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Abstract 

Background 

Transfusion practices in hospitalised patients are being re-evaluated, in part due 

to studies indicating adverse effects in patients receiving large quantities of 

stored blood. Concomitant with this re-examination have been reports showing 

variability in the use of specific blood components. This investigation was 

designed to assess hospital variation in blood use and outcomes in cardiac 

surgery patients.  

Methods 

We evaluated outcomes in 24,789 Medicare beneficiaries in the state of 

Michigan, USA who received coronary artery bypass graft surgery from 2003 to 

2006. Using a cohort design, patients were followed from hospital admission to 

assess transfusions, in-hospital infection and mortality, as well as hospital 

readmission and mortality 30 days after discharge. Multilevel mixed-effects 

logistic regression was used to calculate the intrahospital correlation coefficient 

(for 40 hospitals) and compare outcomes by transfusion status. 

Results 

Overall, 30% (95 CI, 20% to 42%) of the variance in transfusion practices was 

attributable to hospital site. Allogeneic blood use by hospital ranged from 72.5% 

to 100% in women and 49.7% to 100% in men. Allogeneic, but not autologous, 

blood transfusion increased the odds of in-hospital infection 2.0-fold (95% CI 1.6 

to 2.5), in-hospital mortality 4.7-fold (95% CI 2.4 to 9.2), 30-day readmission 1.4-

fold (95% CI 1.2 to 1.6), and 30-day mortality 2.9-fold (95% CI 1.4 to 6.0) in 

elective surgeries. Allogeneic transfusion was associated with infections of the 

genitourinary system, respiratory tract, bloodstream, digestive tract and skin, as 

well as infection with Clostridium difficile. For each 1% increase in hospital 

transfusion rates, there was a 0.13% increase in predicted infection rates.  

Conclusions 

Allogeneic blood transfusion was associated with an increased risk of infection at 

multiple sites, suggesting a system-wide immune response. Hospital variation in 

transfusion practices after coronary artery bypass grafting was considerable, 



indicating that quality efforts may be able to influence practice and improve 

outcomes.  

 

 

Background 

The practice of transfusion is in transition. Over the past several decades a body 

of evidence has accumulated that indicates various adverse effects in patients 

who receive transfusions, particularly with exposure to allogeneic blood (that is, 

blood received from a genetically dissimilar individual) [1-5]. Effects include, but 

are not limited to, postoperative pneumonia, sepsis, and mortality [1-5]. The most 

notable study to date, a randomised controlled trial of liberal versus conservative 

red blood cell use [6], demonstrated that, for patients who were less acutely ill, 

mortality was lower in the group receiving fewer transfusions and, for high risk 

patients, mortality was similar in lower and higher transfusion groups. Recent 

studies have implicated prolonged storage of blood products as an important 

factor [7], although investigations of patients’ responses to specific stored blood 

components are ongoing.  

 

Variation in the use of blood components is substantial. Data from patients who 

received coronary artery bypass graft (CABG) surgery at 32 hospitals in the US 

(1996 to 2001) showed the maximum variation possible [8]. During the 

postoperative period, the use of red blood cells, fresh-frozen plasma and 

platelets ranged from 0% (no patients transfused) to 100% (all patients 

transfused) in different hospitals. During the intraoperative period, usage ranged 

from 0% to approximately 70% for red blood cells and 0% to 50% for fresh-frozen 

plasma and platelets.  

 

Anticipating that practices may have changed within the last 5 years, we 

designed a cohort study to evaluate the variation of transfusion use in hospitals 

using more recent data and to assess in-hospital infection, 30-day readmission, 

and 30-day mortality in patients by transfusion status.  

 



Methods 

Participants 

Subjects were all fee-for-service Medicare beneficiaries (n=24,789) who received 

CABG surgery (International Classification of Diseases, Clinical Modification, 

ninth edition (ICD-9) procedure codes 36.1x) from 2003 to the end of 2006. Only 

patients 65 years of age or older, who were Michigan residents or received their 

surgery in a Michigan hospital, were included. In this retrospective cohort study, 

patients were followed from hospital admission to 30 days after hospital 

discharge. Inpatient standard analytical files and denominator files were obtained 

from the Centers for Medicare and Medicaid Services (CMS), and contained 

information regarding hospitalisations and Medicare enrolment.  

 

There were two main areas of investigation. The first was the evaluation of 

differences in transfusion use and infection rates in hospitals and to calculate the 

intraclass (that is, intrahospital) correlation coefficient. The second was the 

assessment of the relationship between transfusion and patient outcomes. The 

primary outcome was infection during hospitalisation. Secondary outcomes were 

death (in-hospital and 30-days post discharge) and readmission to a hospital (for 

any reason and for reason of infection). For post-discharge outcomes, only those 

individuals who survived to hospital discharge were included in the analyses. 

