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INTRODUCTION

Anemia is common in the critically ill and results in the frequent use of red cell transfusions1,2.  For

decades, an arbitrary transfusion threshold of 100 g/L has been employed widely in clinical medicine

including the management of critically ill patients3.  Recently, a reevaluation of this practice was promp-

ted both by the fear of transfusion-related infections such as AIDS and the prospect of an ever decrea-

sing blood supply46. These concerns also resulted in the formulation of red cell transfusion guidelines

by a number of organizations for the use of red cells7 10.  However, published guidelines, for the most

part,  have not addressed how red cells should be administered in critically ill patients. This patient

population is affected by complex metabolic, respiratory and cardiovascular pathophysiological pro-

cesses which predispose this patient population to the adverse consequences of anemia such as the

potential risk of myocardial infarction and death.   It is also possible that critically ill patients are at

increased risks of adverse consequences from allogeneic red cell transfusions, particularly the immu-

nosuppressive1116 and microcirculatory1719 effects of red cells. 

Despite the conflicting rationale for different approaches to the administration of red cells, there

remains very few well controlled clinical trials evaluating transfusion practice.  In a recent systematic

review of transfusion practice20, five randomized controlled clinical trials (RCT) identified contrasted two

transfusion strategies in the perioperative and critical care setting21 25.  All studies were too small to pro-

vide clinically useful inferences in critically ill patients.  Transfusion decisions in critically ill patients are

therefore based on studies evaluating adaptive responses to anemia26 and transfusions or observatio-

nal studies and poorly controlled clinical trials20.  In this article, the background outlining the divergent

risks and benefits of anemia and transfusion will be discussed.  Studies describing the epidemiology of

anemia and current transfusion practices will also be outlined.     

TRANSFUSION PRACTICE VARIATION IN CRITICAL CARE

Two observational studies, a survey of critical care physicians and a large cohort study, were

conducted to determine individual and hospital practice variation.  In a 1993 Canadian survey of critical

care practitioners27, we documented that 35% of respondents identified 90 g/L as minimum concentra-
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tion and an additional 40% selected 100 g/L. Overall baseline transfusion thresholds ranged from a low

of 50 g/L to 120 g/L. Thresholds were significantly different (p<0.001) between scenarios

(Figure 1). All clinical characteristics evaluated, except congestive heart failure (p>0.05), significantly

(p< 0.0001) changed transfusion thresholds of Canadian critical care practitioners. We also noted signi-

ficant difference among the four clinical scenarios and a number of potential risk factors. There was a

significant association between having an academic affiliation and transfusion practice across all sce-

narios ( p<0.0001).  Physicians with an academic affiliation transfused red cells at a lower transfusion

threshold than non-academics.  When grouped into 4 major geographic locations (West, Ontario,

Quebec, East), with no more than 5 academic centres per region, we noted that there was a statisti-

cally significant difference (p<0.01) for baseline transfusion thresholds across all scenarios.  In a second

study we examined the transfusion practice in a cohort of 5298 consecutive patients treated in six  ter-

tiary level intensive care units.  Twenty five percent of the critically ill patients in the cohort study recei-

ved red cell transfusions.  The overall number of transfusions per patient-day in the ICU averaged

0.95±1.39 and ranged from 0.82±1.69 to 1.08±1.27 between institutions (p<0.001).  The number of

transfusions administered were significantly different between institutions even after multivariate adjust-

ments for age, APACHE II score and within four diagnostic categories (cardiovascular disease, respi-

ratory failure, major surgery and trauma) (p<0.0001).  A similar analysis using nadir hemoglobin

concentrations, the lowest hemoblobin value prior to the first transfusion or the lowest value recorded

during the entire ICU stay, also demonstrated that there is significant institutional practice variation

(p<0.0001) (Figure 2).  Further evaluation of  transfusion practice using a survey of physicians treating

patients in this cohort documented that 35% (202 of 576) of pre-transfusion hemoglobin concentrations

were in the range of 95-105 g/L and 80% of the orders were for two packed cell units.  The most fre-

quent reasons for administering red cells were the acute bleeding (35%) and the augmentation of O2

delivery (25%).  Both studies provide compelling evidence of significant individual, institutional and

regional variation in critical care transfusion practice indicating uncertainty regarding optimal hemoglo-

bin levels and a need for further study.

EVIDENCE FOR RESTRICTIVE AND LIBERAL APPROACHES TO TRANSFUSIONS

The liberal use of red cells in critically ill patients may be justified based on the theory that O2 deli-

very should be increased or maintained at high levels in critically ill patients because of the possibility

of ongoing tissue damage from ischemia.  Disease processes such as sepsis and adult respiratory dis-

tress syndrome(ARDS) 28 46 have been hypothesized to induce tissue hypoxia by producing an abnor-

mally elevated anaerobic threshold.  Below this threshold or critical level of oxygen delivery, O2

consumption decreases as O2 delivery decreases.  This abnormal linear relationship is often referred

to as "pathologic supply dependence".  The resultant tissue hypoxia may eventually contribute to the

evolution of irreversible multiple system organ failure followed by death.  Indeed, two prospective

observational studies34,38 found a significant association between mortality and the finding of pathologic

supply dependence. 

A number of clinical trials47 49 have attempted to define optimal levels of O2 delivery in critically ill

and high risk perioperative patients.  All seven randomized open-labelled clinical trials47 53 evaluated the-

rapeutic interventions other than red cells to augment O2 delivery.  A recent meta-analysis combining
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results from these studies suggested greater benefit from augmented O2 delivery in the perioperative

setting54.  However, there is still very limited consensus as to which patients are most likely to benefit

from increased O2 delivery and which intervention or approach is superior (i.e. fluids, red cells, inotro-

pic agents or some combination of these interventions).  It is also important to note that all published

RCTs maintained hemoglobin values greater than 100 g/L, hence inferences regarding optimal red cell

transfusion strategies were not possible. 

