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Abstract

Background: Preoperative autologous blood donation is commonly used to reduce ex-
posure to allogeneic transfusions among patients undergoing elective cardiac
surgery. However, this technique is associated with an overall increase in transfu-
sions (allogeneic or autologous). The authors assessed the impact of transfusion de-
cision-making on the effectiveness of preoperative autologous donation in reducing
the frequency of allogeneic transfusions, and its impact on the increased transfusion
rate associated with preoperative autologous donation in cardiac surgery.

Methods: This retrospective analysis compared transfusion practices among 176
patients who predonated autologous blood before elective cardiac surgery and
176 matched cardiac surgery patients who did not predonate blood. The impact
of decision-making on transfusion exposure was determined using multivariate
analyses to account for major perioperative interventions and complications.
Odds ratios (ORs) and 95% confidence intervals (CIs) were calculated for expo-
sure to allogeneic blood transfusion or any transfusion, before and after exclu-
sion of transfusions not conforming with selected transfusion criteria.

Results: Exposure to allogeneic transfusion was more likely among patients who did
not predonate blood than among those who did predonate blood (OR 14.0, 95%
CI 5.8–33.8). This finding was still true after exclusion of transfusions not meeting
the transfusion criteria (OR 19.3, 95% CI 6.7–55.7). The autologous blood donors
were more likely than the nondonors to receive any transfusion (OR 10.8, 95% CI
5.7–20.3). However, this association was substantially attenuated after exclusion
of transfusions not meeting the transfusion criteria (OR 1.9, 95% CI 1.1–3.2).

Interpretation: Patients who predonated blood before elective cardiac surgery were at
lower risk of receiving allogeneic transfusions than the nondonors. This was not be-
cause of a deliberate withholding of allogeneic transfusions from autologous
donors. However, more liberal transfusion criteria for autologous blood were
largely responsible for the increased transfusion rate among the autologous donors.

In response to the concern of transmitting viral infections through blood prod-
ucts, preoperative autologous blood donation has been proposed to reduce the
frequency of allogeneic blood transfusion in cardiac surgery.1–5 However, the

efficacy of this technique in cardiac surgery is unproven, and consequently 2 major
concerns regarding its use have arisen. First, its reported effectiveness may depend
on decisions to withhold allogeneic transfusion from autologous blood donors.
This practice has been observed in noncardiac surgery.6 Second, preoperative autol-
ogous donation is associated with an overall increase in exposure to any transfusion
(allogeneic or autologous).1–4,7 This association may outweigh the potential benefit
of autologous donation by increasing the risk of other transfusion-related complica-
tions such as bacterial contamination and transfusion reactions owing to laboratory
or clerical errors.8–11 More liberal criteria for transfusing autologous blood may be
largely responsible for the increased transfusion rate observed among autologous
donors.6,12,13 However, the impact of decision-making on transfusion exposure,
when autologous blood is available, is unknown.
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Using models proposed to evaluate transfusion prac-
tice,14,15 we analysed transfusion decisions in a co-
hort of patients who predonated autologous blood

before elective cardiac surgery. The objectives were to de-
termine whether withholding allogeneic transfusions from
autologous donors occurred and contributed to the de-
creased rate of allogeneic transfusion in this population,
and whether more liberal criteria for transfusing autolo-
gous blood contributed significantly to the increased trans-
fusion rate among patients who predonated blood.

Methods

This retrospective cohort study was approved by the Univer-
sity of Ottawa Heart Institute Human Research Ethics Commit-
tee. Data were retrieved from patient charts and the blood bank
database. All patients who were referred to the preoperative autol-
ogous donation program and underwent cardiac surgery at the
University of Ottawa Heart Institute between Jan. 1, 1994, and
Dec. 31, 1995, were eligible. For comparison, we obtained data
for a matched group of patients who underwent elective cardiac
surgery during the same period but did not predonate blood.
Matching criteria to account for most predictors of transfusion in
cardiac surgery were selected:16,17 patients were within 5 years’ age
difference, were within 5 kg weight difference, had the same num-
ber of previous cardiac procedures and were within one operative
risk category of the multifactorial risk index of Tuman and associ-
ates.18 The last criterion is a multifactorial outcome predictor 
separating patients into 5 risk categories according to their preop-
erative health status and the complexity of their surgery. We ex-
cluded patients undergoing urgent procedures and those who
were unmatched.

