear to be oxygen extraction greater than 30%, icreased blood lactate, global oxygen delivery less than 10-12 ml/kg/min. Conl: The decision to transfuse should be based on intravascular volume, duration and extent of anemia, and the presence of physiologic factors that affect cardiopulmonary function and circulation.

	Transfusion requirements in critical care: A pilot study. JAMA 273:1439-44 
	1995 Hebert PC 
	2
	Prospective randomized trial of 69 patients divided nto restrictive vs. liberal transfusion groups. The restrictive group received a 48% relative decrease in units transfused and neither mortality nor the development of organ dysfunction

	Allogenic Transfusion Risks in the Surgical Patient Am J of Surgery 170, Number 6A 21S-26S 
	1995 Klein HG 
	3
	Excellent review of risks of transfusion, although somewhat dated now (1995).  Table 1 summarizes all the risks.  Good discussion on controversy of the immunosuppresive effects as well as the cancer recurrence effects of transfusion.  It appears that even in 1995 it was obvious that transfusion is immunosuppressive, cancer recurrence not as clear.

	Blood Management Practice Guidelines: Conference Highlights Am J of Surgery 170, Number 6A 1S-2S 
	1995 Polk HC 
	3
	Conclusion:  Eleven proposed policies as standards of care to be followed in the surgical setting.

This article reports the highlights from a multidisciplinary panel discussion conference.  The article states that the panel considered the relevant evidence, but the actual evidence-review process was not described.  Unfortunately, this brief article did not report any of the actual recommendations that resulted from the conference and did not provide a reference to the full guideline.  Therefore, any comments found in this brief review can only constitute expert opinion.

	Surgical Red Cell Transfusion Practice Policies Am J of Surgery 170, Number 6A 3S-15S 
	1995 Spence RK 
	3
	Review article

	Practice guidelines for blood component therapy: A report by the American Society of Anesthesiologists Task Force on Blood Component Therapy Anesthesiology 84:732-47 
	1996 American Society of Anesthesiologists Task Force on Blood Component Therapy 
	3
	Review article

	Effect of anaemia and cardiovascular disease on surgical mortality and morbidity. Lancet 348:1055-60 
	1996 Carson JL 
	3
	Retrospective study of patients undergoing surgery who refused blood transfusion.  Direct relationship between 30-day mortality and anemia: 33.3% mortality for patients with Hgb < 6 vs. 1.3% mortality for patients with Hgb > 11.  Mortality also increased in presence of cardiovascular disease.

	Admission base deficit predicts transfusion requirements and risk of complications. J Trauma 41:769-74 
	1996 Davis JW 
	2
	Retrospective evalluation of base deficit (BD) as predictor of blood transfusion requirements (n = 2954).  BD correlates with blood transfusion requirement: 72% with BD < 7 required transfusion vs. 18% with BD > 6.  Other shock-related complications (e.g., ARDS) also related to BD.  BD is an effective endpoint of resuscitation.  No other clinical criteria were used to describe patients specific to their need for transfusion (e.g., Hgb, vital signs, etc.).

	A safety and efficacy comparison study of two dosing regimens of epoetin alfa in patients undergoing major orthopedic surgery. Am J Orthop 25:544-52 
	1996 Goldberg MA 
	1
	Randomized controlled trial of 145 patients undergoing orthopedic arthroplasty comparing weekly Epoetin alfa versus daily dosing. Findings were as follows: Weekly dosing was as efficaciuous as the daily with similar safety

	Effect of transfusion on oxygen transport in critically ill patients. Shock 5:190-3 
	1996 Gramm J 
	2
	The authors transfused patients with PRBC who were septic, and followed hemodynamic changes.  Each patient received transfusion of 2 units of PRBC.  Their data seem to support their conclusion that augmenting oxygen delivery and uptake above normal without evidence of ischemia will not increase oxygen consumption by raising the Hb concentration, in septic patients.  


	Randomised comparison of leucocyte-depleted versus buffy-coat-poor blood transfuiosn and complications after colorectal surgery. Lancet 348:841-5 
	1996 Jensen LS 
	1
	This is a randomised, prospective comparison between patients receiving buffy-coat poor or filtered leucocyte-depleted blood, who were undergoing elective colorectal surgery.  The study was well designed, and the data support the conclusions.  The authors found that the frequency of infection in patients receiving leucocyte-depleted blood was similar to that of non-transfused patients.  They also state that their data support the contention that leucocytes have a critical role in the induction of transfusion-induced immunosuppression which predisposes to impared host defences.  Transfusion should include leucocyte depletion with high-efficiency filters.

	Cytokines in stored red blood cell concentrates: promoters of systemic inflammation and stimulators of acute transfusion reactions? Acta Anaesthesiol Scand 40:496-501 
	1996 Kristiansson M 
	2
	Controlled study investigating the concentrations of TNF, interleukin 1B, IL -6, and IL-8 in 16 units of prbcs. Variable results with limited conclusions

	Predicting life-threatening coagulopathy in the massively transfused trauma patient: hypothermia and acidoses revisited. J Trauma 42:857-62 
	1997 Cosgriff N 
	2
	Prospective evaluation of trauma patients who received >10 units PRBC within 24 hrs in order to identify those at risk for early life-threatening coagulopathy.

Of 58 patients, 27 (47%) developed coagulopathy.  Risk factors identified included: acidosis (pH<7.1), hypothermia (T<34 C), injury severity score>25 and hypotension (sBP<70 mmHg).  The conditional probability of developing coagulopathy was 98% if all four factors were present.

	Clinical utility of human polymerized hemoglobin as a blood substitue after acute trauma and urgent surgery. J Trauma 43:325-31 
	1997 Gould SA 
	2
	This is a prospective, non-randomized, open labeled FDA trial to evaluate the clinical utility of Poly SFH-P, a human polymerized hemoglobin substitute in urgent surgery and trauma.  Poly SFH-P is a sterile, pyrogen free, isotonic and iso-oncotic solution with a shelf life of 1 year.  One unit of Poly SFH-P is composed of 50 grams of hemoglobin in a 500 ml solution. 

39 patients received Poly SFH-P as part of their blood replacement after trauma and urgent surgery.  Total hemoglobin levels were maintained despite a decrease in red cell hemoglobin.  Oxygen utilization (extraction ratio) was better from Poly SFH-P than from the red cells.  59% of patients avoided PRBC transfusion during the first 24 hours.

	Does transfusion practice affect mortality in critically ill patients? Am J Respir Crit Care Med 155:1618-23 
	1997 Hebert PC 
	2
	Prospective observational cohort study; 4,470 critically ill pts; examined the impact of transfusion practice on mortality rates. As compared with survivors, pts who died in ICU had lower hemoglobin values (9.5 +/- 2.6 versus 10.4 +/- 2.3 g/dL, p < 0.0001) and were transfused red cells more frequently (42.6% versus 28.0%, p < 0.0001). In pts with cardiac disease, there was a trend toward an increased mortality when hemoglobin values were < 9.5 g/dL (55% versus 42%, p = 0.09) as compared with anemic pts with other diagnoses. Patients with anemia, a high APACHE II score (> 20), and a cardiac diagnosis had a significantly lower mortality rate when given 1 to 3 or 4 to 6 units of allogeneic red cells (55% [no transfusions] versus 35% [1 to 3 units] or 32% [4 to 6 units], respectively, p = 0.01). Adjusted odds ratio (OR) predicting survival were 0.61 (95% CI; 0.37 to 1.00, p = 0.026) after 1 to 3 units and 0.49 (95% CI; 0.23 to 1.03, p = 0.03) after 4 to 6 units compared with nontransfused anemic pts. In the subgroup with cardiac disease, increasing hemoglobin values in anemic pts was associated with improved survival (OR = 0.80 for each 10 g/L increase, p = 0.012). We conclude that anemia increases the risk of death in critically ill patients with cardiac disease. Blood transfusions appear to decrease this risk.

	Transfusion of red cells is associated with increased incidence of bacterial infection after colorectal surgery: a prospective study. Transfusion 37:126-34 
	1997 Houbiers JG 
	1
	PRCT; 697 patients with colorectal cancer, comparing transfusion of two types of red cell components (buffy coat-depleted packed red cells and white cell-reduced [filtered] packed red cells) and postoperative bacterial infection rates. Both types of red cells appeared to be associated with a greater incidence of postoperative infection than was no transfusion (39 vs. 24%, p < 0.01). A dose-response relationship could be demonstrated: the corrected relative risk was 1.6 for 1 to 3 units of red cells and 3.6 for more than 3 units. Multivariate analyses identified the transfusion of red cells and tumor location as the only significant independent risk factors for postoperative bacterial infection.