In addition to RCTs, we identified 13 before and after trials evaluating the impact of red cell trans-

fusions on oxygen kinetics (Table 1).  O2 delivery uniformly increased but O2 consumption was obser-

ved to change in only 5 of the studies.  The lack of change in O2 consumption reflects either metho-

dologic errors55 or patients who did not have an elevated anaerobic threshold rather than an indication

that red cell were unnecessary as suggested by one of the studies56.  In summary, the liberal admi-

nistration of allogeneic red cells using a threshold of at least 100 g/L may be justified based on the pre-

sence of  pathological supply dependency in critically ill patients3,57,58. 

Critical care practitioners may opt to transfuse more liberally in patients considered at risk of coro-

nary artery disease or having established cardiac disease.  Two large cohort studies have documented

that increasing degrees of anemia were associated with a disproportionate increase in mortality rates

in the subgroup of patients with cardiac disease.  Critically ill patients1 with cardiac disease had a trend

towards an increased mortality when hemoglobin values were < 95 g/L (55% versus 42%, p=0.09) as

compared to anemic patients 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) respective-

ly, p=0.01).  In Jehovah’s Witness patients undergoing surgical interventions59, the adjusted odds of

death increased from 2.3 (95%CI of 1.4 to 4.0) to 12. 3 (95%CI of 2.5 to 62.1) as preoperative hemo-

globin values declined from a range of 100 - 109 g/L to 60 - 69 g/L in patients with cardiac disease.  In

non-cardiac patients with comparable levels of anemia, there was no impact of anemia on mortality.

Even though both studies were observational in nature and may not have controlled for a number of

important confounders, it appears that anemia increases the risk of death in patients with cardiac disea-

se.  As a corollary, moderate levels of anemia may be safely tolerated in critically ill patients with other

diagnoses. 

A more conservative approach to the administration of red cells in the perioperative setting  has

been advocated by many clinical practice guidelines7,9.  Most of these guidelines highlight the risks

associated with the transmission of viruses such HIV and hepatitis through transfusions as an impor-

tant concern.  In addition to the direct transmission of viruses, critically ill patients may also be at increa-

sed risks of adverse consequences from allogeneic red cell transfusions, particularly the immunosup-

pressive and microcirculatory effects of red cells.  In a bibliographic search of the literature, we identi-

fied 6 randomized controlled clinical trials examining the role of transfused red cells in immune modu-

lation11 16.  There were mixed results from these studies.  Only three studies, comparing  either leuko-

depleted red cells13,14 or autologous transfusions16, to allogeneic transfusions demonstrated decreased

rates of postoperative infections.  If allogeneic red cells result in clinically important immune suppres-

sion, this may result in significant increases in the rates of nosocomial infections, multisystem organ
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dysfunction and death, given that infections are a major cause of morbidity and mortality in the ICU.  

While the effect of hemoglobin levels (hematocrit) on systemic O2 transport in the central circu-

lation have been well studied, it remains unclear how raising hematocrit levels might impact on O2 deli-

very in the microcirculation60 62.  There are many storage-related changes in red cells5,63 72 and changes

caused by diseases such as sepsis17 19,73,74 that decreases red cell deformability and the ability to off-load

O2 in the microcirculation.  In conjunction with significant systemic microcirculatory dysfunction obser-

ved in many critically ill patients, the decrease in red cell deformability may dramatically affect tissue

oxygen delivery in many critically ill patients17 19,73. Therefore, there is evidence to suggest that  red cell

transfusions increase systemic O2 delivery but may have adverse effects on microcirculatory O2 deli-

very to the tissues.

In a systematic review published prior to the TRICC trial, we identified 5 RCTs attempting to

contrast all of these benefits, risks, harms and costs of red cell transfusion in a total of 813 patients.

One of the studies enrolled otherwise healthy patients with a gastrointestinal hemorrhage.  The study

documented an increase in coagulation abnormalities following the use of a more liberal transfusion

strategy.  Patients undergoing coronary revascularization were included in two studies21,22.  Johnson et

al22 randomized 39 patients to receive either a liberal transfusion strategy (maintaining hematocrit levels

of 32% or hemoglobin concentrations of 105 g/L) or a conservative approach (maintaining hematocrit

levels of 25% or hemoglobin concentrations of 82 g/L). There was not any difference in postoperative

complication rates in the two groups even though the conservative group experienced a significant

decrease in total postoperative blood use.   A second RCT, carried out by Weisel et al21, assessed day

five exercise tolerance as well as hemodynamic and myocardial metabolic response following normo-

volemic hemodilution in 27 patients.  Patients received either red cells if their hemoglobin concentra-

tions fell below 120g/L in addition to colloids in one group (n=13) versus crystalloids and allogeneic red

cells only if hemoglobins fell below 70g/L (n=14).  Though patients in the low hemoglobin trigger group

received significantly less red cell transfusions than the other group, there were no differences in mor-

bidity, mortality or exercise tolerance.  In a small subset of patients (n=6), there were differences in the

rate of myocardial lactate recovery in the low hemoglobin trigger group suggesting increased myocar-

dial ischemia from anemia.  Hébert et al24 randomly allocated 69 critically ill patients to a restrictive red

cell transfusion strategy (hemoglobin concentrations between 70 g/L - 90 g/L) or a liberal strategy

(hemoglobin concentrations between 100 g/L - 120 g/L) in order to evaluate the impact of the treat-

ments on mortality rates, organ dysfunction scores and other markers of morbidity.  The results showed

that neither mortality nor the development of organ dysfunction were affected by the transfusion strate-

gy.  However, the maintenance hemoglobin concentrations between 70 and 90 g/L decreased the ave-

rage number of units transfused from 4.8 to 2.5 units (a 48% reduction, p<0.001).  Finally, a clinical trial

in critically ill trauma victims randomly allocated 25 patients to allogeneic red cell transfusions once

hematocrit levels reached either 30% or 40%.  The authors concluded that there were no discernable

differences in O2 transport variables between both transfusion strategies23.  In summary, all five stu-

dies enrolled too few patients to make significant inferences regarding important outcomes from red cell

transfusions.  There were a number of reasons to administer transfusions either according to a liberal

or a restrictive transfusion regimen (Table 2).     
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THE TRANSFUSION REQUIREMENTS IN CRITICAL CARE TRIAL

