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Objectives: Evidence is accumulating of adverse outcomes associated with transfusion of blood components.
If there are differences in perioperative transfusion rates in cardiac surgery, and what hospital factors may
contribute, requires further investigation.

Methods: Analysis of 42,743 adult patients who underwent 43,482 procedures from 2005 to 2011 at
25 Australian hospitals, according to the Australian and New Zealand Society of Cardiac and Thoracic Surgeons
Cardiac Surgery Database. Multiple logistic regression examined associations of patient and hospital
characteristics with transfusion of �1 red blood cell (RBC) unit; platelet (PLT), fresh frozen plasma (FFP),
and cryoprecipitate (CRYO) doses; and �5 RBC units, from surgery until hospital discharge.

Results: Procedures included 24,222 (55%) isolated coronary artery bypass grafts, 7299 (17%) isolated valve,
4714 (11%) coronary artery bypass graft and valve, and 7247 (17%) other procedures. After adjustment for
various patient and procedure characteristics, transfusion rates varied across hospitals for �1 RBC unit from
22% to 67%, �5 RBC units from 5% to 25%, �1 PLT dose from 11% to 39%, �1 FFP dose from 11% to
48% and �1 CRYO dose from 1% to 20%. Hospital characteristics, including state or territory, private versus
public, and teaching versus nonteaching, were not associated with variation in transfusion rates.

Conclusions: Variation in transfusion of all components and large volume RBC was identified, even after
adjustment for patient and procedural factors known to influence transfusion, and this was not explained by
hospital characteristics. (J Thorac Cardiovasc Surg 2014;147:1684-90)

Supplemental material is available online.

A substantial proportion of blood components worldwide
are issued to patients undergoing cardiac surgery. In
Australia this is the second most common surgical
indication for red blood cell (RBC) use; the largest single
indication for fresh frozen plasma (FFP), accounting for
approximately 15% of all plasma use; and the second
largest indication for platelet (PLT) transfusion after
hematology and oncology.1,2 Despite the significant use of
blood components by patients undergoing cardiac surgery,
the evidence to guide transfusion therapy is limited,
particularly for components other than RBCs. There have
been few studies on the optimal triggers for RBC
transfusion, and these have been mostly in other clinical
settings.3,4 Studies on the use of FFP and PLT in cardiac
surgery are also limited, with varying results regarding
outcomes.5-8

There is evidence of significant variation in the transfu-
sion rates of blood components in cardiac surgery between
institutions and individual clinicians,9-12 and this variation
has been shown to continue following publication of
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transfusion practice guidelines.13 A previous small Austra-
lian survey conducted in 2004 reported substantial variation
in RBC use between institutions following cardiac
surgery.14 It is not known if these differences persist, if
this also applies to the use of non-RBC components, and
if hospital characteristics contribute to differences in
practice. In our study, we investigated if significant
variation exists in blood product use in cardiac surgery, after
adjusting for patient-related variables that might reasonably
influence the need for transfusion. We also investigated if
hospital characteristics account for variation in transfusion
rates after adjusting for patient-level characteristics.

METHODS
Patients

All cardiac surgery patients aged 18 years or older reported to the

Australian and New Zealand Society for Cardiac and Thoracic Surgery

(ANZSCTS) Cardiac Surgery Database, between January 1, 2005, and

December 31, 2011, from 25 Australian hospitals, were included in the

study. Not all 25 hospitals reported for the entire study duration; however,

once reporting commenced all consecutive cases were included.

During this period there were a total of 43,482 procedures recorded in

42,743 adult patients at the 25 hospitals. These included isolated coronary

artery bypass graft (CABG) in 24,222 (55%), isolated valve in 7299

(17%), CABG and valve in 4714 (11%), and other procedure in 7247

(17%). Procedures (n ¼ 147) in patients younger than age 18 years were

excluded.

ANZSCTS Cardiac Surgery Database
The ANZSCTS Cardiac Surgery Database prospectively collects

information on all adult patients undergoing cardiac surgery at

participating hospitals using a standardized data set and definitions,

including patient demographics, preoperative risk factors, preoperative

medications, intraoperative details, transfusion therapy received (including

number of units of RBCs, PLTs, FFP, and cryoprecipitate [CRYO]), length

of stay, complications, and patient outcomes.15

Statistical Methods
Summary statistics for continuous data are reported as mean and

standard deviation or median and interquartile range as appropriate, and

as number and percent for categorical variables.