	Effect of transfusion on physiologic changes after resuscitated trauma. Surgery 122:534-45 
	1997 Lyden SP 
	1
	PRCT-animal; to test whether transfusion potentiated physiologic changes associated with fluid resuscitated trauma in controlled conditions. Anesthetized and ventilated mongrel pigs were subjected to soft-tissue injury plus 35% hemorrhage and 1 hour shock and then were resuscitated with either autologous (shed) or heterologous (cross-transfused) fresh whole blood. Leukocyte differential counts, T-lymphocyte subsets, neutrophil adherence molecule (CD18) expression, granulocyte oxidative burst, plasma cortisol, and serum chemistries were monitored in awake animals with indwelling catheters on 3 consecutive days. Changes were referenced to preinjury baseline values and to a control group that received heterologous transfusion but no shock. To determine whether these changes might have influenced host defense, a low-dose challenge with Escherichia coli endotoxin (lipopolysaccharide [LPS]; 1 to 2 micrograms/kg for 30 minutes) was administered on day 4. During recovery, neutrophil counts, neutrophil CD18 expression, and granulocyte oxidative burst were generally increased, but the changes were not potentiated by transfusion. Lymphocyte subpopulations remained relatively constant. Serum enzyme markers were elevated with trauma plus shed blood or trauma plus cross-transfusion, but they remained essentially unchanged after heterologous transfusion only. Plasma cortisol, a nonspecific index of stress, peaked at 3 to 6 times higher than baseline. The increases tended to be higher and later with heterologous transfusion only, relative to trauma plus shed blood or trauma plus cross-transfusion. The delayed LPS challenge evoked profound but transient pulmonary hypertension and leukopenia, followed by subsequent hypoxemia; the time courses and magnitude of these changes were similar in all groups.  If these measured variables before and after LPS challenge are a valid index of host defense in this species, then a 35% transfusion did not potentiate the risk for posttrauma immune dysfunction when the magnitude of injury was constant. Thus the predisposition to infection after human trauma might be due to cold storage of blood; separation of blood into components, or other transfusion-related practices rather than to transfusion per se.

	Blood transfusion. An independent risk factor for postinjury multiple organ failure. Arch Surg 132:620-4 
	1997 Moore FA 
	2
	Cohort study to determine if blood tx is a consistent risk factor for MOF, independent of other shock indexes.  513 trauma patients with ISS > 15. Conclusion Blood transfusion is an early consistent risk factor for postinjury MOF

	Association of mortality with age of blood transfused in septic ICU patients. Can J Anaesth 44:1256-61 
	1997 Purdy FR 
	3
	retrospective review all (31)  septic ICU pts did not include those with diagnosis of sepsis after admit to ICU; median age PRBC 17 days (survivors), median age PRBC 25 days (non-survivors) p<0.0001; correlation of mortality with age of PRBC; SCCM definition of sepsis; non-leukodepleted PRBC

	Iron B12 and folate deficiency in ICU patients [abstract]. Crit Care Med 25:A80 
	1997 Rodriguez RM 
	2
	abstract; all pts admitted to ICU screened (78); most had low Fe and TIBC, low Fe/TIBC, normal or elevated ferritin; recommend nutritional screening

	Erythropoietin response is blunted in critically ill patients. Intensive Care Med 23:159-62 
	1997 Rogiers P 
	2
	small study. Erythropoietin levels are lower in critically ill pts who have sepsis and/or renal failure. They did not study the use of epogen.

	Quality-of-life benefit in chemotherapy patients treated with epoetin alfa is independent of disease response or tumor type: results from a prospective community oncology study. Procrit Study Group. J Clin Oncol 16:3412-25 
	1998 Demetri GD 
	2
	Good study. Epoiten improved quality of life, increased hgb levels, and decreased transfusion use in cancer pts who receive chemo, independent of tumor response. Difficult to use this data to apply to trauma/sicu pts.

	Changes in red cell transfusion practice among adult trauma victims. J Trauma 44:583-7 
	1998 Farion KJ 
	3
	Retrospective study of trauma pts from 3 periods - 1991, 93, 95. There were reductions in number of pts recieving blood transfusions and total number of units transfused, showing a change in physician practices.

	High-dose recombinant human erythropoietin stimulates reticulocyte production in patients with multiple organ dysfunction syndrome. J Trauma 44:361-7 
	1998 Gabriel A 
	1
	This is a prospective randomized placebo controlled trial.  A total of 21 patients were enrolled of which 11 patients received high-dose EPO.  Two were ultimately excluded.  Groups were matched for age ICU LOS, LOS, mortality and APACHE.  There is no mention of the randomization method.  The study demonstrates an association between erythropoietic stimulation and pharmacologic EPO levels in patients with MODS and increased levels of cytokines.  There was no reduction in the number of PRBC transfusions.  The authors attribute this to the short duration of the study (3 weeks) and the potential lag in RBC stimulation from EPO.  It should be noted that there was a trend toward lesser transfusion.  The authors conclude that despite potential suppression by increased cytokine levels, the erythropoietic system remains responsive to high-dose erythropoietic therapy in humans during MODS.

	Transfusion and blood component therapy: key facts. J Emerg Nurs 24:368-70 
	1998 Harrahill M 
	3
	Review article at the most basic level.  Superficially reviews the indications for transfusion of PRBC, FFP, cryoprecipitate, and platelets.  There is a brief discussion of transfusion reactions.

	Perioperative myocardial ischemic episodes are related to hematocrit levels in patients undergoing radical prostatectomy. Transfusion 38:924-31 
	1998 Hogue CW Jr 
	2
	190 patients were assigned to 1 of 3 groups to assess the impact of perioperative anemia on episodes of myocardial ischemic events.  Patients were enrolled from two successive prospective randomized trials evaluating rhEPO.  Exclusion criteria are clear.  The randomization strategy is not mentioned at all (retrospectively analyzed data).  The only significant data is the statistically significant difference in anemia noted on POD#1 and the incidence of myocardial ischemia.  However, the authors make no attempt to control for heart rate.  The author's state "the method of blood conservation was not a significant predictor of perioperative ischemic events".  This makes the study a retrospective observational study.  The authors conclude that patients with postoperative ischemic ST-segment changes had lower hematocrit levels than did patients withour such changes.  There was a significant correlation between anemia and tachycardia.  Postoperative tachycardia and hematocrit levels <28% were independently associated with ischemic episodes on POD#1.

	Perioperative allogeneic blood transfusion does not cause adverse sequalae in patients with cancer: a meta-analysis of unconfounded studies. Br J Surg 85:171-8 
	1998 McAlister FA 
	
	

	Practice parameter for the use of red blood cell transfusions: developed by the red blood cell administration practice guideline development task force of the college of American pathologists. Arch Pathol Lab Med 122:130-8 
	1998 Simon TL 
	
	

	Beneficial effects of leukocyte depletion of transfused blood on postoperatve complications in patients undergoing cardiac surgery: a randomized clinical trial. Circulation 97:562-8 
	1998 van de Watering LMG 
	
	

	Is there a limit to massive blood transfusion after severe trauma? Arch Surg 133:947-52 
	1998 Velmahos GC 
	3
	A retrospective review examining if there is an endpoint to massive transfusion protocol.  Their data clearly indicates that there is no limit to MBT that predicts mortality.  Using multiple regression analysis they were able to identify three factors that predict mortality in patients receiving MBT: 1. aortic crossclamping 2. intraoperative inotropes 3. prolonged intraoperative hypotension (BP<90mmHg).  Only patients who received greater than 30 U of blood (PRBCs or whole blood) and had all three variables had a 0% survival, though there were only 13 patients that met these criteria (too small to make any definite conclusions).  As a note, they had survivors with 64 and 68 uints given during resuscitation and in the OR.

	Human cardiovascular and metabolic response to acute, severe isovolemic anemia. JAMA 279:217-21 
	1998 Weiskopf RB 
	2
	A prospective study without any form of randomization that evaluated acute anemia with Hb levels decreased in short period to 50g/L with simultaneous maintenance of intravascular volume in attempts to see if the acute anemia caused a critical oxygen delivery.  This was evaluated by looking changes in oxygen consumption and serum lactate levels.  Healthy subjects undergoing surgery with expected blood loss and healthy volunteers who were "bled out" were used.  Patients remained at rest throughout the investigation.  Results revealed that although there was a statistical increase in heart rate, increase in cardiac index, decrease in systemic vascular resistance, that there was no evidence of statistical value that a critical level of oxygen delivery was met.  

	Factors influencing the individual effects of blood transfusion on oxygen delivery and oxygen consumption. Crit Care Med 27:2194-200 
	1999 Casutt M 
	3
	A chart review of cardiothoracic patients who had pulmonary artery catheters in place and received blood transfusions in attempts to see if blood transfusions affect hemodynamic parameters.  Measurements were taken before and after transfusion (mean time of 360cc of blood was 5 hours).  They found that there was an increase in delivery but no increase in consumption for the group.  Cardiac index did not change nor did HR, and SVR. PVR increased.  just supported other papers which had the same results.