We recently completed and published a large multicentre clinical trial entitled ”Transfusion

Requirements in Critical Care” (TRICC) trial.  The study was designed to determine whether a restric-

tive and a liberal transfusion strategy were equivalent in usual clinical ICU practice.  We reasoned that

if both transfusion strategies were found to be equivalent, then a lower threshold should be recom-

mended in critically ill patients.  We enrolled 838 patients admitted to one of the 22 tertiary level inten-

sive care units (ICU)and 3 community ICUs from across Canada between November 1st , 1994 and

November 14th, 1997.  All ICUs had a full time intensivist or a critical care team caring for patients on

a daily basis.  We included patients who: 1) were expected to stay more than 24 hours; 2) had a hemo-

globin concentration less than or equal to 9.0 g/dL within 72 hours of ICU admission; and 3) were consi-

dered volume resuscitated or normovolemic by the attending staff.  Once randomized, a study patient's

hemoglobin level was maintained using allogeneic red cell transfusions as required.  Patients allocated

to the restrictive strategy had their hemoglobin levels maintained between 7.0 and 9.0 g/dL, with a

transfusion trigger at 7.0 g/dL.  Patients allocated to a liberal transfusion strategy had their hemoglobin

levels maintained between 10.0 and 12.0 g/dL, with a transfusion trigger at 10.0 g/dL.  Blinding of treat-

ment allocation was not feasible. 

For hundred and eigtheen patients were enrolled in the restrictive group and 420 to the liberal

group.  Baseline characteristics were comparable between groups.  Average hemoglobin  concentra-

tions (8.5 ± 0.72 vs 10.7 ± 0.73 g/dL, p<0.01) (Figure 3) and RBC units transfused (2.6 ± 4.1 vs. 5.6±

5.3 RBC units,p<0.01) (Figure 4) were significantly lower in the restrictive as compared to the liberal

group.  Overall, 30 day mortality tended to be lower in the restrictive transfusion group (18.7% vs 23.3%,

p = 0.11).  However, 30 day mortality rates were significantly decreased (8.7% vs 16.1%, p=0.03) in

patients who were less acutely ill (Acute Physiologic and Chronic Health Evaluation II score £ 20) and

less than 55 years of age (5.7%and 13.0%, p = 0.02) but not in patients with significant cardiac disea-

se (22.9% vs 20.5%, p = 0.69).  Hospital mortality was significantly lower in the restrictive group (22.3%

vs 28.1%, p=0.05).  Other mortality rates, including ICU mortality (13.9% vs 16.2%, p =0.29) and 60

day mortality (22.8% vs 26.5%, p =0.23), were not significantly  different  but were always lower in abso-

lute terms in the restrictive group.  The multiple organ dysfunction score, modified to include mortality,

was significantly less in the restrictive group overall (10.7±7.5 vs 11.8±7.7, p = 0.03) (Table 3).

Therefore, in the TRICC trial, a trend towards decreased 30 day mortality was observed in patients trea-

ted according to a restrictive RBC transfusion strategy as compared to a more liberal approach to RBC

transfusion.  The significant differences noted in hospital mortality and in several subgroups, the increa-

sed rates of cardiac complications, and increased rates of combined organ dysfunction and mortality all

favored the restrictive strategy.  Thus, the use of an allogeneic red cell transfusion threshold as low as

7.0 g/dL combined with maintenance of hemoglobin concentrations in a low range was not only equi-

valent but possibly superior to a more liberal transfusion strategy in volume resuscitated critically ill

patients. 

Even though a large RCT has been completed, there are a number of questions remain to be

answered.  One of the most important questions is why the liberal RBC transfusion strategy failed to

improve 30 day mortality and rates of organ failure in critically ill patients?  It is conceivable that the
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greater number of allogeneic RBC units significantly depressed host immune responses75,76 in the libe-

ral group resulting increased mortality rates from nosocomial infections and multisystem organ dys-

function.  We were however, unable to detect an increased rate of infection or use of antibiotics in the

liberal transfusion group because over 26% of patients had an existing infection upon randomization

into the trial.  Nonetheless, the TRICC data parallel the increased mortality observed in patients trans-

fused with more than 3 units of RBCs, reported in a recent RCT comparing leukodepleted versus non-

leukodepleted allogeneic RBC transfusions in cardiac surgery patients75.  Second, age related changes

in RBC due to storage71,72,77 and/or changes caused by diseases such as sepsis78,79 may have contribu-

ted to decrease tissue O2 delivery in multi-transfused patients compared to that seen in conservative-

ly transfused patients.  A recent study by Marik and Sibbald77 observed a decrease in O2 delivery in

the gastrointestinal tract measured using gastric tonometry in critically ill patients transfused allogeneic

RBC units, stored for 15 days or more, compared to that seen in units stored for less than 15 days.

CAN THE TRICC TRIAL RESULTS BE APPLIED TO PATIENTS WITH CARDIAC DISEASE?

From two observational studies1,59 and number of laboratory studies80 86 have established coro-

nary artery disease as a risk factor in anemic patients.  In the TRICC trial, three hundred and twenty

three volume resuscitated critically ill patients were diagnosed with cardiovascular disease.  In this sub-

group, 30 day mortality was similar in the restrictice as compared to the liberal transfusion strategy (20%

vs 22%, p = 0.68).  However, 30 day mortality rates tended to be lower  in the restrictive RBC transfu-

sion strategy group in patients who had an Acute Physiologic and Chronic Health Evaluation II score £

20 (7.0% vs 14.0%, p=0.27)and less than 55 years of age (17% and 18%, p = 0.30).  Other mortality

rates, including hospital, ICU and 60 day mortality were not significantly different between groups.