Patients in the preoperative autologous donation program
could not predonate blood if they had one of the following: hem-
atocrit below 0.34 at the first donation, or below 0.32 at subse-
quent donations; systolic blood pressure below 90 mm Hg or
above 180 mm Hg; unstable angina; critical aortic stenosis (valve
area less than 0.5 mm2 or ventriculo-aortic gradient greater than
70 mm Hg); left main coronary artery stenosis greater than 50%;
symptomatic carotid artery disease; recent transient ischemic at-
tack; uncontrolled congestive heart failure; active bacterial infec-
tion; dental work within a week before donation; and fever. Blood
was collected in standard blood storage bags at the outpatient
clinic; donations occurred from 35 days to 5 days before surgery.

All operations were performed under cardiopulmonary bypass
using a roller pump and a membrane oxygenator with crystalloids
for cardioplegia. Intraoperative harvesting of autologous blood
with normovolemic hemodilution was not used in any case. At the
end of cardiopulmonary bypass, the blood from the oxygenator
was reinfused. Chest-tube drainage after cardiopulmonary bypass
accounted for perioperative blood loss.

Decisions to transfuse allogeneic and autologous blood were
made according to individual patient’s needs by the attending sur-
geon. Each decision to transfuse 1 or more unit of blood product
was classified as conforming or not conforming with selected
transfusion criteria. The criteria were meant to identify differ-
ences in transfusion patterns between the 2 groups. They were
deliberately not selected as markers for the appropriateness of
transfusion, a characteristic that remains ill-defined.19 Transfu-
sions of allogeneic or autologous red blood cells met the transfu-
sion criteria in the presence of one of the following: (a) the pa-

tient’s hematocrit value was equal to or less than the median value
triggering transfusion of allogeneic red blood cells in all patients
(for transfusions during cardiopulmonary bypass, the median
value triggering transfusion during that specific period was used
because lower hematocrit values are usually tolerated during car-
diopulmonary bypass); (b) the patient had a well-documented in-
traoperative surgical complication leading to rapid blood loss as-
sociated with hypotension; (c) there was excessive postoperative
chest-tube drainage (more than 1500 mL in 24 hours20); or (d) re-
exploration was necessary because of bleeding. Transfusions of
platelets, fresh frozen plasma or cryoprecipitates met the selected
criteria in the presence of active bleeding and at least one abnor-
mal coagulogram result (platelet count less than 100 × 109/L, INR
[international normalized ratio] greater than 1.5 or partial throm-
boplastin time more than 50 seconds in the presence of a normal
thrombin time15).

Two end-points were used to compare the allogeneic transfu-
sion practices between the 2 groups: the number of patients in
each group who received allogeneic blood transfusions that did
not conform with the transfusion criteria; and the number of pa-
tients who did not receive allogeneic blood transfusions in the
presence of at least one transfusion criterion. For the latter, pa-
tients who did not predonate blood could only be compared with
autologous donors who had already used all of their units of autol-
ogous blood when the transfusion criteria were present.

The groups were compared using the unpaired Student’s t-test
for continuous variables and the 2-tailed χ2 test or Fisher’s exact
test for categorical variables. Using receiver operating curves, we
tested different cutoff points for continuous variables (e.g., age,
weight, hematocrit) to determine the best association with blood
transfusions. A univariate analysis identified the perioperative fac-
tors associated with autologous and allogeneic transfusions. All
significant factors with a p value of 0.20 or less were included in
forward stepwise multiple logistic regression analyses to deter-
mine the most significant factors associated with the various blood
transfusions. For each factor, odds ratios (ORs) and 95% confi-
dence intervals (CIs) for exposure to allogeneic transfusion or any
transfusion were calculated before and after exclusion of transfu-
sions not meeting the transfusion criteria. In the latter models,
patients who would not have received a transfusion had the crite-
ria been met for all decisions were entered as “untransfused.” A 
p value of less than 0.05 was considered significant.