	Improved survival following massive transfusion in patients who have undergone trauma. Arch Surg 134:964-70 
	1999 Cinat ME 
	3
	Registry review. 1)There is increased survival (16% - 45%) in massively transfused patients over the last ten years 2) Differences in therapy b/w the groups were a) decrease in PRBCs to Platelets and PRBCs to FFP ratio (i.e. more FFP and Platelets infused per unit of PRBCs) b) More rapid rewarming of hyopothermic patients in the newer group c) more frequent use of damage control laparotomy

	Efficacy of recombinant human erythropoietin in the critically ill patient: a randomized, double-blind, placebo-controlled trial. Crit Care Med 27:2346-50 
	1999 Corwin HL 
	1
	EPO in dose of 300 U/kg SQ qD X5days and then qOD for 2 weeks or until d/c from ICU: 1) reduced total units transfused 2) increased # of patients free of transfusion (55-45%) 3)  raised Hg on final day of study by an average of 4.8 g/dL vs 1.4g/dL 4)  increased retic count as compared to placebo

	Impact of blood transfusion on inflammatory mediator release in patients undergoing cardiac surgery. Chest 116:1233-9 
	1999 Fransen E 
	2
	Observational. 1) transfusion of PRBCS causes significantly increased BPI and IL-6 but no difference in CRP and LBP 2)Patients transufsed had lower H/H pre-op and no sig differences post-op 3) Transfused patients had sig longer time on vent and sig longer ICU and total LOS

	Transfusion medicine. First of two parts--blood transfusion. N Engl J Med 340:438-47 
	1999 Goodnough LT 
	3
	Conclusion:  The use of blood transfusion has declined, in large part because of concern about the safety of the blood supply.

This is a comprehensive review article that includes discussion on trends, risks, and indications.  120 references are listed.  While many good recommendations are made in this article, the actual experimental design and conclusions that result from the data are needed to assess the evidence.  This article can only constitute expert opinion of the authors summarizing their review.

	A multicenter, randomized, controlled clinical trial of transfusion requirements in critical care. Transfusion Requirements in Critical Care Investigators, Canadian Critical Care Trials Group. N Engl J Med 340:409-17 
	1999 Hebert PC 
	1
	Conclusion:  A restrictive strategy of red-cell transfusion is at least as effective as and possibly superior to a liberal transfusion strategy in critically ill patients, with the possible exception of patients with acute myocardial infarction and unstable angina.

This article is a multicenter PRCT.  They recommend that critically ill patients receive red-cell transfusions when their hemoglobin concentrations fall below 7.0 g per deciliter and that hemoglobin concentrations should be maintained between 7.0 and 9.0 g per deciliter.  The diversity of patients enrolled in this trial and the consistency of the results suggest that the conclusions may be generalized to most critically ill patients.  Approximately 20% of study patients had trauma as primary diagnosis.  The cautionary exception to the rule in patients with active coronary ischemic syndromes is not supported by this study's data.  It is based upon two previously reported large observational cohort studies that had found that an increasing severity of anemia was associated with a disproportionate increase in mortality rates among patients with ischemic heart disease (Carson 1996 and Hebert - same author - 1997).  In the present study, instead, a significantly greater incidence of myocardial infarction and pulmonary edema resulted in the liberal-transfusion strategy group.

	Immunologic changes after transfusion of autologous or allogeneic buffy-coat-poor versus white cell-reduced blood to patients undergoing arthroplasty. I. Proliferative T-Cell responses and the balance of helper and supressor T cells. Transfusion 39:1089-9 
	1999 Innerhofer P 
	1
	Conclusion:  There is impaired T-cell-mediated immunity after allogeneic transfusion.

This article is a PRCT.  The reduction in T-cell proliferation in allogeneic transfusin patients was significant, but modest.  It appeared that postoperative imunocompetence was maintained, but blunted.  The only clinical outcome data reported is that of postoperative infection rate.  Although no statistical analysis was performed due to the small sample size, there was a trend toward increased infection rate in allogeneic transfusion patients.

	Survival of donor leukocyte subpopulations in immunocompetent transfusion recipients: frequent long-term microchimerism in severe trauma patients. Blood 93:3127-39 
	1999 Lee TH 
	2
	An extremely complicated basic science paper that I did not fully understand.  In order to better understand the mechanism(s) of alloimmunization and graft versus host disease these authors sought to examine the kinetics of specific donor WBC subsets in 8 female elective surgery patients and 10 female trauma patients.  Samples were analyzed at 1, 3, 5, 7, and 14 days post tx in the elective surgery pts and up to 1.5 years in the trauma pts.  WBC subsets were isolated using CD4 (T cell), CD 15 (myeloid) and cd19 (B cell) antibody magnetic beads.  Donor WBCs were counted by quantitative polymerase chain reaction.  Bottom line results:  there is transient persistence of transfused donor cells in immunocompetent surgery pts for several days after blood tx, while multiply transfused trauma victims had evidence of donor cell chimerism for up to 1.5 years after transfusion without evidence of GVHD...WOW!!

	Prestorage leukocyte filtration may reduce leukocyte-derived bioactive substance accumulation in patients operated for burn trauma. Burns 25:162-70 
	1999 Nielsen HJ 
	2
	Prospective, randomized controlled trial but small.  Tested hypothesis that prestorage leukocyte filtration would reduce bioactive substances in burn patients.  Group A were not filtered (n=12) and group B were filtered (n=12).  Similar amount of surgery required in both groups to excise and graft a mean TBSA of 22% in group A and  mean of 25% in group B.  Measured histamine, IL6, plasminogen activator inhibitor-1 (PAI-1), eosinophil cationic protein (ECP), and myeloperoxidase (MPO) in all patients in the perioperative period of their excision and grafting operation.  Filtration reduced the amount of blood products required (p<0.05).  ECP and MPO levels increased (p<0.05) in group A compared with unchanged ECP and reduced MPO in group B.  IL6 was more elevated after burn in the group B patients, perhaps because they had slightly more burn injury.  Conclusion:  Prestorage leukocyte filtration may reduce transfusion related accumulation of bioactive substances and the requirement for blood in burn patients.

	Massive transfusion in trauma. [Review] AACN Clin Issues 10:69-40 
	1999 Robb WJ 
	3
	A nursing article on massive transfusion protocol.  Is a fairly good review of the topic.  Mortality after receiving > 25 units in 24 hours has dropped from 93% to 50% in the last 30 years.  Interesting definitions for "death by exsanguination":  150mL/min blood loss for > 20 minutes, blood loss > 5L, replacement of entire blood volume in 24 hours or 1/2 blood volume in 3 hours.  Definition of the need for MTP:  > 4units PRBCs required in one hour with anticipation of further bleeding.  They recommned that a "transfusion specialist" be involved with MTP.  They do NOT advocate "transfusion triggers" and are fairly liberal with component replacement especially in blunt trauma pts.  FFP should be given for PT > 1.5x normal.  In their MTP, 2 units of FFP are given automatically after first 10 units PRBCs and then 1 unit FFP after every 5 units PRBCs.  Cryo given for microvascular bleeding and fibrinogen < 80-100.  DIlutional thrombocytopenia is earliest and most important source of coagulopathy and is compounded by acidosis, hypothermia, hypotension and high ISS.  In fact, pH < 7.1, temp < 34, ISS > 25 and systolic BP < 90 results in a 98% coagulopathy rate.  They of course advocate autotransfusion and claim it is safe even if face of contamination as long as proper washing is carried out.  The discussion on complications is similar, to the Klein paper.  

The Lehigh Valley MTP is initiated by surgeon or anesthesiologist in any pt with at least 30-40% loss of blood volume or who is judged to need 12 units PRBCs and is hemorrhaging at rate of 250mL/hour.  MTP pack is 6 units PRBCs, 4 units FFP and 6 units of platelets and this is delivered to patient every 30 minutes until further notice.  Criteria for stopping MTP are improving base deficit or reaching 100 units.  Blood is sent to lab before MTP and after every 2nd container is transfused.  After receiving > 20 units should monitor for hypothermia, hyperkalemia, hypocalcemia and impairment of oxygen transport.  

	Transfusion-related acute lung injury. Transfus Med Rev 12:177-86 
	1999 Silliman CC 
	3
	Review article: TRALI usually occurs within 6 hours of transfusion, with most cases occurring withing 1-2 hours. A rapid onset of fever, tachypnea, cyanosis and dyspnea. The mortality is low. A variety of etiologies of TRALI have been proposed, but the exact mechanism remains unknown.

	Important role of nondiagnostic blood loss blunted erythropoietic response in the anemia of medical intensive care unit patients. Crit Care Med 27:2630-9 
	1999 von Ahsen N 
	1
	Prospective clinical study evaluating causes of anemia in MICU. Predictors of transfusion included total amount of diagnostic bloodloss and a low hemoglobin on admission. The diagnostic bloodloss, although statistically significant, accounted for about one third of the bloodloss. The erythropoietin concentration and the reticulocyte count were inappropriately low for the level of anemia. There was also a blunted erythropoietin response.