Changes in multiple organ dysfunction from baseline scores were significantly less in the restrictive

transfusion group overall (0.2 ±4.0 vs 1.2±4.4, p = 0.03).  ICU length of stay also tended to be lower in

the restrictive as compared to the liberal RBC transfusion strategy arm(9.3 ±9.3 vs 11.3 ±11.7 days,

p=0.09) (Table 4).  In contrast to the observational studies this  subgroup analysis did not document

adverse consequences from the use of a restrictive strategy.  We expect that inferences would not be

subject to comparable selection biases and confounding potentially affecting the observational studies.

Therefore, it appears that a restrictive strategy can also be recommended in patients with cardiovas-

cular disease but because of possible selection biases, this recommendation should be considered with

caution in patients with acute coronary syndromes.

CONCLUSIONS 

Around the world, the transmission of viruses through blood transfusions have resulted in devas-

tating health consequences and major changes to the blood collection and delivery systems of many

countries.  This same fear continues to fuel a multi-billion dollar industry aiming to develop new tech-

nologies to replace red cells(e.g. O2 carrier) or minimize patient exposure(e.g. drugs such erythropoei-

tin and aprotinin, techniques such as hemodilution and perioperative autologous transfusion).  In the

perioperative setting, drugs such as erythropoeitin and aprotinin decrease allogeneic exposure by one

to two red cell units on average87, often costing several thousand dollars without any evidence docu-

menting their overall effectiveness.  In contrast, the Transfusion Requirements in Critical Care  trial 24
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demonstrated that a transfusion trigger of 7.0 g/dL and maintaining hemoglobin concentrations between

7.0 and 9.0 g/dL was at worst equivalent and very likely superior to the more liberal use of red cells.  A

restrictive strategy is truly a superior therapy because clinical outcomes are superior, transfusions are

decreased by 54% and costs are minimized.  In summary, we recommended the adoption of a restric-

tive RBC transfusion strategy in most ICU patients.  In addition, we suggest that further research should

be done to ensure the  generalizability of our results in important subgroups and to explore the possible

mechanism that might explain why red cell transfusions did not improve outcomes in the critically ill.

REFERENCES
1. Hebert PC, Wells G, Tweeddale M, Martin C, Marshall J, Pham B, et al. Does transfusion practice affect mortality in critically
ill patients? Am J Respir Crit Care Med 1997; 155:A20 Abstract.
2. Corwin HL, Parsonnet KC, Gettinger A. RBC transfusion in the ICU.  Is there a reason? Chest 1995; 108:767771.
3. Cane RD. Hemoglobin: how much is enough? Crit Care Med 1990; 18:10461047.
4. Phillips TF, Soulier G, Wilson RF. Outcome of massive transfusion exceeding two blood volumes in trauma and emergency
surgery. J Trauma 1987; 27:903910.
5. Welch HG, Meehan KR, Goodnough LT. Prudent strategies for elective red blood cell transfusion. Ann Intern Med 1992;
116:393402.
6. Surgenor DM, Wallace EL, Hale SG, Gilpatrick MW. Changing patterns of blood transfusions in four sets of United States hos-
pitals, 1980 to 1985. Transfusion 1988; 28:513518.
7. American College of Physicians. Practice strategies for elective red blood cell transfusion. Ann Intern Med 1992; 116:403406.

8. Petz LD, Tomasulo PA. Red cell transfusion. In: Kolins J, McCarthy LJ, editors. Contemporary transfusion practice.
Arlington,VA: American Association of Blood Banks, 1987:126.

9. Consensus Conference (National Institutes of Health). Perioperative red blood cell transfusion. JAMA 1988; 260:2700
2703.

10. Expert Working Group. Guidelines for red blood cells and plasma transfusion for adults and children. Can Med Assoc
J 1997; 156:S1S24.

11. Houbiers JGA, Brand A, van de Watering LMG, Hermans J, Verwey PJM, Bijnen AB, et al. Randomised controlled
trial comparing transfusion of leucocyte depleted or buffy coat depleted blood in surgery for colorectal cancer. Lancet 1996;
344:573578.

12. van de Watering LMG, Houbiers JGA, Hermans J, Harvey MS, Bouter H, Boer F, et al. Leukocyte depletion reduces
postoperative mortality in patients undergoing cardiac surgery. Br J Haematol 1996; 93:312

13. Jensen LS, Andersen AJ, Christiansen PM, Hokland P, Juhl CO, Madsen G, et al. Postoperative infection and natu-
ral killer cell function following blood transfusion in patients undergoing elective colorectal surgery. Br J Surg 1992; 79:513516.

14. Jensen LS, KissmeyerNielsen P, Wolff B, Qvist N. Randomised comparison of leucocyte depleted versus buffy coat
poor blood transfusion and complications after colorectal surgery. Lancet 1996; 348:841845.

15. Busch ORC, Hop WCJ, Hoynck van Papendrecht MAW, Marquet RL, Jeekel J. Blood transfusions and prognosis in
colorectal cancer. N Engl J Med 1993; 328:13721376.

16. Heiss MM, Memple W, Jauch K, Delanoff C, Mayer G, Mempel M, et al. Beneficial effects of autologous blood trans-
fusion on infectious complications after colorectal cancer surgery. Lancet 1993; 342:13281333.

17. Hurd TC, Dasmahapatra KS, Rush BF, Machiedo GW. Red blood cell deformability in human and experimental sep-
sis. Arch Surg 1988; 123:217220.

18. Langenfeld JE, Livingston DH, Machiedo GW. Red cell deformability is an early indicator of infection. Surgery 1991;
110:398404.

19. Baker CH, Wilmoth FR, Sutton ET. Reduced RBC versus plasma microvascular flow due to endotoxin. Circ Shock
1986; 20:127139.

20. Hebert PC, Schweitzer I, Calder L, Blajchman M, Giulivi A. Review of the clinical practice literature on allogeneic red
blood cell transfusion. Can Med Assoc J 1997; 156:S9S26.