Results

During the study period 203 patients scheduled for
elective cardiac surgery entered the preoperative autolo-
gous blood donation program. Of these, 22 were excluded
from our study because of a lack of matched patients for
comparison and 5 because of unstable angina leading to
urgent surgery. Of the 176 remaining autologous donors,
7 predonated 1 unit of blood, 45 gave 2 units, 104 gave 3
units and 20 gave 4 units. The 2 groups of patients had
similar preoperative and intraoperative characteristics ex-
cept for the preoperative hematocrit, which was lower in
the autologous donor group (Table 1). There were signif-
icantly more major perioperative complications in the
nondonor group (Table 2). The mean perioperative blood
loss was 1149 (standard deviation [SD] 494) mL in the au-
tologous donor group and 1237 (SD 569) mL in the non-
donor group (p = 0.12). The mean hematocrit value at dis-
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charge was 0.32 (SD 0.04) and 0.31 (SD 0.05) respectively
(p = 0.28). Of the 489 predonated units of autologous
blood, 246 (50.3%) were transfused perioperatively; the
rest were discarded.

A total of 15 (9%) of the autologous donors received any
allogeneic blood product, as compared with 63 (36%) of
the nondonors (Table 3). This 4-fold difference in allo-
geneic transfusion rates was statistically significant (p <
0.001). However, the rate of exposure to any transfusion
(allogeneic or autologous) was twice as high in the autolo-
gous donor group (73% v. 36%, p < 0.001) (Table 3).

For the 2 groups, the median hematocrit level triggering
allogeneic transfusions of red blood cells was 0.19 during
cardiopulmonary bypass and 0.23 at other times. There
were 35 allogeneic transfusion decisions in the autologous
donor group and 163 in the nondonor group (p < 0.001).
The transfusion criteria were not met for 7 and 29 of the
allogeneic transfusion decisions in the autologous donor
group and the nondonor group respectively (p < 0.001).
The transfusions not conforming with the criteria occurred
in 7 (4%) of the autologous donors and 21 (12%) of the

nondonors (p = 0.006). Many of these patients also received
allogeneic transfusions that conformed with the transfusion
criteria at other times. Thus, only 4 (2%) of the autologous
donors and 10 (6%) of the nondonors would not have re-
ceived allogeneic blood had transfusion criteria been met
for all transfusion decisions (p = 0.17).

There were 189 decisions to transfuse autologous blood,
of which 91 (48%) did not meet the transfusion criteria. Of
the 128 patients in the autologous donor group who were
given autologous blood, 79 (62%) received at least one au-
tologous transfusion that did not meet the transfusion cri-
teria and 54 (42%) would not have required autologous
blood had transfusion criteria been met at all times.

The nontransfusion of allogeneic blood in the pres-
ence of transfusion criteria occurred in 9 (16%) of 58
patients who had used all their autologous blood and in
11 (6%) of the 176 patients who did not predonate
blood (p = 0.03).

The univariate analysis identified 13 variables associ-
ated with transfusions of allogeneic or autologous blood:
being a  nondonor (for allogeneic transfusions only), being
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Preoperative risk score (and SD) 1.2 1.5
Female:male ratio 27:
Left ventricular function, no.