	Age of transfused blood is an independent risk factor for postinjury multiple organ failure. Am J Surg 178:570-2 
	1999 Zallen G 
	2
	Single institution cohort study: The number of blood transfusions was an independent predictor of MOF.  The mean age of blood transfused and the mean number of units greater than 14 days was also greater in the group who had MOF.

	Erythropoietin use in the critically ill patient. Stiumulation of erythropoiesis is an effective alternative to blood transfusion. J Crit Illn 15:S5-S9 
	2000 Corwin HL 
	
	

	Blood transfusion in the first 24 hours after trauma is associated with higher risk for systemic inflammatory response syndrome (SIRS), ICU admission, and death [abstract]. Crit Care Med 28:A138 
	2000 Malone DL 
	3
	Abstract

	Free hemoglobin concentrations in patients receiving massive blood transfusion during emergency surgery for trauma. Can J Anaesth 47:881-5 
	2000 Nishiyama T 
	2
	Serum haptoglobin concentration decreased with transfusions > 1000 mls of whole blood. Concentrations correlated negatively with storage time

	Prehospital blood transfusion versus crystalloid alone in the air medical transport of trauma patients. Air Med J 19:140-3 
	2000 Sumida MP 
	3
	Comparison of prehospital resuscitation methods between two ??? programs. Program A (n=31) used crystalloid resuscitation. Program B (n=17) used crystalloid plus blood resuscitation. Study included both scene flights and interhospital transfers. No significant difference in mortality.  Program B had lower pH and HCO3 on arrival (p<0.05). Recommend no conclusions be drawn from study.

	Response of erythropoiesis and iron metabolism to recombinatn human erythropoietin in intensive care unit patients. Crit Care Med 28:2773-8 
	2000 van Iperen CE 
	1
	Prospective study of response to epoetin alpha in anemic ICU patients (Hgb < 11.2 or < 12.1 in presence of cardiac disease) N=36

3 arms: folic acid (control), folic acid + iron saccharate, folic acid + iron + epoetin alpha

Exogenous epoetin alpha increased erythorpoetin concentration and reticulocytes. Therefore bone marrow of critically ill patients responds to epoetin alpha.

Effect of epoetin alpha on Hgb level and need for transfusion needs to be established. Not a trauma population. Not a study of blood transfusion.

	Transfusion in the operating room and the intensive care unit: current practice and future directions. Intl Anesth Clin 38:149-69 
	2000 Wall MH 
	3
	Review article and published fuidelines for indications and rationale for use of blood and component therapy

	Stored red blood cells selectively activate human neutrophils to release IL-8 and secretory PLA2. Shock 13:29-33 
	2000 Zallen G 
	1
	In vitro experiment

Transfusion of stored PRBC have been shown to contribute to postinjury multiple organ failure (MOF).  The number of units transfused within 12 hrs post-injury can predict adverse outcomes.  It is hypothesized that plasma from stored PRBC units primes neutrophils to release inflammatory cytokines which may contribute to MOF.  Age of transfused blood may be an independent risk factor for the development of post-injury MOF.

Day 42 PRBC plasma stimulated significant neutrophil release of IL-8 and sPLA2 but, did not stimulate IL-1B or TNF-a from neutrophils obtained from healthy volunteers.  Transfusion of aged PRBCs may represent a preventable inflammatory process via improved blood banking and transfusion practices.

	Type and crossmatch of the trauma patient. J Trauma 50:878-81 
	2001 Baker JB 
	3
	To identify a subset of trauma patients, based on readily available and commonly measured risk factors, who do not require T&C and subsequent blood transfusion.

The risk factors that strongly correlate with increased risk of blood transfusion within 24 hrs include:  sBP<90 mm Hg, pulse >120 beats/min, GCS<9 and classification as “high risk injury”.  Patients who did not meet these criteria had a markedly decreased likelihood of requiring emergency transfusion.  Application of these screening criteria to determine when to obtain a T&C would result in a significant financial savings and provide for a greater efficiency in blood product utilization.

	Plasma from aged stored red blood cells delays neutrophil apoptosis and primes for cytotoxicity: abrogation by poststorage washing but not prestorage leukoreduction. J Trauma 50:426-31 
	2001 Biffl WL 
	1
	Class ? experiment

Neutrophils harvested from healthy donors were incubated with either unmodified, leukoreduced or washed RBC plasma.  Apoptotic index was assessed for each group.

Plasma from stored RBC when leukoreduced delays apoptosis and primes neutrophils.  This is first evident with blood stored for 21 days and worsens when the blood is 42 days old.  This result is eliminated by post-storage washing of the blood.

	Anemia and blood transfusion in the critically ill: current clinical practice in the US -- the CRIT study [abstract]. Crit Care Med Jan 2004;32(1):39-52 
	2001 Corwin HL 
	2
	Prospective multicenter observational cohort study in 4892 ICU patients to examine anemia and blood transfusions in the critically ill in US.  Enrollment period was from August 2000 to April 2001. Patients were enrolled within 48 hrs of ICU admission. Patient follow-up was for 30 days, hospital discharge, or death, whichever occurred first. A total of 284 ICUs (medical, surgical, or medical-surgical) in 213 hospitals participated in the study.  The mean hemoglobin level at baseline was 11.0 +/- 2.4 g/dL. Hemoglobin level decreased throughout the duration of the study. Overall, 44% of patients received one or more RBC units while in the ICU (mean, 4.6 +/- 4.9 units). The mean pretransfusion hemoglobin was 8.6 +/- 1.7 g/dL. The mean time to first ICU transfusion was 2.3 +/- 3.7 days. More RBC transfusions were given in study week 1; however, in subsequent weeks, subjects received one to two RBC units per week while in the ICU. The number of RBC transfusions a patient received during the study was independently associated with longer ICU and hospital lengths of stay and an increase in mortality. Patients who received transfusions also had more total complications and were more likely to experience a complication. Baseline hemoglobin was related to the number of RBC transfusions, but it was not an independent predictor of length of stay or mortality. However, a nadir hemoglobin level of <9 g/dL was a predictor of increased mortality and length of stay. Anemia is common in the critically ill and results in a large number of RBC transfusions. Transfusion practice has changed little during the past decade. The number of RBC units transfused is an independent predictor of worse clinical outcome.

	Clinical evaluation of once-weekly dosing of epoetin alfa in chemotherapy patients: improvements in hemoglobin and quality of life are similar to three-times weekly dosing. J Clin Oncol 19:2875-82 
	2001 Gabrilove JL 
	2
	Multicenter, open-label, nonrandomized study in 3,012 pts with nonmyeloid malignancies who received chemotherapy conducted in 600 US community-based practices. Pts received epoetin alfa 40,000 U once weekly, which could be increased to 60,000 U once weekly after 4 weeks dependent on hemoglobin response. Treatment was continued for a maximum of 16 weeks. Among the 2,964 patients assessable for efficacy, epoetin alfa therapy resulted in significant increases in hemoglobin levels, decreases in transfusion requirements, and improvements in functional status and fatigue as assessed by the linear analog scale assessment (energy level, ability to perform daily activities, and overall quality of life) and the anemia subscale of the Functional Assessment of Cancer Therapy-Anemia questionnaire.   Based on the results of this study, the clinical benefits and the adverse event profile of once-weekly epoetin alfa therapy in community-based practice are similar to those observed in the historical experience with the 3-times-weekly dosage schedule.

	Do blood transfusions improve outcomes related to mechanical ventilation? Chest 119:1850-7 
	2001 Hebert PC 
	1
	PRCT; 713 pts receiving mechanical ventilation, representing a subgroup of patients from the larger trial, were randomized to either a restrictive transfusion strategy, receiving allogeneic RBC transfusions at a hemoglobin concentration of 7.0 g/dL (and maintained between 7.0 g/dL and to 9.0 g/dL), or to a liberal transfusion strategy, receiving RBCs at 10.0 g/dL (and maintained between 10.0 g/dL and 12.0 g/dL).  No difference in duration of mechanical ventilation or extubation success between groups.  No  evidence that a liberal RBC transfusion strategy decreased the duration of mechanical ventilation in a heterogeneous population of critically ill patients.