21. Weisel RD, Charlesworth DC, Mickleborough LL, Fremes SE, Ivanov J, Mickle DAG, et al. Limitations of blood conser-
vation. J Thorac Cardiovasc Surg 1984; 88:2638.

22. Johnson RG, Thurer RL, Kruskall MS, Sirois C, Gervino EV, Critchlow J, et al. Comparison of two transfusion strate-
gies after elective operations for myocardial revascularization. J Thorac Cardiovasc Surg 1992; 104:307314.

23. Fortune JB, Feustel PJ, Saifi J, Stratton HH, Newell JC, Shah DM. Influence of hematocrit on cardiopulmonary func-
tion after acute hemorrhage. J Trauma 1987; 27:243249.

24. Hebert PC, Wells GA, Marshall JC, Martin CM, Tweeddale M, Pagliarello G, et al. Transfusion requirements in critical
care. A pilot study. JAMA 1995; 273:1439 1444.

25. Blair SD, Janvrin SB, McCollum CN, Greenhalgh RM. Effect of early blood transfusion on gastrointestinal haemor-
rhage. Br J Surg 1986; 73:783785.

26. Hebert PC, Hu LQ, Biro GP. Review of physiologic mechanisms in response to anemia. Can Med Assoc J 1997;
156:S27S40.

27. Hebert PC, Schweitzer I, Wells GA, Pagliarello G, Martin C, Tweeddale M, et al. A survey of red cell transfusion prac-
tices in Canadian critical care practitioners. Clin Invest Med 1994; 17:B22 Abstract.

28. Ronco JJ, Phang PT, Walley KR, Wiggs B, Fenwick JC, Russell JA. Oxygen consumption is independent of changes
in oxygen delivery in severe adult respiratory distress syndrome. Am Rev Respir Dis 1991; 143:12671273.

29. Conrad SA, Dietrich KA, Hebert CA, Romero MD. Effect of red cell transfusion on oxygen consumption following fluid

resuscitation in septic shock. Circ Shock 1990; 31:419429.
30. Ronco JJ, Montaner JSG, Fenwick JC, Ruedy J, Russell JA. Pathologic dependence of oxygen consumption on oxy-

gen delivery in acute respiratory failure secondary to AIDSrelated Pneumocystis carinii pneumonia. Chest 1990; 98:14631466.

31. Fenwick JC, Dodek PM, Ronco JJ, Phang PT, Wiggs B, Russell JA. Increased concentrations of plasma lactate pre-

ANEMIA AND RED CELL TRANSFUSION IN CRITICAL CARE 
PAUL C. HÉBERT MD

55



dict pathologic dependence of oxygen consumption on oxygen delivery in patients with adult respiratory distress syndrome. J Crit
Care 1990; 5:8186.

32. Gilbert EM, Haupt MT, Mandanas RY, Huaringa AJ, Carlson RW. The effect of fluid loading, blood transfusion, and

catecholamine infusion on oxygen delivery and consumption in patients with sepsis. Am Rev Respir Dis 1986; 134:873878.
33. Powers SR, Jr., Mannal R, Neclerio M, English M, Marr C, Leather R, et al. Physiologic consequences of positive

endexpiratory pressure (PEEP) ventilation. Ann Surg 1973; 178:265272.
34. Gutierrez G, Pohil RJ. Oxygen consumption is linearly related to O2 supply in critically ill patients. J Crit Care 1986;

1:4553.
35. Vincent JL, Roman A, De Backer D, Kahn RJ. Oxygen uptake/supply dependency. Effects of shortterm dobutamine

infusion. Am Rev Respir Dis 1990; 142:27.
36. Vincent JL, Roman A, Kahn RJ. Dobutamine administration in septic shock: addition to a standard protocol. Crit Care

Med 1990; 18:689693.
37. Silverman HJ, Slotman G, Bone RC, Maunder R, Hyers TM, Kerstein MD, et al. Effects of prostaglandin E1 on oxy-

gen delivery and consumption in patients with the adult respiratory distress syndrome. Chest 1990; 98:405410.
38. Bihari D, Smithies M, Gimson A, Tinker J. The effects of vasodilation with prostacyclin on oxygen delivery and upta-

ke in critically ill patients. N Engl J Med 1987; 317:397403.
39. Bihari DJ, Tinker J. The therapeutic value of vasodilator prostaglandins in multiple organ failure associated with sep-

sis. Intensive Care Med 1988; 15:27.
40. Kaufman BS, Rackow EC, Falk JL. The relationship between oxygen delivery and consumption during fluid resusci-

tation of hypovolemic and septic shock. Chest 1984; 85:336340.
41. Haupt MT, Gilbert EM, Carlson RW. Fluid loading increases oxygen consumption in septic patients with lactic acido-

sis. Am Rev Respir Dis 1985; 131:912916.
42. Wolf YG, Cotev S, Perel A, Manny J. Dependence of oxygen consumption on cardiac output in sepsis. Crit Care Med

1987; 15:198203.
43. Kariman K, Burns SR. Regulation of tissue oxygen extraction is disturbed in adult respiratory distress syndrome. Am

Rev Respir Dis 1985; 132:109114.
44. Kruse JA, Haupt MT, Puri VK, Carlson RW. Lactate levels as predictors of the relationship between oxygen delivery

and consumption in ARDS. Chest 1990; 98:959962.
45. Russell JA, Ronco JJ, Lockhat D, Belzberg A, Kiess M, Dodek PM. Oxygen delivery and consumption and ventricu-

lar preload are greater in survivors than in nonsurvivors of the adult respiratory distress syndrome. Am Rev Respir Dis 1990;
141:659665.

46. Dorinsky PM, Costello JL, Gadek JE. Relationships of oxygen uptake and oxygen delivery in respiratory failure not
due to the adult respiratory distress syndrome. Chest 1988; 93:10131019.

47. Gattinoni L, Brazzi L, Pelosi P, Latini R, Tognoni G, Pesenti A, et al. A trial of goaloriented hemodynamic therapy in
critically ill patients. N Engl J Med 1995; 333:10251032.