Since infection was the primary outcome, we excluded those patients who were 

initially admitted for reason of infection (prior to the CABG procedure) and those 

with evidence of pre-existing infection (for example, acquired immunodeficiency 

syndrome) during the hospital stay when the CABG procedure occurred. This 

constituted 0.4% of the sample (n=115 patients).  

 

Measures 

Data regarding blood transfusions were extracted from procedure codes (99.0x), 

as well as revenue codes for blood products and services (38x for purchased 

blood and 39x for donated blood). For purposes of these analyses, the receipt of 

an allogeneic transfusion could have included any of the following components at 

any time during hospitalisation: red blood cells, whole blood, platelets, plasma or 



cryoprecipitates. The use of autologous blood (where donor and recipient were 

the same individual) was also obtained from two procedure codes (99.00: 

perioperative autologous transfusion of whole blood or blood components; 99.02: 

transfusion of previously collected autologous blood).  

 

We determined infection by using ICD-9 codes that explicitly stated infection (for 

example, 0xx.xx) or provided evidence of infection (purulent, suppurative, septic, 

pyogenic or abscess). Data were also extracted regarding age, gender, race, 

secondary diagnoses, type of admission (elective, urgent, emergency), and 

length of stay. Less than 1% of values for race and type of admission were 

missing and were imputed using best subset regression. We examined race at 

both the patient and hospital levels; specifically, for purposes of this investigation, 

hospitals were classified as African-American if >50% of the patients who 

received CABG surgery annually were African-American. 

 

Surgeon volume was determined by summing the number of Medicare CABG 

procedures per operating physician, calculating the annual mean, and 

categorising into 2 equal groups based on the median number of cases per year 

(60 CABG procedures/year). Hospital volume was determined by summing the 

number of Medicare CABG procedures and calculating the annual mean. We 

then categorised hospitals into 2 equal groups based on the median number of 

cases per year (240 CABG procedures/year). For the analyses of hospital 

measures and intraclass correlation coefficients, the analyses were restricted to 

those hospitals that performed at least 50 CABG procedures (n=40 hospitals). 

 

Statistical analyses 

Patient characteristics were evaluated first by receipt of allogeneic blood 

transfusion. Bivariate associations were assessed using Pearson χ2 tests for 

categorical data and the Wilcoxon rank sum test for differences in median length 

of hospital stay. Multilevel mixed-effects logistic regression was used to evaluate 

the associations between transfusion and study outcomes (in-hospital infection, 

30-day readmission, 30-day mortality). A two-level hierarchical model was used 



in which patients were nested within hospitals. The hospital was modelled as a 

random intercept with transfusion included as a fixed effect. The structure of the 

covariance matrix for the random effect was specified using the identity structure 

(uncorrelated random effects with common variance). In postestimation, 

predicted probabilities were calculated based on the linear predictor of both fixed 

and random effects. The intraclass correlation coefficient for the multilevel logistic 

model was calculated as described by Snijders and Bosker [9].  

 

In order to address the possible confounding effect of comorbid conditions, 

propensity scores were calculated. Specifically, we estimated the propensity for 

each person to receive a transfusion in order to address the possibility that 

recipients of blood transfusion had more underlying illnesses than those not 

receiving transfusions. The probability of receiving an allogeneic blood 

transfusion was based on the predicted values generated from logistic regression 

using the following covariates: age, gender, race, type of admission (elective, 

urgent, emergency), congestive heart failure, diabetes mellitus, renal failure, 

hypertension, chronic pulmonary disease, malignancy, peripheral vascular 

disease, cerebrovascular disease, and myocardial infarction (area under the 

receiver operating characteristic curve = 0.7368). The scores were categorised 

into deciles. Mean propensity scores were not different among patients 

transfused and not transfused within each block. In addition to adjustment for 

propensity decile, all results controlled for surgeon volume and hospital volume. 

The α was set at 0.05, and all tests were two-tailed. Stata/SE 10.0 software was 

used for all analyses (Stata, College Station, TX, USA).  

 

This study was approved by the Institutional Review Board on Human Subjects 

at the University of Michigan at Ann Arbor and by the Privacy Review Board at 

CMS. 

 

Results 

Patient characteristics 



Of the 24,789 patients receiving CABG surgery in this cohort, the majority were 

men (64%), white (92%), and between the ages of 65 and 74 (54%). Table 1 lists 

the characteristics of the patients. Nearly half of the CABG procedures were 

performed during elective admissions, and conditions such as diabetes mellitus, 

hypertension, myocardial infarction, congestive heart failure and chronic 

pulmonary disease were relatively frequent in this cohort. The median length of 

hospital stay was 9 days in patients who received a transfusion and 6 days in 

those who did not (P<0.001).  