	Is a low transfusion threshold safe in critically ill patients with cardiovascular diseases? Crit Care Med 29:227-34 
	2001 Hebert PC 
	
	Post-hoc cohort analysis of a Randomized controlled trial ; 357 critically ill pts with CV disease; restrictive strategy (PRBC after Hct 70 g/l) vs liberal strategy (PRBC after Hct 100 g/l); PRBC with  citrate-phosphate-dextrose-adenine as preservative; 53% less RBC Tf in restrictive than liberal; no difference in 30 or 60 day mortality between the groups

	Blunted erythropoietic response to anemia in multiply traumatized patients. Crit Care Med 29:743-7 
	2001 Hobisch-Hagen P 
	2
	prospective, observational; 23 pts ISS >29; no correlation was found between EPO  and Hgb; Fe was significantly decreased on day 2 and remained low; inadequate response of EPO to low Hgb (inverse correlation between EPO and Hgb was missing; possibly caused by activated immune sys (elevated sTNF-rI until day 9), surgery, neopterin 4.3 fold increase until day 9 which suppresses EPO

	Resuscitation with a blood substitute abrogates pathologic postinjury neutrophil cytotoxic funtion. J Trauma 50:449-55 
	2001 Johnson JL 
	1
	prospective, randomized; trauma pts (ISS>15) requiring urgent Trf were given PolyHeme (<20 units) or PRBC (<26 u); 19 pts; pts receiving PRBC demonstrated PMN priming for superoxide release with no priming in the PolyHeme group;  4/9 pts PolyHeme group received <=6 u PRBC in addition; 30% PRBC mortality; 0% mortality in PolyHeme;  within 12hours PRBC pts demonstrated increase CD11b and CD18

	Effects of epoetin alfa on hematologic parameters and quality of life in cancer patients receiving nonplatinum chemotherapy: results of a randomized, double-blind, placebo-controlled trial. J Clin Oncol 19:2865-74 
	2001 Littlewood TJ 
	1
	Good study, interesting data. ?relevance to trauma pts. Again shows decreased pts needing transfusion, increased hgb levels, improved quality of life, and a trend toward increased survival. Dose 150 IU/kg 3x week, adjusted for hgb response. Need good studies in trauma/sicu pts.

	Storage time of transfused blood and disease recurrence after colorectal cancer surgery. Dis Colon Rectum 44:955-64 
	2001 Mynster T 
	2
	Interesting study. Pts who received blood transfusions, independent of storage time (<21 days or > 21 days), had a lower suvival rate, increased tumor recurrance, and a trend toward more infectious complications

	Trauma-induced coagulopathy and treatment in Kosovo. Military Med 166:362-5 
	2001 O'Sullivan J 
	3
	Case report

	Once-weekly (QW) treatement with epoetin alfa in patients (pts) with anemia due to chronic kidney disease (CKD): preliminary analysis. J Am Soc Nephrol 12:238A 
	2001 Provenzano R 
	2
	This abstract discusses an open label, nonrandomized multicenter study of approximately 1500 adults with anemia from chronic kidney disease evaluating the efficacy and safety of weekly (QW) EPO.  194 patients were evaluable.  Over a 16 week period QW EPO increased hemoglobin levels a mean of 2.7 g/dl and reduced transfusions by 13.9%.  All quality of life (QOL) parameters increased in patients receiving QW EPO.  The most frequent adverse event was hypertension.

	Nutritional deficiencies and blunted erythropoietin response as causes of the anemia of critical illness. J Crit Care 16:36-41 
	2001 Rodriguez RM 
	2
	Prospective observational study of patients from three academic medical center's ICUs (multiinstitutional) spanning a time period from 1993 to 1997.  Well-described inclusion and exclusion criteria.  Patients were screened early (day 2 or 3) in their ICU course for iron, B12 and folate deficiency.  EPO levels were drawn at baseline and the weekly.  184 patients were enrolled in the study.  Sixteen (9%) were iron deficient, 4 (2%) were B12 deficient and 4 (2%) were folate deficient.  EPO levels were only available in 113 patients; these are reported with time as a variable.  The profile most commonly seen was low serum Fe and TIBC, low Fe/TIBC, and elevated ferritin levels.  These findings are similar to those seen in anemia of chronic disease.  Additionally, EPO response was blunted.  This was a mixed group of medical and surgical patients.

	A survey of physicians' attitudes to transfusion practice in critically ill patients in the UK. Anaesthesia 57:584-8 
	2002 Boralessa H 
	3
	This study utilized a senario-based questionnaire sent to all directors of ICUs and transfusion departments in the UK.  Four clinical senarios of trauma, sepsis, pneumonia and GI bleeding were used.  298 contacts were made and completed forms were received from 162 intensivists and 77 hematologists.  Overall transfusion triggers varied from 6 to 12 g/dl.  Surgery, increasing patient age, increassing APACHE II score, ARDS, and ARDS with lactic acidosis all made it more likely that a transfusion was given.  Transfusion triggers for platelet transfusion were also assessed.

	Blood transfusions correlate with infections in trauma patients in a dose-dependent manner. Am Surg 68:566-72 
	2002 Claridge JA 
	2
	The authors sought to evaluate the relationship between infections in trauma patients and the transfusion of PRBC in the first 48 hours of admission.  Some criteria for infection seemed to be occasionally vague, and did not seem to include sepsis, per se.  Their conclusions are supported more by statistical analysis than hard data (multivariate logistic regression).  However, with the noted considerations, the data appears to support the conclusion that blood transfusion (PRBC) in the first 48 hours of admission is an independent risk factor for the development of infection, and that there is a correlation between the amount of blood transfused and the risk of infection.

	Efficacy of recombinant human erythropoietin in critically ill patients: a randomized controlled trial.
 JAMA 288:2827-35 
	2002 Corwin HL 
	1
	THis is a prospective, randomized, double-blind, placebo-controlled, multicenter trial designed to assess transfusion independence between 1 and 28 days, and other secondary endpoints such as cumulative RBC units transfused, mortality, and change in hemoglobin.  THis was accomplished by the administration of 40,000 units of rHuEPO weekly, compared to placebo.  The authors conclude that rHuEPO administered as noted above reduces tha total units of RBCs transfused and increased the hemoglobin concentration.   The study population was diverse, representing critically ill patients from multiple ICU's across the United States.  There was no difference in mortality or morbidity between the two groups.  No significant difference was shown in clinical outcomes as measured by hospital or ICU length of stay, or ventilator-free days, reventilation rate, or new-onset ventilation betweent the two groups.


	The life-sustaining capacity of human polymerized hemoglobin when red cells might be unavailable. 
J Am Coll Surg 195:445-52 
	2002 Gould SA 
	2
	The study was designed to evaluate the efficacy of PolyHeme in patients with severe blood loss, and assess its ability to sustain life during rapid, massive hemorrhage in patients with life-threatening RBC levels who do not receive red cells.  It is a cohort study with a historical control.  THis is an important study supporting the use of PolyHeme as an oxygen-carrying resuscitative fluid that has the potential to simplify and ficilitate early treatment of acute blood loss.  Logistic regression and comparison to historical control were used to evaluate mortality.  The PolyHeme group had a significantly lower mortality, especially at lower hemoglobin levels.  

	Transfusion options in total joint arthroplasty.
J Arthroplasty 17:125-8 
	2002 Keating EM 
	3
	Review article.

	Effects of age of transfused blood on length of stay in trauma patients: a preliminary report. J Trauma 53:1023-5 
	2002 Keller ME 
	3
	Retrospective review of 86 patients who received 1-4 units of blood within the first 48 hours of hospitalization and discharged alive.  Purpose was to evaluate effect of age of blood transfused on outcome. Primary outcomes were total length of stay ICU LOS, and duration of ventilatory support.  
Results:  Mean ISS 13.2, mean # of PRBCs 2.7 units.  Average age of transfused blood was 22.7 days.  Only six patients (7%) had infectious complications.  

Conclusions:  transfusion of blood older than 14 days is associated with increased ICU LOS.  Each unit of blood older than 14 days added more than 2 days to overall LOS.

	Transfusion-related acute lung injury: report of clinical look-back investigation. JAMA 287:1968-71 
	2002 Kopko PM 
	3
	Objective was to determine if blood products from a frequent plasma donor caused symptoms of transfusion-related acute lung injury (TRALI).

Retrospective chart review of 50 patients for mild/moderate (dyspena with fever, chills, hypotension, and/or hypoxemia) or severe (acute pulm edema or need for mechanical ventilation) reaction association with transfusion. 

Conclusion: TRALI was frequently underdiagnosed and underreported in recepients of blood products from a donor whose blood products may cause TRALI.

	Mechanical methods of reducing blood transfusion in cardiac surgery: randomized controlled trial. BMJ 324:1299 
	2002 McGill N 
	
	

	Report on Blood Collection and Transfusion in the United States in 1999. Available at: http://www.nbdrc.org/research/bloodsurv.htm 
	2002 National Blood Data Resource Center 
	3
	Class 3, no need to review

	Increased rate of infection associated with transfusion of old blood after severe injury. Arch Surg 137:711-7 
	2002 Offner PJ 
	2
	Prospective observational. Number of units of blood greater than 14 days old correlated with increased incidence of infection (when compared to individuals transfused similar amout of younger units)

	Blood component use in critically ill patients. Anaesthesia 57:530-4 
	2002 Rao MP 
	2
	Conclusion:  Transfusion practice is consistent and that in general there does not seem to be an excessive use of blood components in critically ill patients.

This article is a prospective observational study.  The study hypothesis and results focus on the transfusion practices in the UK and the findings suggest that they are similar to the restrictive thresholds recommended in Hebert's large Canadian study (1999).  No patient outcome data are reported and therefore no recommendations can be made.