48. Boyd O, Ground M, Bennett D. A randomized clinical trial of the effect of deliberate perioperative increase of oxygen
delivery on mortality in highrisk surgical patients. JAMA 1993; 270:26992707.

49. Hayes MA, Timmins AC, Yau EHS, Palazzo M, Hinds CJ, Watson D. Elevation of systemic oxygen delivery in the
treatment of critically ill patients. N Engl J Med 1994; 330:17171722.

50. Tuchschmidt J, Fried J, Astiz ME, Rackow E. Elevation of cardiac output and oxygen delivery improves outcome in
septic shock. Chest 1992; 102:216220.

51. Shoemaker WC, Appel PL, Kram HB, Waxman K, Lee TS. Prospective trial of supranormal values of survivors as the-
rapeutic goals in highrisk surgical patients. Chest 1988; 94:11761186.

52. Yu M, Levy MM, Smith P, Takiguchi SA, Miyasaki A, Myers SA. Effect of maximizing oxygen delivery on morbidity and
mortality rates in critically ill patients: a prospective, randomized, controlled study. Crit Care Med 1993; 21:830838.

53. Yu M, Takanishi D, Myers SA, Takiguchi SA, Severino R, Hasaniya N, et al. Frequency of mortality and myocardial
infarction during maximizing oxygen delivery: a prospective, randomized trial. Crit Care Med 1995; 23:10251032.

54. Heyland DK, Cook DJ, King D, Kernerman P, BrunBuisson C. Maximizing oxygen delivery in critically ill patients: a
methodologic appraisal of the evidence. Crit Care Med 1996; 24:517524.

55. Russell JA, Wiggs BR. Oxygen kinetics: pitfalls in clinical research revisited. J Crit Care 1990; 5:213217.
56. Babineau TJ, Dzik WH, Borlase BC, Baxter JK, Bistrian BR, Benotti PN. Reevaluation of current transfusion practices

in patients in surgical intensive care units. Am J Surg 1992; 164:2225.
57. Czer LSC, Shoemaker WC. Optimal hematocrit value in critically ill postoperative patients. Surg Gynecol Obstet 1978;

147:363368.
58. Crosby ET. Perioperative haemotherapy: I. Indications for blood component transfusion. Can J Anesth 1992; 39:695

707.
59. Carson JL, Duff A, Poses RM, Berlin JA, Spence RK, Trout R, et al. Effect of anaemia and cardiovascular disease on

surgical mortality and morbidity. Lancet 1996; 348:10551060.
60. Messmer KFW. Acceptable hematocrit levels in surgical patients. World J Surg 1987; 11:4146.
61. Messmer K, Kreimeier U, Intaglietta M. Present state of intentional hemodilution. Eur Surg Res 1986; 18:254263.
62. Messmer K, Sunder Plassmann L, Klovekorn WP, Holper K. Circulatory significance of hemodilution: rheological

changes and limitations. Adv Microcirc 1972; 4:177.
63. Kennedy AC, Valtis DJ. The oxygen dissociation curve in anemia of various types. J Clin Invest 1954; 33:13721381.
64. Sugerman HJ, Davidson DT, Vibul S, Delivoria Papadopoulos M, Miller LD, Oski FA. The basis of defective oxygen

delivery from stored blood. Surg Gynecol Obstet 1970; 137:733741.
65. Race D, Dedichen H, Schenk WGJ. Regional blood flow during dextraninduced normovolemic hemodilution in the

dog. J Thorac Cardiovasc Surg 1967; 53:578586.
66. Collins JA. Massive blood transfusion. Clinics Hematol. 1976; 5:201222.
67. Sohmer PR, Dawson RB. Transfusion therapy in trauma:  a review of the principles and techniques used in the

M.I.E.M.S. program. Ann Surg 1979; 45:109125.
68. McConn R, Derrick JB. The respiratory function of blood:  transfusion and blood storage. Anesthesiology 1972; 36:119

127.
69. Jesch F, Webber LM, Dalton JW, Carey JS. Oxygen dissociation after transfusion of blood stored in ACD or CPD solu-

Textes des Communications

56



tion. J Thorac Cardiovasc Surg 1975; 70:3539.
70. Haradin AR, Weed RI, Reed CF. Changes in physical properties of stored erythrocytes. Relationship to survival in vivo.

Transfusion 1969; 9:229237.
71. LaCelle PL. Alteration of deformability of the erythrocyte membrane in stored blood. Transfusion 1969; 9:238245.
72. Longster GH, Buckley T, Sikorski J, Tovey LAD. Scanning electron microscope studies of red cell morphology.

Changes occurring in red cell shape during storage and post transfusion. Vox Sang 1972; 22:161170.
73. Mollitt DL, Poulos ND. The role of pentoxyfilline in endotoxininduced alterations of red cell deformability and whole

blood viscosity in the neonate. J Pediatr Surg 1991; 26:572574.
74. Powell RJ, Machiedo GW, Rush BFJ, Dikdan G. Oxygen free radicals: effect on red blood cell deformability in sepsis.

Crit Care Med 1991; 19:732735.
75. van de Watering LMG, Hermans J, Houbiers JGA, van den Broek PJ, Bouter H, Boer F, et al. Beneficial effects of leu-

kocyte depletion of transfused blood on postoperative complications in patients undergoing cardiac surgery. Circulation 1998;
97:562568.

76. Bordin JO, Heddle NM, Blajchman MA. Biologic effects of leukocytes present in transfused cellular blood products.
Blood 1994; 84:17031721.

77. Marik PE, Sibbald WJ. Effect of storedblood transfusion on oxygen delivery in patients with sepsis. JAMA 1993;
269:30243029.

78. Sielenkamper AU, Chin Yee IH, Martin CM, Sibbald WJ. Diaspirin crosslinked hemoglobin improves systemic O2 upta-
ke in O2 supplydependent septic rats. Am J Respir Crit Care Med 1997; 156:10661072.