 

Transfusion 

Transfusion during hospitalisation was common; allogeneic blood was given to 

83.9% of patients and autologous blood (only) was used for 1.2% of patients. 

Women were more likely to receive a transfusion than men (93.6% vs 78.5%, 

respectively, for allogeneic blood). There was considerable variation in the use of 

allogeneic blood across hospitals (Figure 1), ranging from 49.7% to 100% 

(median 82.2%) in men and from 72.5% to 100% (median 95.7%) in women. Of 

patients who received a transfusion, the number of units of blood was available 

for only 1%; in this sample, there was a significant difference in the mean number 

of units of blood used across hospitals (P<0.0001).  

 

Infection 

Of the 24,789 patients in the study, 16.2% (n=4,007) had an infection during 

hospitalisation (18.0% in those transfused with allogeneic blood; 9.7% in those 

transfused with autologous blood only; and 6.6% in those not transfused; 

P<0.001). Receipt of allogeneic blood was associated with infection across 

various sites (Table 2). There was a statistically significant increase in infections 

of the genitourinary system, respiratory tract, skin or subcutaneous tissue and 

digestive tract in those given allogeneic blood, as well as an increase in 

septicaemia or sepsis, other postoperative infections, and infection with 

Clostridium difficile.  

 



There was also variation in infection rates across the hospitals (Figure 2), with a 

greater frequency in women than in men (21.1% vs 13.4%, respectively; 

P<0.001). Hospital infection rates ranged from 3.9% to 34.2% in men and from 

7.7% to 43.0% in women.  

 

Regression models 

Odds ratios for the association between transfusion and study outcomes are 

presented in Table 3. In general, patients who received allogeneic transfusions 

(n=20,789) exhibited poorer outcomes than patients who received autologous 

transfusions only (n=308). The odds of infection during hospitalisation in patients 

who received an allogeneic transfusion were twice that of patients who were not 

transfused. For those receiving allogeneic blood, the odds of death during 

hospitalisation were elevated nearly fivefold with elective surgeries and nearly 

fourfold with non-elective surgeries. Likewise, the odds of death in the 30 days 

after discharge were elevated for elective surgeries nearly threefold and, for non-

elective surgeries, over fourfold with allogeneic blood. Readmission within 30 

days post discharge was significantly increased in those transfused with 

allogeneic blood, regardless of type of surgery. Readmission for reason of 

infection was not statistically significant, although it approached significance for 

those who received allogeneic blood with either urgent or emergency surgery.  

 

The odds of infection, mortality and readmission were not significantly elevated 

for patients who received only autologous blood compared to those not receiving 

any transfusions, with one exception. The odds of in-hospital infection were 

elevated with patients receiving autologous transfusions with urgent or 

emergency surgery.  

 

Using the predicted values from the final mixed-effects model with propensity 

score adjustment, the rate of in-hospital infection could be reduced to 13.1% 

(with 759 fewer cases in this population) if all hospital transfusion rates were 

60%. If the transfusion rate were lowered to 50% at the hospital level, the 

expected rate of in-hospital infection would be 11.8%, with 1,070 fewer patients 



infected. For every 1% increase in the rate of transfusion, there was a 0.13% 

increase in the probability of infection at the hospital level.  

 

Intraclass correlation coefficients 

Intraclass correlation coefficients were calculated and are listed in Table 4. 

Overall, the proportion of variation in allogeneic transfusion attributable to 

hospital was 29.95% (95% CI 20.45% to 41.55%). This variation remained similar 

across types of admission (elective, urgent, emergency), patient age category, 

and gender. However, the proportion of variation due to hospital was 

considerably less for African-Americans than for whites (6.47% and 29.97%, 

respectively). This finding was investigated further at both the patient level and 

hospital level (Table 5). Patients who received their surgery at African-American 

hospitals exhibited the greatest frequency of adverse outcomes, regardless of 

their race.  

 

Discussion 

Variation by hospital 

Variability in transfusion practices remains a concern. Overall, 30% of the 

variability in transfusion practices after CABG surgery was attributable to hospital 

site. This variation was present regardless of the type of admission, age group or 

gender of the patient. The overall intraclass correlation coefficient, generated 

from actual patients in this study, was slightly higher than an estimate calculated 

from simulated data [10]. In a cross-sectional survey using 8 case simulations 

sent to physicians in 32 Canadian hospitals in 2004 [10], the intrahospital 

correlation coefficient for red cell transfusion triggers in CABG surgery was found 

to be 14.0% to 24.2%, depending upon the case presentation and the time of 

administration (intraoperative vs postoperative).  