	Impact of age of transfused blood in the trauma patient. J Trauma 52:1224-5 
	2002 Schulman CI 
	3
	Letter to the editor

	The use of bovine hemoglobin glutamer-250 (Hemopure®) in surgical patients: results of a multicenter, randomized, single-blinded trial. Anesth Analg 94:799-808 
	2002 Sprung J 
	1
	Study evaluated tolerability of HBOC-201. 11% of the patients receiving HBOC-201 developed dermatologic reactions. Methemoglobin concentrations increased after HBOC-201 infusion with the greatest response seen after larger doses of HBOC-201. There was no difference in the amount of blood transfused in the two groups. The intraoperative use of HBOC-201 was generally well tolerated.

	Impact of allogenic packed red blood cell transfusion on nosocomial infection rates in the critically ill patient. Crit Care Med 30:2249-54 
	2002 Taylor RW 
	
	

	Massive transfusion exceeding 50 units of blood products in trauma patients. J Trauma 53:291-6 
	2002 Vaslef SN 
	3
	Examined practice of massive transfusion in trauma patients. Retrospective study of adult trauma patients who receive > 50 units of blood products in first 24 hours. N=44, 0.6% of trauma admissions, over 60 month period.

43% survival / 57% mortality

BD > 12 is independent risk factor for mortality

No mortality difference between patients who receive > 75 units of blood products vs those who receive 51-75 units

Given 43% survival, aggressive transfusion in first 24 hrs is warranted. Study was not restricted to blood, included all blood products. Does not deal with indications for transfusion.

	Anemia and blood transfusions in critically ill patients. JAMA 288:1499-1507 
	2002 Vincent JL 
	2
	This is a prospective observational study designed to determine the frequency of blood drawing, and to estimate the the incidence of anemia and use of red blood cell transfusions in critically ill patients in 146 ICUs throughout western Europe.  The authors looked at the number of blood draws and volume for a 24 hour period one week prior to evaluating for anemia and blood transfusion with data collected for up to 28 days.  They found a significant positive corelation between organ dysfunction and number of blood draws.  They also found that the nontransfused patients showed greater improvement in organ function over time than the transfused groups.  The authors appropriately comment that no causal inferences for associations can be drawn.  With that in mind, the study provides evidence of the associations between transfusion and diminished organ function as well as between low hemoglobin level, transfusion, and mortality.  

	Blood substitutes: the future is now. J Am Coll Surg 196:1-17 
	2003 Moore EE 
	3
	Review article on the history of hemoglobin-based oxygen carriers and the current scientific status.

Amberson et al, at the Univ of Tenn at Memphis, in 1933 first described the hemoglobin and oxygen transport relationship in mammals.

Rabiner et al, in 1967, developed stroma-free hemoglobin.

Diaspirin cross-linked hemoglobin (DCLHb) is a modified hemoglobin tetrameric solution that failed the phase 3 FDA trial.  DCLHb caused severe pulmonary hypertension, greater pulmonary contusion size and stiffer lungs.  It caused a marked vasopressor response, likely secondary to the scavenging of NO with an additional component of enhanced endothelin response.

Polymerized hemoglobin, examples of which include Hemopure, Hemolink and PolyHeme.  Polymerization results in enhanced intravascular retention and reduced colloid osmotic activity.  It attenuates vasoconstriction associated with the infusion of hemoglobin solutions.  They contain <1% tetrameric hemoglobin.  

	Anemia and Blood Transfusion in Trauma Patients Admitted to the Intensive Care Unit 
Shapiro MJ, Gettinger A, Corwin HL, Napolitano L, Levy M, Abraham E, Fink MP, MacIntyre N, Pearl RG, Shabot MM.  J Trauma 2003 Aug;55(2):269-73; discussion 273-4.
	2003 Shapiro MJ 
	2
	This was a post hoc analysis of a subset of trauma patients (> or =18 years in age) from a prospective, multicenter, observational, cohort study in the US. Patients were enrolled within 48 hours after ICU admission and followed for up to 30 days, or until hospital discharge or death. 576 trauma patients from 111 ICUs in 100 hospitals were enrolled between August 2000 and April 2001. At baseline, mean age was 44.1 +/- 20.2 years, 73.6% were men, and mean APACHE II score was 16.9 +/- 8.2. Mean baseline hemoglobin was 11.1 +/- 2.4 g/dL and patients remained anemic throughout the study either with or without transfusion; 55.4% of patients were transfused (mean, 5.8 +/- 5.5 units) during the ICU stay and 43.8% of patients had an ICU length of stay > or = 7 days. Mean pretransfusion hemoglobin was 8.9 +/- 1.8 g/dL. Mean age of RBCs transfused was 20.1 +/- 11.4 days. As compared with the full study population, patients in the trauma subset were more likely to be transfused and received an average of 1 additional unit of blood. This study concluded that anemia is common in critically injured trauma patients and persists throughout the duration of critical illness. These patients receive a large number of RBC transfusions during their ICU course with aged blood.

	Is a restrictive transfusion strategy safe for resuscitated and critically ill trauma patients?

McIntyre L, Hebert PC, Wells G, et al; Canadian Critical Care Trials Group. 

J Trauma 2004;57:563-568; discussion 568.  
	McIntyre L, Hebert PC, et al.  2004
	1
	Analysis from the prospective multicenter randomized control trial (Transfusion Requirements in Critical Care Trial – TRICC) compared the use of restrictive (n=100) and liberal (n=103) transfusion strategies in resuscitated critically ill patients.  

The average Hb concentration and RBC units transfused per patient 2.3±4.4 vs. 5.4± 4.3; p < 0.0001) were significantly lower in the restrictive than the liberal group.  The 30-day all-cause mortality were no different (10% for restrictive vs. 9% for liberal, p=0.81).  No differences in multiple organ dysfunction of length of stay in ICU or hospital were identified. 
A restrictive RBC strategy appears to be safe for critically ill multiple trauma patients.  A randomized controlled trial would provide the appropriate level of evidence with regard to the daily use of blood in this population of patients.

	A descriptive evaluation of transfusion practices in patients receiving mechanical ventilation.  

Levy MM, Abraham E, Zilberberg M, MacIntyre NR.  
	Levy MM Chest 2005
	2
	Retrospective subgroup analysis from the prospective multicenter observational CRIT study.  Of the 4,892 patients enrolled, 60% were receiving mechanical ventilation on ICU admission.  Despite similar baseline hemoglobin levels, more patients receiving mechanical ventilation underwent transfusions (49%vs. 33%, p< 0.0001) and they received significantly more RBCs than patients not receiving MV (p < 0.0001).  The principal reason for transfusion in both groups was low hemoglobin level but patients receiving mechanical ventilation had higher pretransfusion hemoglobin levels (8.7 +/- 1.7 g/dL) than patients not receiving MV (8.2 +/- 1.7 g/dL, p < 0.0001).  Mechanical ventilation appears to be an easily identifiable early marker for allogeneic blood exposure risk in ICU patients.  Justification of this liberal transfusion practice in patients receiving mechanical ventilation will require further study.

	Relationship of blood transfusion and clinical outcomesin patients with acute coronary syndromes.

Rao SV, Jollis JG, Harrington RA et al.

JAMA 2004 Oct 6 ;292(13) :1555-62.
	Rao SV

JAMA 2004
	
	It is unclear if blood transfusion in anemic patients with acute coronary syndromes is associated with improved survival. OBJECTIVE: To determine the association between blood transfusion and mortality among patients with acute coronary syndromes who develop bleeding, anemia, or both during their hospital course. DESIGN, SETTING, AND PATIENTS: We analyzed 24,112 enrollees in 3 large international trials of patients with acute coronary syndromes (the GUSTO IIb, PURSUIT, and PARAGON B trials). Patients were grouped according to whether they received a blood transfusion during the hospitalization. The association between transfusion and outcome was assessed using Cox proportional hazards modeling that incorporated transfusion as a time-dependent covariate and the propensity to receive blood, and a landmark analysis. MAIN OUTCOME MEASURE: Thirty-day mortality. RESULTS: Of the patients included, 2401 (10.0%) underwent at least 1 blood transfusion during their hospitalization. Patients who underwent transfusion were older and had more comorbid illness at presentation and also had a significantly higher unadjusted rate of 30-day death (8.00% vs 3.08%; P<.001), myocardial infarction (MI) (25.16% vs 8.16%; P<.001), and death/MI (29.24% vs 10.02%; P<.001) compared with patients who did not undergo transfusion. Using Cox proportional hazards modeling that incorporated transfusion as a time-dependent covariate, transfusion was associated with an increased hazard for 30-day death (adjusted hazard ratio [HR], 3.94; 95% confidence interval [CI], 3.26-4.75) and 30-day death/MI (HR, 2.92; 95% CI, 2.55-3.35). In the landmark analysis that included procedures and bleeding events, transfusion was associated with a trend toward increased mortality. The predicted probability of 30-day death was higher with transfusion at nadir hematocrit values above 25%. CONCLUSIONS: Blood transfusion in the setting of acute coronary syndromes is associated with higher mortality, and this relationship persists after adjustment for other predictive factors and timing of events. Given the limitations of post hoc analysis of clinical trials data, a randomized trial of transfusion strategies is warranted to resolve the disparity in results between our study and other observational studies. We suggest caution regarding the routine use of blood transfusion to maintain arbitrary hematocrit levels in stable patients with ischemic heart disease.