79. Martin CM, Iwao Y, Potter R, ChinYee IH, Sibbald WJ. Decreased mucosal capillary perfusion following transfusion of
stored blood in control and septic rats. Am J Respir Crit Care Med 1996; 153:A464

80. Jan KM, Chien S. Effect of hematocrit variations on coronary hemodynamics and oxygen utilization. Am J Physiol
1977; 233:H106H113.

81. Wilkerson DK, Rosen AL, Sehgal LR, Gould SA, Sehgal HL, Moss GS. Limits of cardiac compensation in anemic
baboons. Surgery 1988; 103:665670.

82. Geha AS. Coronary and cardiovascular dynamics and oxygen availability during acute normovolemic anemia. Surgery
1976; 80:4753.

83. Geha AS, Baue AE. Graded coronary stenosis and coronary flow during acute normovolemic anemia. World J Surg
1978; 2:645652.

84. Hagl S, Heimisch W, Meisner H, Erben R, Baum M, Mendler N. The effect of hemodilution on regional myocardial
function in the presence of coronary stenosis. Basic Res Cardiol 1977; 72:344364.

85. Jan K M, Heldman J, Chien S. Coronary hemodynamics and oxygen utilization after hematocrit variations in hemor-
rhage. Am J Physiol 1980; 239:H326H332.

86. Most AS, Ruocco NA, Gewirtz H. Effect of a reduction in blood viscosity on maximal myocardial oxygen delivery dis-
tal to a moderate coronary stenosis. Circulation 1986; 74:10851092.

87. Forgie M, Wells PS, Ferguson D. A metaanalysis of the efficacy of preoperative autologous donation of blood. Blood
1996; 88:529A Abstract.

88. Shah DM, Gottlieb ME, Rahm RL, Stratton HH, Barie PS, Paloski WH, et al. Failure of red blood cell transfusion to
increase oxygen transport or mixed venous PO2 in injured patients. J Trauma 1982; 22:741746.

89. Steffes CP, Bender JS, Levison MA. Blood transfusion and oxygen consumption in surgical sepsis. Crit Care Med
1991; 19:512517.

90. Dietrich KA, Conrad SA, Hebert CA, Levy GL, Romero MD. Cardiovascular and metabolic response to red blood cell
transfusion in critically ill volumeresuscitated nonsurgical patients. Crit Care Med 1990; 18:940944.

91. Lorente JA, Landin L, De Pablo R, Renes E, Rodriguez Diaz R, Liste D. Effects of blood transfusion on oxygen trans-
port variables in severe sepsis. Crit Care Med 1993; 21:13121318.

92. Mink RB, Pollack MM. Effect of blood transfusion on oxygen consumption in pediatric septic shock. Crit Care Med
1990; 18:10871091.

93. Lucking SE, Williams TM, Chaten FC, Metz RI, Mickell JJ. Dependence of oxygen consumption on oxygen delivery
in children with hyperdynamic septic shock and low oxygen extraction. Crit Care Med 1990; 18:13161319.

ANEMIA AND RED CELL TRANSFUSION IN CRITICAL CARE 
PAUL C. HÉBERT MD

57



Te
x

te
s d

e
s C

o
m

m
u

n
ic

a
tio

n
s

58

TA
B

L
E

 1: T
h

irteen
 stu

d
ies exam

in
in

g
 O

2 d
elivery, O

2 co
n

su
m

p
tio

n
, an

d
 L

actate b
efo

re an
d

 after red
cell tran

sfu
sio

n
Changes in measurements of 

post-transfusion

Author & Pub. Year Study Population No. of Patients Average # ∠ HgB ∠ Do2 (1) ∠ Vo2 (2) Lactate Comments
of Transfusions

Ronco, et al 30

(1990) PCP Pneumonia 5 1.5 U Yes Yes Yes NA(3) All patients had – lactate at baseline.
Thermodilution used for  DO2/VO2 measurements.

Fenwick, et al 31

(1990) ARDS 24 1.5 U Yes Yes No No Normal lactate (n=1) were compared to high lactate (n=13) group.
Yes Yes No Yes Used hemodilution catheter for all measurements.

Significant increases in VO2 in response to transfusion in high lactate group.
Ronco, et al 28

(1991) ARDS 17 1.5 U Yes Yes No NA Normal lactate (n=7) compared to high lactate group (n=10).
No relationship between VO2 and DO2 when VO2 directly measured with expired
gases.

Shah, et al 88

(1982) Posttrauma 8 1 or 2 U Yes Yes Yes NA 1 RBC unit (n=5) or 2 units (n=3) given to patients.
Thermodilution used for DO2/VO2 measurements.

Steffes, et al 89 Postoperative
(1991) + Posttrauma 21 1-2 U Yes Yes Yes No 27 measurements sets in 21 patients.

Thermodilution used for DO2 and VO2 measurements.
Increased lactate values did not predict VO2 response.

Babineau, et al 56

(1992) Postoperative 31 328±9 ml Yes Yes No NA 32 of 33 transfusions were single units.
Themodilution used for DO2/VO2 measurements.
58% of transfusions did not increase VO2.

Gilbert, et al 32

(1988) Septic 17 _ 20 g/L(4) Yes Yes No No 33 measurement sets in 31 patients.
10 of 17 patients had increased lactate.
VO2 significantly increased in high group only.

Dietrich, et al 90

(1990) Medical shock 32 577 ml Yes Yes No No 36 measurement sets in 32 patients.
(septic/cardiac) No change in VO2 after transfusion.

Thermodilution used for DO2/VO2 measurements.
Conrad, et al 29

(1990) Septic shock 19 _ 30 g/L(4) Yes Yes No No Normal lactate (n=8) compared to high lactate (n=11) group.
No increase in VO2 with transfusion in either group.
Thermodilution used for DO2/VO2 measurements.

Marik, et al 77

(1993) Septic 23 3 U Yes Yes No No DO2 measured independently of VO2.
Using gastric tonometry, patients receiving old red cells developed evidence of gastric
ischemia.