 

Our findings show that there was greater use of allogeneic blood among African-

Americans, as well as less variation in transfusion practices across hospitals in 

such patients. Cross-classifying by patient and hospital levels revealed that the 

effects of race were particularly important at the hospital level. African-American 



hospitals had elevated rates of infection, mortality and readmission in patients of 

all races. African-American patients had better outcomes when they received 

surgery at non-African-American hospitals. Kim and colleagues also reported a 

hospital effect on mortality in African-Americans in a study of academic medical 

centres in the US [11]. They found that receiving CABG surgery at a higher 

volume hospital was of particular benefit to African-American patients.  

 

There have been previous reports of hospital-wide differences in transfusion 

practices for patients receiving CABG surgery in the US [12-15]. In a study of 18 

US institutions [12], plasma use ranged from 0% to 97%; platelet use ranged 

from 0% to 80%; and mean allogeneic red blood cell use ranged from 0.4 to 6.3 

units across hospitals. In a study of 24 academic institutions using low-risk 

patients only [13], 27% to 92% of patients were transfused with packed red blood 

cells at the hospital level; 0% to 36% of patients received platelets; 0% to 36% 

received fresh-frozen plasma; and 0% to 17% of patients were given 

cryoprecipitate. In an investigation of 14 Veterans Administration Medical 

Centers [14], intraoperative transfusion use in hospitals varied from 1.6% to 

28.4% for red blood cells, 0% to 9.7% for fresh-frozen plasma and 4.8% to 18.4% 

for platelets. In a study of 5 university teaching hospitals in the United States 

[15], transfusion of all blood components ranged from 324 to 1,019 units across 

hospitals. Such variation persisted in the late 1990s. In a study using 1996 to 

2001 data from 32 US hospitals [8], variation remained substantial ranging from 

0% to 100% for various blood components. 

 

Mandatory hospital-wide programs to improve transfusion practices have 

resulted in some success in reducing the use of transfusions [16], as have 

specific transfusion guidelines in intensive care units [17] and the adoption of 

transfusion coordinators [18]. Some hospitals have instituted bloodless surgery 

programs while others have utilised restriction or management policies [19]. For 

example, Earley and colleagues found that implementation of transfusion 

restriction practices significantly reduced the incidence of ventilator-associated 

pneumonia in trauma patients [20]. Evidence-based guidelines for blood 



conservation techniques have been published with specific recommendations for 

preoperative and intraoperative measures to reduce blood use in the 

postoperative period [21]. Such multimodal measures may warrant the 

coordination of efforts across disciplines within the hospital. In particular, 

research regarding interventions targeted at hospitalists may be valuable. 

 

Transfusion and adverse outcomes 

Our finding of substantial variation is of particular concern since the receipt of 

allogeneic blood yields risks as well as benefits. The current study demonstrated 

increased infection rates for different sites throughout the body suggesting a 

systemic immunosuppressive effect in the recipient. The increased risk of 

infection was apparent in the bloodstream, respiratory tract, digestive tract, 

urinary tract, skin, and non-specific sites. While the most common infections 

were of the genitourinary system and respiratory tract in our study, the strongest 

associations were for septicaemia or sepsis and for infections with Clostridium 

difficile, both of which carry higher rates of mortality. Allogeneic blood transfusion 

is not yet recognised as a risk factor for C. difficile infection [22] but our data 

indicate that this may be an issue for cardiac surgical patients.  

 

Our findings are consistent with previous work in this field. For example, a meta-

analysis of 20 prospective studies (1986 to 2000) with 13,152 hospitalised 

patients, reported a summary odds ratio for the relation between blood 

transfusion and postoperative bacterial infection of 3.45 overall and 5.26 for 

trauma patients [23]. Mechanisms underlying these adverse effects include the 

contributory effects of leukocytes in allogeneic blood, which resulted in 

widespread leukoreduction of blood components [24,25]. Recent evidence points 

to possible storage problems with blood. Changes in the red cell storage lesion 

are time dependent and several studies have shown increasing rates of infection, 

length of stay, and mortality, as well as acute renal dysfunction in cardiac 

patients with longer durations of storage [7,26]. Koch and colleagues reported 

that cardiac patients who received red blood cells that were stored for more than 



14 days had significantly higher rates of septicaemia or sepsis and mortality than 

patients receiving red blood cells stored for a shorter length of time [7]. 