	Mechanical methods of reducing blood transfusion in cardiac surgery: randomized controlled trial

McGill N, O’Shaughnessy D, Pickering R, Herbertson M, Gill R.
	BMJ 2002 Jun1;324(7349):1299
	
	To assess the effectiveness of two mechanical methods of blood conservation in reducing the need for allogeneic red blood cells or coagulation products during cardiac surgery. DESIGN: Randomised controlled trial. SETTING: Regional cardiac centre in a teaching hospital in Southampton. PARTICIPANTS: 263 adults aged 18-80 years undergoing elective coronary artery bypass surgery entered the study, of whom 252 completed the trial. All patients received routine perioperative care. Patients were allocated to one of three treatment groups: intraoperative cell salvage, intraoperative cell salvage with acute perioperative normovolaemic haemodilution, or no mechanical blood conservation. There were 84 patients in each group. MAIN OUTCOME MEASURES: Numbers of patients who received allogeneic blood or coagulation products, and the mean number of units of blood transfused per patient. RESULTS: Of the patients in the intraoperative cell salvage group, 26 were given a transfusion of allogeneic blood, compared with 43 in the control group (odds ratio 0.43 (95% confidence interval 0.23 to 0.80)). The mean number of units of allogeneic blood transfused per patient in the intraoperative cell salvage group was 0.68 units (SD=1.55), compared with 1.07 (1.56) units in the control group. 32 of the patients in the intraoperative cell salvage group were given any blood product, compared with 47 in the control group (odds ratio 0.47 (0.25 to 0.89); P=0.019). Combining acute perioperative normovolaemic haemodilution with intraoperative cell salvage conferred no additional benefits. CONCLUSIONS: An intraoperative cell salvage device should be used in elective coronary artery bypass grafting. Pharmacological strategies may achieve further reductions in blood transfusions. Yet further reductions in blood transfusions could be achieved if the lower safe limit of haemoglobin concentration in patients undergoing cardiac surgery were known.

	Safety and efficacy of perioperative cell salvage and autotransfusion after coronary artery bypass grafting: a randomized trial.

Murphy GJ, Allen Sm, Unsworth-White J, Lewis CT, Dalrymple-Hay MJ.
	Murphy GJ

Ann Thorac Surg 2004 May;77(5):1553-9
	
	The aim of this study was to ascertain whether cell salvage and autotransfusion after first time elective coronary artery bypass grafting is associated with a significant reduction in the use of homologous blood, a clinically significant derangement of postoperative clotting profiles, or an increased risk of postoperative bleeding. METHODS: Patients were randomized to autotransfusion (n = 98) receiving autotransfused washed blood from intraoperative cell salvage and postoperative mediastinal fluid cell salvage after coronary artery bypass surgery or control (n = 102) receiving stored homologous blood only after coronary artery bypass surgery. RESULTS: There was no statistical difference between the groups in terms of demographics, comorbidity, risk stratification, or operative details. Mean volume of blood autotransfused was 367 +/- 113 mL. Patients in the autotransfusion group were significantly less likely to receive a homologous blood transfusion compared with controls (odds ratio 0.40, 95% confidence interval [CI] 0.22-0.71) and received significantly fewer units of blood per patient compared with controls (0.43 +/- 1.5 vs 0.90 +/- 2.0 U, p = 0.02). There was no difference between the groups in terms of postoperative blood loss, fluid requirements, blood product requirements, or in the incidence of adverse clinical events (p = NS chi(2)). Autotransfusion did not produce any significant derangement of thromboelastograph values or laboratory measures of clotting pathway function (prothrombin time, activated partial thromboplastin time, fibrinogen, and fibrinogen D-dimer levels) when compared with the effect of homologous blood transfusion (p = NS, repeated measures analysis of variance [MANOVA]). CONCLUSIONS: Autotransfusion is a safe and effective method of reducing the use of homologous bank blood after routine first time coronary artery bypass grafting.

	Safety, efficacy and cost of intraoperative cell salvage and autotransfusion after off-pump coronary artery bypass surgery: A randomized trial

Murphy GJ, Rogers CS, Landsdowne WB, Channon I, Alwair H, Cohen A, Caputo M, Angelini GD.


	J Thorac Cardiovasc Surg 2005 Jul;130(1):20-8.
	
	We evaluated, in a randomized controlled trial, the safety and effectiveness of intraoperative cell salvage and autotransfusion of washed salvaged red blood cells after first-time coronary artery bypass grafting performed on the beating heart. METHODS: Sixty-one patients undergoing off-pump coronary artery bypass grafting surgery were prospectively randomized to autotransfusion (n = 30; receiving autotransfused washed blood from intraoperative cell salvage) or control (n = 31; receiving homologous blood only as blood-replacement therapy). Homologous blood was given according to unit protocols. RESULTS: The groups were well matched with respect to demographic and comorbid characteristics. Patients in the autotransfusion group had a significantly higher 24-hour postoperative hemoglobin concentration (11.9 g/dL; SD, 1.41 g/dL) than those in the control group (10.5 g/dL; SD, 1.37 g/dL) (mean difference, 1.02 g/dL; 95% confidence interval, 1.60-0.44 g/dL; P = .0007), as well as a 20% reduction in the frequency of homologous blood product use (11/31 vs 5/30; P = .095). Autotransfusion of washed red blood cells was not associated with any derangement of thromboelastograph values or laboratory measures of clotting pathway function (prothrombin time, activated partial thromboplastin time, and fibrinogen levels), increased postoperative bleeding, fluid requirements, or adverse clinical events. There was no statistical difference between groups in the total operation, hospitalization, and management costs per patient (median difference, USD 1015.90; 95% confidence interval, -USD 2260 to USD 206; P = .11). Conclusions Intraoperative cell salvage and autotransfusion was associated with higher postoperative hemoglobin concentrations, a modest reduction in transfusion requirements, no adverse clinical or coagulopathic effects, and no significant increase in cost compared with controls. This study supports its routine use in off-pump coronary artery bypass grafting surgery.

	Effects of cell saver autologous blood transfusion on blood loss and homologous blood transfusion requirements in patients underoing cardiac surgery on- versus off-cardiopulmonary bypass: a randomized trial.

  Eur J Cardiothorac Surg 2006 Aug;30(2):271-7

Niranjan G, Asimakopoulos G, Karagounis A, Cockerill G, Thompson M, Chandrasekaran V.
	Eur J Cardiothorac Surg 2006 Aug;30(2):271-7
	
	Off-pump CABG is potentially associated with reduced intraoperative blood loss and homologous blood transfusion in comparison to on-pump CABG. In this randomised controlled study we investigated the effects of autologous cell saver blood transfusion on blood loss and homologous blood transfusion requirements in patients undergoing CABG on- versus off-CPB. METHODS: Eighty patients were randomised into one of four groups: (A) on-CPB with cell saver blood transfusion (CSBT), (B) on-CPB without CSBT, (C) off-pump with CSBT and (D) off-pump without CSBT. Volume of intraoperative autologous blood transfusion, postoperative mediastinal blood loss and homologous blood transfusion requirements were measured. Homologous blood was transfused when haemoglobin concentration fell below 8 g/dl postoperatively. Pre- and postoperatively prothrombin time and partial thromboplastin time were measured. RESULTS: Preoperative patient characteristics were well matched among the four groups. The amount of salvaged mediastinal blood available for autologous transfusion was significantly higher in the on-pump group (A) compared to the off-CPB group (C) (433+/-155 ml vs 271+/-144 ml, P=0.001). Volume of homologous blood transfusion was significantly higher in group B vs groups A, C and D (595+/-438 ml vs 179+/-214, 141+/-183 and 230+/-240 ml, respectively, P<0.005). The cell saver groups (A and C) received significantly less homologous blood than the groups without cell saver (160+/-197 ml vs 413+/-394 ml, respectively, P<0.005). Patients undergoing off-CPB surgery received significantly less homologous blood than those undergoing on-CPB CABG irrespective of cell saver blood transfusion (184+/-214 ml vs 382+/-397 ml, P<0.05). Postoperative blood loss was similar in the four groups (842+/-276, 1023+/-291, 869+/-286 and 903+/-315 ml in groups A to D, respectively, P>0.05). Clotting test results revealed no significant difference between the groups. There was no significant difference in postoperative morbidity between groups. CONCLUSION: Off-pump CABG is associated with significant reduction in intraoperative mediastinal blood loss and homologous transfusion requirements. Autologous transfusion of salvaged washed mediastinal blood reduced homologous transfusion significantly in the on-CPB group. Cell saver caused no significant adverse impact on coagulation parameters in on- or off-CPB CABG. Postoperative morbidity and blood loss were not affected by the use of CPB or autologous blood transfusion. We recommend the use of autologous blood transfusion in both on- and off-pump CABG surgery.