(and %) of patients
Normal (EF > 50%) 139
Mildly depressed (EF 35%–50%)

Characteristic

Predonated
blood

n = 176

31 (18)
(79)

Mean age (and SD), yr 56

149
(1.3)

Mean weight (and SD), kg 83

(4)

(15)
Reoperation, no. (and %) of

patients 7

Severely depressed (EF < 35%)

28:

143

Did not 
predonate blood

n = 176

23 (13)
(81)

57

148
(1.5)

83

Table 1: Characteristics of patients who did and did not predonate
autologous blood before elective cardiac surgery

(4)

(15)

7

6 (3) 10 (6)
ASA treatment, no. (and %) of

patients 93 (53) 102 (58)
Mean preoperative hematocrit

(and SD) 0.37 (0.04) 0.42 (0.04)*
Type of surgery, no. (and %) of

patients
CABG 139 (79) 143 (81)
Single-valve replacement 19 (11) 18 (10)
Atrial septal defect repair 8 (5) 8 (5)
Other 10 (6) 7 (4)

Mean duration of cardiopulmonary
bypass (and SD), min 89 (33) 90 (31)

Mean duration of aortic cross-
clamping (and SD), min 50 (21) 51 (21)

Tranexamic acid administration,
no. (and %) of patients 121 (69) 124 (70)

Transfusion of shed mediastinal
blood, no. (and %) of patients 133 (76) 122 (69)

Note: SD = standard deviation, EF = ejection fraction, CABG = coronary artery bypass grafting,
CPB = cardiopulmonary bypass.
*p < 0.001, for comparison between groups.

(11) (11)

Allogeneic components* 6 14
Autologous red blood cells 128
Any blood product

(autologous or allogeneic) 129

*Include platelets, fresh frozen plasma and cryoprecipitates.

No. (and %) of patients

Exposure
Predonated

blood

(73)

(73)
(3)

Any allogeneic product 15
(8)
(9)

Allogeneic red blood cells 14

63

Did not 
predonate

blood

(36)

–
(8)

63

Table 3: Rate of exposure to blood products

(36)
(36)

63
0.066
–

< 0.001

p value

< 0.001
< 0.001

Bleeding necessitating reoperation 2

Postoperative mechanical ventilation 
> 48 h

Reoperation for reason other than bleeding 1
Low cardiac output or hypotension

necessitating treatment with IABP 
or ≥ 2 inotropes 4

Pulmonary edema after discharge from ICU 2
Complete heart block necessitating

insertion of permanent pacemaker

No. of patients

1 1

1

Complication
Predonated

blood

9

4
8

Death 1
2
3

Stroke 1

Did not
predonate

blood

1 3
Gastrointestinal bleeding or ischemia 2 2
Sepsis or deep wound infection 2 2

All 17 35*

Note: IABP = intra-aortic balloon pump, ICU = intensive care unit.
*p = 0.03, for comparison between groups.

Table 2: Occurrence of major perioperative complications



an autologous donor (for all types of blood), age more than
65 years, weight less than 70 kg, female sex, preoperative
hematocrit value less than 0.34, reoperation, valvular pro-
cedure, cardiopulmonary bypass lasting more than 120
minutes, no administration of tranexamic acid, postopera-
tive blood loss of more than 1500 mL, major perioperative
complications and having a surgeon who was 1 of 5 with a
significantly higher transfusion rate in both patient groups
than 3 other surgeons participating in the study. The allo-
geneic and overall transfusion rates among the autologous
donors were unrelated to the number of predonated units.

After multivariate analysis, only 7 variables, including
being a nondonor (OR 14.0, 95% CI 5.8–33.8), remained
significant predictors of exposure to allogeneic transfusions
(Table 4). The multivariate analysis was repeated with 
patients being considered “untransfused” if they received
allogeneic transfusions that did not meet the transfusion
criteria. In this analysis, the same 7 variables remained sig-
nificant predictors of exposure to allogeneic blood, with
comparable ORs (for the nondonor group OR 19.3, 95%
CI 6.7–55.7). For exposure to any transfusion (allogeneic or
autologous) another group of 7 variables, including being
an autologous donor (OR 10.8, 95% CI 5.7–20.3), were
identified as significant predictors through multivariate
analysis (Table 5). After exclusion of transfusions not meet-
ing the transfusion criteria, being an autologous donor re-
mained a significant risk factor, but with a much lower in-
fluence on exposure to any transfusion (OR 1.9, 95% CI
1.1–3.2). In the latter analysis, valvular procedures and ma-
jor perioperative complications replaced prolonged car-
diopulmonary bypass and surgeon as risk factors for any
transfusion.