 

Limitations 

Our findings should be considered in the context of the following limitations. First, 

by nature of the observational study design, we cannot rule out unmeasured 

factors that may account for these outcomes. In particular, we did not measure 

left ventricular systolic function or left main coronary artery disease, which may 

influence prognosis after CABG surgery. Other important factors unavailable in 

this database included procedural details (for example, intra-aortic balloon pump, 

off-pump surgery), medication use (for example, aprotinin), perioperative 

haemoglobin concentrations, and length of storage of the transfused blood. Each 

of these factors could have been differentially distributed in patients at particular 

hospitals and therefore, may have accounted for the hospital level variation in 

practices or differences in patient outcomes.  

 

Unfortunately, we could not adequately assess the effects of specific blood 

components in this study. Although most evidence points to the deleterious 

effects of red blood cells on rates of nosocomial infection [1-5], there are fewer 

investigations of the effects of platelets and plasma, and such reports give 

conflicting results [27-31]. If the association with infection is specific for red blood 

cells only, the pooling of patients with different blood components in our study 

would have biased the reported odds ratios towards the null.  

 

In a previous investigation, the sensitivity and specificity of using ICD-9 

procedure codes for blood transfusion have been found to be 83% and 100%, 

respectively [32]. In this study, revenue centre blood codes were also used and 

therefore, we expect that the sensitivity is greater than using procedure codes 

alone.  

 

Conclusions 



In summary, we found that 30% of the variation in transfusion practices was 

attributable to hospital. Allogeneic but not autologous transfusion was associated 

with nosocomial infection at multiple sites, readmission to the hospital within 30 

days after discharge, and mortality. The safety of patients undergoing CABG will 

likely be improved if hospitals carefully review current guidelines on allogeneic 

blood transfusion, closely adhere to such guidelines, and institute interventions to 

reduce inappropriate use of blood transfusions in recipients of CABG.  

 

Competing interests 

The authors declare that they have no competing interests.  

 

Authors' contributions 

MAMR and NB participated in the initial inception of the study hypotheses. 

MAMR, SS and KML assisted in securing funding for the project. MAMR, SS and 

KML assisted in obtaining the data. MAMR conducted the statistical analyses. 

NB, SS, KLM and BKM assisted in directing the analyses. MAMR, NB, SS, KLM 

and BKN participated in drafting and editing the manuscript. MAMR, NB, SS, 

KLM and BKN approved the final manuscript.  

 

Acknowledgements 

This study was supported by the Blue Cross Blue Shield of Michigan Foundation. 

The funding agency had no role in the design and conduct of the study; 

collection, management, analysis, and interpretation of the data; and preparation, 

review, or approval of the manuscript.  



References 

1. Marik PE, Corwin HL: Efficacy of red blood cell transfusion in the 

critically ill: a systematic review of the literature. Crit Care Med 2008, 

36:2667-2674. 

2. Taylor RW, O'Brien J, Trottier SJ, Manganaro L, Cytron M, Lesko MF, 

Arnzen K, Cappadoro C, Fu M, Plisco MS, Sadaka FG, Veremakis C: Red 

blood cell transfusions and nosocomial infections in critically ill 

patients. Crit Care Med 2006, 34:2302-2308. 

3. Reeves BC, Murphy GJ: Increased mortality, morbidity, and cost 

associated with red blood cell transfusion after cardiac surgery. Curr 

Opin Cardiol 2008, 23:607-612. 

4. Murphy GJ, Reeves BC, Rogers CA, Rizvi SIA, Culliford L, Angelini GD: 

Increased mortality, postoperative morbidity, and cost after red 

blood cell transfusion in patients having cardiac surgery. Circulation 

2007, 116:2544-2552. 

5. Gerber DR: Transfusion of packed red blood cells in patients with 

ischemic heart disease. Crit Care Med 2008, 36:1068-1074. 

6. Hébert PC, Wells G, Blajchman MA, Marshall J, Martin C, Pagliarello G, 

Tweeddale M, Schweitzer I, Yetisir E: 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 1999, 340:409-417. 



7. Koch CG, Li L, Sessler DI, Figueroa P, Hoeltge GA, Mihaljevic T, 

Blackstone EH: Duration of red-cell storage and complications after 

cardiac surgery. N Engl J Med 2008, 358:1229-1239. 

8. Snyder-Ramos SA, Möhnle P, Weng YS, Böttiger BW, Kulier A, Levin J, 

Mangano DT, investigators of the Multicenter Study of Perioperative 

Ischemia, MCSPI Research Group: The ongoing variability in blood 

transfusion practices in cardiac surgery. Transfusion 2008, 48:1284-

1299. 

9. Snijders TAB, Bosker RJ: Multilevel analysis. an introduction to basic and 

advanced multilevel modelling. London, UK: Sage Publications, Ltd., 

1999. 