Lorento, et al 91

(1993) Septic 16 2 U Yes Yes No NA Dobutamine significantly increased VO2 while red cells did not.
Thermodilution used for DO2/VO2 measurements.

Mink, et al 92 8-10 ml/kg
(1990) Septic shock 8 x 1-2 h Yes Yes No NA In pediatric patients, VO2 did not increase with red cells.

2 mo - 6 yrs Thermodilution used for DO2, VO2 measurements.
Lucking, et al 93 10-15 ml/kg
(1990) Septic shock 7 x 1-3 h Yes Yes Yes NA 8 measurement sets in 7 patients.

4 mo - 15 yrs Thermodilution used for DO2/VO2 measurements.

(1) “– Do2" means increased 02 delivery
(2) “– Vo2" means increased 02 consumption
(3) “NA” means not available 
(4) Authors only indicated average hemoglobin change not number of units transfused
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Table 2. Theoretical reasons supporting the restrictive or the liberal use of allogeneic red cells in nor-
movolemic critically ill patients.

Table 3: Outcomes of 838 Patients Enrolled in the TRICC Trial

Rationale supporting the liberal use of red cells

1) Augmenting O2  delivery may improve survival 

2) Increased risk of coronary ischemia due to increased demand

3) Age, disease severity and drugs may interfere with adaptation to anemia

4) Improved safety margin if further blood loss

Rationale supporting the restrictive use of red cells

1) Red cell transfusions impair microcirculatory flow

2) Pathologic supply dependency is rare

3) Risks of viral infections

4) Immunodepression causing increased infections following transfusion

5) Cardiac consequences of red cells less important

Characteristics Restrictive Liberal  Group Absolute 95 % CI of P Values
Group (n = 420) Difference Difference

(n = 418) between groups‡
( %) Lower Upper

Mortality 
Rates No. ( %)
30-day 78 (18.7) 98 (23.3) 4.7 - 0.8 10.2 0.11
60-day† 95 (22.8) 111(26.5) 3.7 - 2.1 9.3 0.23
ICU 56 (13.9) 68 (16.2) 2.3 - 2.0 7.6 0.29
Hospital 93(22.3) 118(28.1) 5.8 -0.3 11.7 0.05
Organ Dysfunction
(mean ± SD)
MOD score 8.3 ± 4.6 8.8 ± 4.4 0.5 0.1 1.1 0.10
MOD score* 10.7 ± 7.5 11.8 ± 7.7 1.1 0.8 2.2 0.03
_ MOD score§ 3.2 ± 7.0 4.2 ± 7.4 1 0.1 2 0.04
Organ Failure
0 Failures 100 (23.9) 81 (19.3)
1 Failure 136 (32.5) 149 (35.6)
2 Failures 109 (26.1) 108 (26.0)
3 Failures 51 (12.2) 63 (15.0)
> 3 Failures 22 (5.3) 18 (4.3) 1.8 3.4 7.1 0.36
Length of stay
(mean ± SD)
ICU (days) 11.0 ± 10.7 11.5 ± 11.3 0.5 1.0 2.0 0.53
Hospital (days) 34.8 ± 19.5 35.5 ± 19.4 0.7 1.9 3.4 0.58

* Non-survivors are considered to have all organs failing on date of death.
† There were 3 patients lost to 60-day mortality rate, therefore n = 835.
‡ Difference calculated by subtracting mean values of restrictive group from liberal

group.
§ Changes in MOD score from baseline while also incorporating adjustment for

death.¶ Comparing >3 MSOF to £3.
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Table 4: Outcomes of all Cardiovascular Patients Enrolled in the TRICC Trial

Description of outcomes Restrictive Liberal Difference 95% CI of Difference P Values
(n=148) (n=175) Lower Upper

Mortality Rates No. (%)
30-day 29 (20) 38 (22) 2.12 -6.8 11.0 0.68
60-day 35 (24) 46 (26) 2.79 -6.7 12.3 0.61
ICU 26 (18) 28 (16) 1.75 -6.6 9.7 0.77
Organ Failure & Dysfunction
MODS 8.6 ± 4.9 9.2 ± 4.4 0.6 -0.4 1.6 .3
_ MODS 0.18 ± 4.1 1.17 ± 4.4 0.99 0.01 1.9 .04
MODS* 10.6 ± 7.6 11.8 ± 7.4 1.2 -0.5 2.9 .17
_ MODS* 2.3 ± 6.5 3.9 ± 7.1 1.5 0.01 3.0 .04
MSOF* N0.(%) 
0 Failures 36 (24) 27 (15)
1 Failure 44 (29) 61 (35)
2 Failures 26 (18) 27 (15)
3 Failures 10 (7) 18 (10)

> 3 Failures 32 (22) 42 (24) 2.0 -6.7 11.9 0.17**
Complications No.(%) 
Cardiac 30 (20) 45(26) 5.4 0.29
Pulmonary 40(27) 48(27) 0.4 0.94
Hematologic 5(3) 8(5) 1.2 0.78
Gastrointestinal 5(3) 7(4) 0.6 0.77
Infectious 13(9) 19(11) 2.1 0.58
Neurologic 8(5) 18(10) 4.9 0.15
Shock 23(15) 24(14) 1.7 0.75
Any complication 75(51) 100(57) 6.4 0.25
Length of Stay, mean ± SD
ICU (days) 9.3 ± 9.3 11.3 ± 11.7 2.0 -0.3 4.3 0.09
Hospital 32.7 ± 19.5 34.9 ± 19.5 2.2 -2.1 6.5 0.32

* Non survivors are considered to have all organs failing on date of death
** Comparing > 3 MSOF to <=3
To a maximum of 60 days 
Ischemic heart disease (with and without revascularization), Congestive heart failure,
Cardiac arrest, Severe hyprrtension, Valvular heart disease,
Cerebrovascular disease, Shock Abdominal aortic aneurysm, and pulmonary
embolism/pulmonary hypertension