Interpretation

The patients who predonated autologous blood before
cardiac surgery had a 4-fold reduction in exposure to allo-
geneic blood transfusions compared with the matched non-
donors. Concurrently, they had a 2-fold increase in expo-
sure to any transfusion (allogeneic or autologous). As
observed in noncardiac surgery, significant changes in

transfusion practices were associated with the availability of
autologous blood.

Two findings uncovered a tendency to withhold allo-
geneic transfusions from the autologous donors in our
study. First, decisions to transfuse allogeneic blood in the
absence of the selected transfusion criteria occurred in only
4% of the autologous donors, as compared with 12% of the
patients who did not predonate blood. Second, decisions
not to transfuse allogeneic blood in the presence of transfu-
sion criteria occurred in a significantly larger proportion of
autologous donors who had used all their autologous blood
than of nondonors (16% v. 6%). However, the effect of
these differences on the rate of exposure to allogeneic blood
was minimal, because many transfusions not conforming
with the transfusion criteria were given to patients who re-
quired allogeneic blood at other times for reasons that did
conform with the criteria. Consequently, as shown through
multivariate analyses performed before and after exclusion
of transfusions not meeting the criteria, the risk of being ex-
posed to allogeneic blood among the nondonors was not
significantly modified by transfusion decision-making.

The increased transfusion rate associated with preopera-
tive autologous donation has recently raised some concern
about its safety as an alternative transfusion approach.7,11,21

This is because the most common transfusion-related com-
plications are not viral infections, but ABO incompatibility
due to erroneous identification of the patient or unit at the
time of phlebotomy or transfusion.10,11 In our study 42% of
the 129 autologous donors given a transfusion would not
have received any blood had the transfusion criteria been
met at all times. Therefore, exposure to a transfusion was
more likely among the autologous donors than among the
nondonors (OR 10.8). After correction for nonconforming
transfusion decisions, being an autologous donor was a much
weaker risk factor for transfusion exposure (OR 1.9). Thus,
transfusion decision-making contributes significantly to the
increased transfusion rate and, consequently, to the potential
increase in risk associated with preoperative autologous do-
nation. The reason why the factor of being an autologous
donor remained a weak predictor for transfusion is likely be-
cause we did not fully control for preoperative hematocrit
(dichotomized in the logistic regression analysis).
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Female sex 9.5
Age > 65 yr 4.8
Duration of cardiopulmonary

bypass > 120 min 4.7
Surgeon with high transfusion

rate 3.0

Risk factor Odds ratio (and 95% CI)

(1.7–5.2)

Postoperative blood loss 
> 1500 mL 36.1

(2.0–11.0)

(2.3–10.0)
(3.8–24.1)

Preoperative hematocrit < 0.34 17.1
(5.7–20.3)
(3.8–76.5)

Predonation of autologous blood 10.8

(7.2–181.3)

< 0.002

< 0.004

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

p value

Table 5: Risk factors for exposure to any blood product (allogeneic
or autologous) before exclusion of transfusions not meeting selected
transfusion criteria

tt12

Major perioperative complication 6.7 < 0.001
Female sex 6.3
Preoperative hematocrit < 0.34 5.3
Duration of cardiopulmonary bypass
> 120 min 4.1

Surgeon with high transfusion rate*

Risk factor
Odds ratio 

(and 95% CI)

2.9 (1.4–5.8)
(1.8–9.7)

Note: CI = confidence interval.
*Of the 8 surgeons participating in the study, 5 had significantly higher transfusion rates in
both patient groups than the 3 other surgeons.