10. Shehata N, Wilson K, Mazer CD, Tomlinson G, Streiner D, Hébert P, 

Naglie G: The proportion of variation in perioperative transfusion 

decisions in Canada attributable to the hospital. Can J Anesth 2007, 

54:902-907. 

11. Kim DH, Daskalakis C, Lee AN, Adams S, Hohmann S, Silvestry SC, 

Medvedev S, Whellan DJ: Racial disparity in the relationship between 

hospital volume and mortality among patients undergoing coronary 

artery bypass grafting. Ann Surg 2008, 248:886-892. 

12. Goodnough LT, Johnston MF, Toy PT: The variability of transfusion 

practice in coronary artery bypass surgery. JAMA 1991, 265:86-90. 

13. Stover EP, Siegel LC, Parks R, Levin J, Body SC, Maddi R, D'Ambra MN, 

Mangano DT, Spiess BD: Variability in transfusion practice for 

coronary artery bypass surgery persists despite national consensus 



guidelines: a 24-institution study. Institutions of the Multicenter 

Study of Perioperative Ischemia Research Group. Anesthesiology 

1998, 88:327-333. 

14. Covin R, O'Brien M, Grunwald G, Brimhall B, Sethi G, Walczak S, 

Reiquam W, Rajagopalan C, Shroyer AL: Factors affecting transfusion 

of fresh frozen plasma, platelets, and red blood cells during elective 

coronary artery bypass graft surgery. Arch Path Lab Med 2003, 

127:415-423. 

15. Surgenor DM, Churchill WH, Wallace EL, Rizzo RJ, McGurk S, 

Goodnough LT, Kao KJ, Koerner TA, Olson JD, Woodson RD: The 

specific hospital significantly affects red cell and component 

transfusion practice in coronary artery bypass graft surgery: a study 

of five hospitals. Transfusion 1998, 38:122-134. 

16. Rehm JP, Otto PS, West WW, Grange JJ, Halloran BG, Lynch TG, Baxter 

BT: Hospital-wide educational program decreases red blood cell 

transfusions. J Surg Res 1998, 75:183-186. 

17. Wahl WL, Hemmila MR, Maggio PM, Arbabi S: Restrictive red blood cell 

transfusion: not just for the stable intensive care unit patient. Am J 

Surg 2008, 195:803-806.  

18. Freedman J, Luke K, Escobar M, Vernich L, Chiavetta JA: Experience of 

a network of transfusion coordinators for blood conservation 

(Ontario Transfusion Coordinators [ONTraC]). Transfusion 2008, 

48:237-250. 



19. Brevig J, McDonald J, Zelinka ES, Gallagher T, Jin R, Grunkemeier GL: 

Blood transfusion reduction in cardiac surgery: multidisciplinary 

approach at a community hospital. Ann Thorac Surg 2009, 87:532-539. 

20. Earley AS, Gracias VH, Haut E, Sicoutris CP, Wiebe DJ, Reilly PM, 

Schwab CW: Anemia management program reduces transfusion 

volumes, incidence of ventilator-associated pneumonia, and cost in 

trauma patients. J Trauma 2006, 61:1-5. 

21. Society of Thoracic Surgeons Blood Conservation Guideline Task Force, 

Ferraris VA, Ferraris SP, Saha SP, Hessel EA 2nd, Haan CK, Royston 

BD, Bridges CR, Higgins RS, Despotis G, Brown JR, Society of 

Cardiovascular Anesthesiologists Special Task Force on Blood 

Transfusion, Spiess BD, Shore-Lesserson L, Stafford-Smith M, Mazer 

CD, Bennett-Guerrero E, Hill SE, Body S: Perioperative blood 

transfusion and blood conservation in cardiac surgery: the Society 

of Thoracic Surgeons and The Society of Cardiovascular 

Anesthesiologists clinical practice guideline. Ann Thorac Surg 2007, 

83:S27-86. 

22. Garey KW, Sethi S, Yadav Y, DuPont HL: Meta-analysis to assess risk 

factors for recurrent Clostridium difficile infection. J Hosp Infection 

2008, 70:298-304. 

23. Hill GE, Frawley WH, Griffith KE, Forestner JE, Minei JP: Allogeneic 

blood transfusion increases the risk of postoperative bacterial 

infection: a meta-analysis. J Trauma 2003, 54:908-914. 



24. Blumberg N: Allogeneic transfusion and infection: economic and 

clinical implications. Semin Hematol 1997, 34(3 Suppl 2):34-40. 

25. Bilgin YM, Brand A: Transfusion-related immunomodulation: a second 

hit in an inflammatory cascade? Vox Sang 2008, 95:261-271. 