Binary categorical variables for the outcomes of interest were created:

�1 RBC unit, large-volume RBC transfusion (�5 RBC units), low-

volume RBC transfusion (1 or 2 RBC units), �1 FFP adult equivalent

dose, �1 PLT adult equivalent dose, and �1 CRYO adult equivalent

dose. Logistic regression analyses explored the association between

covariates, including hospital site, and outcomes, using a backward

stepwise approach. Variables that were associated with the outcomes of

interest with a P value <.25 were considered for the multiple logistic

regression models. Pearson’s correlation was used to assess variables for

potential colinearity, with the more clinically relevant variable selected

where present. Covariates considered for the models were those which

that reasonably influence a decision to transfuse and included hospital

site, patient age, sex, body mass index, peripheral or cerebrovascular

disease, prior myocardial infarction, diabetes, New York Heart Association

functional class, lung disease, infective endocarditis, preoperative

creatinine, medications (including antiplatelet agents within 5 days,

anticoagulants, and immunosuppressive therapy), previous cardiothoracic

procedure, procedure type and urgency, preoperative shock, and use of

intra-aortic balloon pump. Correlation of hospital-adjusted rates of RBC

versus PLT and RBC versus FFP were also assessed. Analysis was

performed on all procedures and repeated for first-time CABG only.

To explore the association of hospital-level characteristics and outcome,

variables for the type of institution (academic affiliation and private or

public) and in which area they were located, the median number of cardiac

procedures performed annually, and previous covariates were added in

multiple multilevel logistic regression models, where hospital site was

now modeled as a random effect.16

All analyses were performed using the statistical software packages

Stata 11.2 (Statacorp LP, College Station, Tex).

RESULTS
Patient demographics, comorbidities, and surgical and

hospital characteristics for all procedures are shown in
Table 1. The total number of cardiac surgeries performed
at each hospital ranged from 312 to 4193 (median, 1327;
IQR, 669-2557) and the median annual number of cardiac
surgeries performed at each hospital ranged from 154 to
588 (median, 238; IQR, 164-353).
The most important patient characteristics associated

with RBC transfusion in multivariate analysis based on
effect size included patient age (odds ratio [OR], 1.1;
95% confidence interval [CI], 1.0-1.1), New York Heart
Association functional class II or greater heart failure
(class IV OR, 1.7; 95% CI, 1.5-1.9) procedure other than
isolated CABG or valve (OR, 2.2; 95% CI, 1.9-2.3),
previous cardiac surgery (OR, 1.3; 95% CI, 1.2-1.4), urgent
(OR, 2.9; 95% CI, 2.5-3.2) or emergency surgery (OR, 3.7;
95% CI, 2.1-6.5), and the use of acetylsalicylic acid
(OR, 1.2; 95% CI, 1.1-1.2) or clopidogrel (OR, 1.1; 95%
CI, 1.1-1.2) within 7 days before surgery.
The rate of transfusion, after adjusting for patient and

surgical characteristics, of any RBC unit ranged between
hospitals from 22% to 67%, �5 RBC units from 5% to
24%, 1 or 2 RBC units from 10% to 34%, �1 PLT dose
from 10% to 39%, �1 FFP dose from 10% to 44%, and
�1 CRYO dose from 1% to 21%. The hospital-adjusted
rates of transfusion of RBC, PLTs, FFP, and CRYO for all
procedures are shown in Figure 1. Similar variation in
adjusted rates of blood product use was also present when
the analysis was limited to only isolated CABG procedures
with no history of previous cardiac surgery (Figure E1).
Hospital rates of RBC versus PLT transfusion and RBC
versus FFP transfusion after adjustment for patient and
surgical characteristics are shown in Figure 2.

Abbreviations and Acronyms
ANZSCTS ¼ Australian and New Zealand Society

of Cardiac and Thoracic Surgeons
CABG ¼ coronary artery bypass graft
CRYO ¼ cryoprecipitate
FFP ¼ fresh frozen plasma
PLT ¼ platelet
RBC ¼ red blood cell
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