(1.9–14.8)
(2.8–14.1)
(2.6–17.7)

Postoperative blood loss > 1500 mL 23.0
(5.8–33.8)
(6.6–80.3)

No predonation of autologous blood 14.0

< 0.001
0.002

0.001

p value

0.003

< 0.001

Table 4: Risk factors for exposure to allogeneic blood products before
exclusion of transfusions not meeting selected transfusion criteria

< 0.001



Considering the unproven efficacy of preoperative au-
tologous blood donation as well as recent improvements in
the safety of allogeneic blood and the risk of cardiac com-
plications with preoperative blood donation,22,23 recent
cost-effectiveness analyses have questioned the use of pre-
operative autologous donation in cardiac surgical centres
where allogeneic transfusion rates are less than 50%.24,25

However, economic studies ignore the risk of immuno-
modulation, alloimmunization and transmission of new
and emerging diseases through blood. The true value of
preoperative autologous donation may be unproven in car-
diac surgery, but its effectiveness in reducing allogeneic
transfusion has been demonstrated repeatedly.1–5 Our study
suggests that preoperative autologous donation remains
highly effective, even in centres with low transfusion rates
(Fig. 1). Discouraging its use in cardiac surgery on the ba-
sis of economic analyses may represent a risk that the re-
cent Commission of Inquiry on the Blood System in
Canada has recommended not taking.26

One limitation of our study was the lack of randomiza-
tion. Patients who predonated blood were possibly health-
ier than others with apparently similar characteristics. This
unavoidable bias may explain why the autologous donors
had fewer major perioperative complications than the non-
donors despite a fairly thorough matching process.
Through multivariate analyses we partially addressed this
problem by evaluating the risk of exposure to allogeneic
transfusion after controlling for factors ignored by the
matching process. However, this approach does not have
the power of a blinded randomized study. The hematocrit
threshold we selected for the analysis of transfusion deci-

sions may also limit the application of these results to other
centres that may be more liberal or conservative with blood
transfusions. However, in the absence of recognized hem-
atocrit thresholds for transfusion,19 the median hematocrit
values triggering the transfusion of allogeneic red blood
cells reflected local practice objectively.

In conclusion, our findings suggest that preoperative au-
tologous blood donation, independent of transfusion deci-
sions, is most likely an effective way to decrease exposure to
allogeneic transfusions in cardiac surgery. More liberal de-
cisions to transfuse autologous blood represent the main
reason for the overall increase in transfusion rates among
cardiac surgery patients who predonated autologous blood.
The risk of transfusion reactions associated with preopera-
tive autologous donation could be almost eliminated if de-
cisions to transfuse autologous blood were made using the
same criteria as those for transfusing allogeneic blood.
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Fig. 1: Analysis of effectiveness of preoperative autologous donation (PAD) before cardiac surgery in reducing exposure to allo-
geneic transfusion, presented as relative risks and 95% confidence intervals for exposure to allogeneic blood in patients who
predonated autologous blood. The effectiveness of predonation was well maintained in the last 2 studies, despite allogeneic
transfusion rates of less than 50% among patients who did not predonate blood.
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Vancouver

IGM «Actualisation»
Du 22 au 24 oct. 1999 Westin Prince Hotel, 

Toronto

L’IGM se transporte chez vous
Une occasion pratique, rentable et 

efficace de formation dispensée sur place 
aux cadres et aux gestionnaires 

de votre organisation

Plus de renseignements : 
tél 800 663-7336 ou 613 731-8610 

x2319 (IGM) ou x2261 (IGM sur place)
michah@cma.ca

www.cma.ca/prodev-f/pmi

L’Institut
de gestion 
médicale

1999

Canadian College of Health Service Executives
Collège canadien des directeurs de services de santé

Pour acquérir des compétences 
de pointe en leadership 

et en gestion
Cours crédités par le CRMCC, le CMFC et l’AAFP 

Offerts en anglais