26. Tinmouth A, Fergusson D, Yee IC, Hébert PC: Clinical consequences of 

red cell storage in the critically ill. Transfusion 2006, 46:2014-2027. 

27. Bochicchio GV, Napolitano L, Joshi M, Bochicchio K, Shih D, Meyer W, 

Scalea TM: Blood product transfusion and ventilator-associated 

pneumonia in trauma patients. Surg Infection 2008, 9:415-422. 

28. Vamvakas EC, Carven JH: Exposure to allogeneic plasma and risk of 

postoperative pneumonia and/or wound infection in coronary artery 

bypass graft surgery. Transfusion 2002, 42:107-113. 

29. Sarani B, Dunkman WJ, Dean L, Sonnad S, Rohrbach JI, Gracias VH: 

Transfusion of fresh frozen plasma in critically ill surgical patients is 

associated with an increased risk of infection. Crit Care Med 2008, 

36:1114-1118. 

30. Sreeram GM, Welsby IJ, Sharma JD, Phillips-Bute, B, Smith PK, 

Slaughter TF: Infectious complications after cardiac surgery: lack of 

association with fresh frozen plasma or platelet transfusions. J 

Cardiothorac Vascular Anesth 2005, 19:430-434. 

31. Spiess BD, Royston D, Levy JH, Fitch J, Dietrich W, Body S, Murkin J, 

Nadel A: Platelet transfusion during coronary artery bypass graft 

surgery are associated with serious adverse outcomes. Transfusion 

2004, 44:1143-1148. 



32. Segal JB, Ness PM, Powe NR: Validating billing data for RBC 

transfusions: a brief report. Transfusion 2001, 41:530-533. 

 

Figure legends 

Figure 1 

Variation across hospitals in use of allogeneic blood transfusion for men 

and women undergoing coronary artery bypass graft surgery. 

 

Figure 2 

Variation across hospitals in infection for men and women undergoing 

coronary artery bypass graft surgery. 

 

Tables 

Table 1. Characteristics of patients who underwent coronary artery bypass 

graft surgery 

Allogeneic transfusion   

Yes No Total  

Patient characteristics  n = 20,789 n = 4,000 n = 24,789 P value 

Age (years): 65 to 69 5,069 (77%) 1,487 (23%) 6,556 (100%)  

 70 to 74 5,488 (82%) 1,238 (18%) 6,726 (100%)  

 75 to 79 5,761 (87%) 876 (13%) 6,637 (100%)  

 80 to 84 3,513 (91%) 350 (9%) 3,863 (100%)  

 >85 958 (95%) 49 (5%) 1,007 (100%) <0.001 

Gender: Men 12,522 (78%) 3,438 (22%) 15,960 (100%)  

 Women 8,267 (94%) 562 (6%) 8,829 (100%) <0.001 

Race: White 19,035 (83%) 3,804 (17%) 22,839 (100%)  

 Black 1,250 (90%) 133 (10%) 1,383 (100%)  

 Other 504 (89%) 63 (11%) 567 (100%) <0.001 

Type of admission: Elective 9,183 (80%) 2,289 (20%) 11,472 (100%)  

 Urgent 6,035 (85%) 1,083 (15%) 7,118 (100%)  



 Emergency 5,571 (90%) 628 (10%) 6,199 (100%) <0.001 

Hospital CABG volume 

(annual mean): <240 10,988 (87%) 1,595 (13%) 12,583 (100%)  

 >240 9,801 (80%) 2,405 (20%) 12,206 (100%) <0.001 

Surgeon CABG volume 

(annual mean): <60 10,796 (87%) 1,605 (13%) 12,401 (100%)  

 >60 9,993 (81%) 2,395 (19%) 12,388 (100%) <0.001 

Coexisting conditions: Diabetes mellitus 5,747 (82%) 1,227 (18%) 6,974 (100%) <0.001 

 Renal failure 2,006 (93%) 152 (7%) 2,158 (100%) <0.001 

 

Myocardial 

infarction 7,207 (86%) 1,157 (14%) 8,364 (100%) <0.001 

 

Congestive heart 

failure 6,593 (93%) 529 (7%) 7,122 (100%) <0.001 

 Hypertension 11,063 (80%) 2,851 (20%) 13,914 (100%) <0.001 

 

Peripheral 

vascular disease 2,491 (84%) 474 (16%) 2,965 (100%) 0.813 

 

Cerebrovascular 

disease 1,586 (86%) 265 (14%) 1,851 (100%) 0.027 

 

Chronic 

pulmonary 

disease 5,014 (86%) 830 (14%) 5,844 (100%) <0.001 

 Malignancy 463 (84%) 85 (16%) 548 (100%) 0.687 

CABG=coronary artery bypass graft. 