	Comparison of the effects of a cell saver and low-dose aprotinin on blood loss and homologous blood usage in patients undergoing valve surgery.  

J Cardiothorac Vasc Anesth 2001 Jun;15(3):326-30

Tempe DK, Banerjee A, Virmani S, Mehta N, Panwar S, Tomar AS, Ghambeer Dk, Nigam M.  
	J Cardiothorac Vasc Anesth 2001 Jun;15(3):326-30


	
	To compare 2 important techniques of blood conservation, use of a cell saver and low-dose aprotinin, in terms of blood loss and homologous blood usage in patients undergoing cardiac valve surgery. DESIGN: Prospective, randomized. SETTING: Tertiary care hospital. PARTICIPANTS: Sixty adult patients undergoing elective valve surgery. INTERVENTIONS: The patients were divided into 3 groups of 20 each. In group 1, aprotinin in the dose of 30,000 KIU/kg was added to the pump prime, with a further dose of 15,000 KIU/kg added at the end of each hour of cardiopulmonary bypass. In group 2, a cell-saver system was used to collect all blood at the operation site for processing in preparation for subsequent reinfusion. Group 3 patients acted as a control group and underwent routine management, which included collection of autologous blood during the pre-cardiopulmonary bypass period. A hemoglobin of <8 g/dL was considered as an indication for bank blood transfusion in the postoperative period. MEASUREMENTS AND MAIN RESULTS: The chest tube drainage was significantly less in group 1 compared with groups 2 and 3, with total drainage (median [interquartile range]) amounting to 250 mL [105 to 325 mL] vs. 700 mL [525 to 910 mL] in group 2 and 800 mL [650 to 880 mL] in group 3 (p < 0.001). The patients in groups 1 and 2 required significantly less bank blood (median [interquartile range]) as compared with group 3 (350 mL [0 to 525 mL], 350 mL [0 to 350 mL], and 1050 mL [875 to 1050 mL]; p < 0.001), respectively. Cell saver provided 410 +/- 130 mL of hemoconcentrated blood in group 2. The average preoperative hemoglobin concentration was 11.3 g/dL, and it was around 9 g/dL on the 7th postoperative day. The hemoglobin concentration at various stages during hospitalization in all 3 groups was similar. CONCLUSIONS: Low-dose aprotinin and a cell saver are effective and comparable methods of blood conservation. Aprotinin helps by decreasing the postoperative drainage, and a cell saver helps by making the patient's own blood available for transfusion.

	Autotransfusion decreases blood usage following cardiac surgery -- a prospective randomized trial.

Cardiovasc Surg. 2001 Apr;9(2):184-7.
Dalrymple-Hay MJ, Dawkins S, Pack L, Deakin CD, Sheppard S, Ohri SK, Haw MP, Livesey SA, Monro JL.

	
	
	10% of blood issued by the National Blood Service (220,000) is utilised in cardiac procedures. Transfusion reactions, infection risk and cost should stimulate us to decrease this transfusion rate. We tested the efficacy of autotransfusion of washed postoperative mediastinal fluid in a prospective randomized trial. PATIENTS AND METHODS: 166 patients undergoing coronary artery bypass grafting (CABG), valve or CABG + valve procedures were randomized into three groups. The indication for transfusion was a postoperative haemoglobin (Hb) < 10 g/l or a packed cell volume (PCV) < 30. When applicable, group A patients received washed post-operative drainage fluid. Group B all received blood processed from the cardiopulmonary bypass (CPB) circuit following separation from CPB and if appropriate washed post-operative drainage fluid. Group C were controls. Groups were compared using analysis of variance. RESULTS: There was no significant difference in age, sex, type of operation, CPB time and preoperative Hb and PCV between the groups. Blood requirements were as shown. [table - see text] Twelve patients in group A and 10 in group B did not require a homologous transfusion following processing of the mediastinal drainage fluid. CONCLUSION: Autotransfusion of washed postoperative mediastinal fluid can decrease the amount of homologous blood transfused following cardiac surgery. There was no demonstrable benefit in processing blood from the CPB circuit as well as mediastinal drainage fluid.

	Taylor RW, Managanaro L, O’Brien J et al.  Crit Care Med 2002 Oct;30(10):2249-54

Impact of allogeneic packed red blood cell transfusion on nosocomial infection rates in the critically ill patient.
	
	
	OBJECTIVE: To determine whether critically ill patients who receive allogenic packed red blood cell transfusions are at increased risk of developing nosocomial infections during hospitalization. DESIGN: Retrospective database study utilizing Project IMPACT. SETTING: A 40-bed medical-surgical-trauma intensive care unit in an 825-bed tertiary referral teaching hospital. PATIENTS: One thousand seven hundred and seventeen patients admitted to the medical-surgical-trauma intensive care unit. MEASUREMENTS AND MAIN RESULTS: Data were collected by using the Project IMPACT database. Nosocomial infection rates were compared among three groups: the entire cohort, the transfusion group, and the nontransfusion group. We determined the nosocomial infection rates in these groups while adjusting for probability of survival by using Mortality Prediction Model (MPM-0) scores, age, gender, and number of units of packed red blood cells transfused. The average number of units transfused per patient was 4.0. The nosocomial infection rate for the entire cohort was 5.94%. The nosocomial infection rates for the transfusion group (n = 416) and the nontransfusion group (n = 1301) were 15.38% and 2.92%, respectively (p <.005 chi-square). Transfusion of packed red blood cells was related to the occurrence of nosocomial infection, and there was a dose-response pattern (the more units of packed red blood cells transfused, the greater the chance of nosocomial infection; p< 0.0001 chi-square). The transfusion group was six times more likely to develop nosocomial infection compared with the nontransfusion group. In addition, for each unit of packed red blood cells transfused, the odds of developing nosocomial infection were increased by a factor of 1.5. A subgroup analysis of nosocomial infection rates adjusted for probability of survival by using MPM-0 scores showed nosocomial infection to occur at consistently higher rates in transfused patients vs. nontransfused patients. A second subgroup analysis adjusted for patient age showed a statistically significant increase in rates of nosocomial infection for transfused patients regardless of age. CONCLUSIONS: Transfusion of packed red blood cells is associated with nosocomial infection. This association continues to exist when adjusted for probability of survival and age. In addition, mortality rates and length of intensive care unit and hospital stay are significantly increased in transfused patients.



	Taylor RW, O’Brien J, Trottier SJ et al.  Red blood cell transfusions and nosocomial infections in critically ill patients.  Crit Care Med 2006 Sep;34(9):2302-8
	
	
	OBJECTIVE: A previous retrospective evaluation of Project Impact data demonstrated an association between red blood cell transfusions, nosocomial infections, and poorer outcomes in critically ill patients, independent of survival probability or patient age. The objective of this study was to determine whether transfused patients, independent of survival probability based on Mortality Prediction Model scores, have higher nosocomial infection rates, longer intensive care unit and hospital lengths of stay, and higher mortality rates than nontransfused patients. DESIGN: Prospective, observational, cohort study. SETTING: A single-center, mixed medical/surgical, closed intensive care unit. PATIENTS:: Adults admitted to St. John's Mercy Medical Center between August 2001 and June 2003 (n = 2,085) were enrolled using Project Impact software. Both nonoperative and postoperative populations were represented, and transfusion decisions were made independently of patient study inclusion. Patients whose nosocomial infection was diagnosed before transfusion were counted as nontransfused. INTERVENTIONS:: None. MEASUREMENTS AND MAIN RESULTS: Nosocomial infections, mortality rates, and intensive care unit and hospital length of stay were the main outcome measures. Of the 2,085 patients enrolled, 21.5% received red blood cell transfusions. The posttransfusion nosocomial infection rate was 14.3% in 428 evaluable patients, significantly higher than that observed in nontransfused patients (5.8%; p < .0001, chi-square). In a multivariate analysis controlling for patient age, maximum storage age of red blood cells, and number of red blood cell transfusions, only the number of transfusions was independently associated with nosocomial infection (odds ratio 1.097; 95% confidence interval 1.028-1.171; p = .005). When corrected for survival probability, the risk of nosocomial infection associated with red blood cell transfusions remained statistically significant (p < .0001). Leukoreduction tended to reduce the nosocomial infection rate but not significantly. Mortality and length of stay (intensive care unit and hospital) were significantly higher in transfused patients, even when corrected for illness severity. CONCLUSIONS: Red blood cell transfusions should be used sparingly, bearing in mind the potential risks of infection and poor outcomes in critically ill patients.