 

Table 2. Association between allogeneic blood transfusion and type of 

infection during hospitalisation for coronary artery bypass graft surgery 

Outcome: 

Number (%) 

with infection 

during 

hospitalisation 

Odds ratio for 

allogeneic 

transfusion* 

(95% CI) P value 

Genitourinary system infection 1,567 (6.3%) 1.27 (1.03, 1.55) 0.023 



Respiratory tract infection 1,247 (5.0%) 2.45 (1.88, 3.21) <0.001 

Septicaemia or sepsis 506 (2.0%) 3.65 (2.22, 6.00) <0.001 

Infection of skin or subcutaneous tissue 392 (1.6%) 2.27 (1.48, 3.48) <0.001 

Postoperative infection (site undefined) 382 (1.5%) 2.02 (1.31, 3.11) 0.002 

Infection with C. difficile  127 (0.5%) 3.16 (1.36, 7.35) 0.008 

Circulatory system infection 130 (0.5%) 1.65 (0.92, 2.95) 0.093 

Digestive tract infection 118 (0.5%) 2.11 (1.01, 4.44) 0.048 

Note: some patients had more than one type of infection. 

*Adjusted for propensity score, surgeon volume and hospital volume. 

 

Table 3. Odds ratios for the association between transfusion and outcomes 

for patients who underwent coronary artery bypass graft surgery 

Outcomes: 

Number (%) 

with outcome 

Odds ratio for 

autologous 

transfusion (95% CI)* P value 

Odds ratio for 

allogeneic transfusion 

(95% CI)* P value 

Elective surgery:      

In-hospital infection 1,305 (11.4%) 1.02 (0.56, 1.86) 0.936 1.98 (1.59, 2.46) <0.001 

In-hospital mortality 325 (2.8%) 0.96 (0.12, 7.69) 0.968 4.67 (2.38, 9.18) <0.001 

30-day readmission 

to hospital 2,488 (22.3%) 0.70 (0.44, 1.12) 0.140 1.43 (1.25, 1.65) <0.001 

30-day readmission 

for infection 402 (3.6%) 0.94 (0.39, 2.24) 0.881 1.09 (0.82, 1.46) 0.555 

30-day post-

discharge mortality  155 (1.4%) 1.06 (0.13, 8.69) 0.957 2.88 (1.38, 5.98) 0.005 

Urgent or 

emergency 

surgery:      

In-hospital infection 2,702 (20.3%) 1.99 (1.12, 3.55) 0.019 1.82 (1.51, 2.20) <0.001 

In-hospital mortality 637 (4.8%) 1.24 (0.16, 9.68) 0.837 3.82 (2.18, 6.70) <0.001 

30-day readmission 

to hospital 3,610 (28.5%) 1.36 (0.79, 2.34) 0.266 1.68 (1.44, 1.96) <0.001 



30-day readmission 

for infection 543 (4.3%) 1.88 (0.72, 4.90) 0.199 1.39 (1.00, 1.93) 0.052 

30-day post-

discharge mortality  290 (2.3%) NE NE 4.65 (1.90, 11.39) 0.001 

The comparison group consisted of patients who received no transfusions. 

*Adjusted for propensity score, surgical volume and hospital volume.  

NE=not estimable due to small numbers. 

 

Table 4. Variation is use of allogeneic transfusion attributable to hospital 

for patients who underwent coronary artery bypass graft surgery 

Group: 

Intraclass 

correlation 

coefficient 95% Confidence interval 

Overall 29.95% 20.45% to 41.55% 

Type of admission:   

  Elective 29.30% 19.67% to 41.22% 

  Urgent 25.68% 16.35% to 37.91% 

  Emergency 26.43% 16.14% to 40.14% 

Age:   

  <70 years 30.06% 19.85% to 42.71% 

  >70 years 27.44% 18.26% to 39.04% 

Gender:   

  Men 31.17% 21.15% to 43.33% 

  Women 24.77% 15.36% to 37.38% 

Race:   

  White 29.97% 20.43% to 41.63% 

  African-American 6.47% 1.89% to 19.86% 

 

Table 5. Adverse outcomes by patient-level and hospital-level race 

 

Percentage 

transfused 

Percentage 

with infection 

In-hospital 

mortality 

30-Day 

readmission 



African-American hospitals:     

  African-American patients 93.7% 34.5% 7.0% 51.2% 

  Other patients 90.0% 26.1% 5.7% 34.1% 

Non-African-American hospitals:     

  African-American patients 89.5% 19.3% 4.9% 29.8% 

  Other patients 83.4% 15.7% 3.8% 24.0% 

 



Figure 1



Figure 2
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