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Objective: We sought to assess the efficacy of preoperative autologous blood donation in reducing pa-
tient exposure to allogeneic blood products following elective cardiac surgery. Methods: We included
48 patients in a prospective study and randomly assigned them into the control or treatment group.
We excluded patients with aortic stenosis, main trunk stenosis and unstable angina. Group A (n = 23;
coronary disease n = 21 and valvular disease n = 2) was the control group, and group B (n = 25; coro-
nary disease n = 21, valvular disease n = 4) received preoperative autologous blood donation. All 
patients had cardiopulmonary bypass surgery, and we processed mediastinal blood with a cell-saver 
device before reinfusion. All patients received aprotinin, and we reinfused blood shed from the medi-
astinum postoperatively. Results: No major peri- or postoperative complications occurred. We inter-
rupted preoperative blood donation in 2 patients (8%) because of worsened angina pectoris. The mean
time between the first blood donation and surgery was 22.5 (standard deviation [SD] 9.4, range
12–50) days. In group A, 9 patients (39.1%) were exposed to allogeneic blood products. In group B,
11 patients (47.8%) were exposed to blood products (p = 0.73), and 4 (16%) were exposed to allo-
geneic blood products (p = 0.036). Conclusion: Preoperative blood donation was completed in 92%
of the targeted low-risk population. The procedure significantly reduced exposure to perioperative 
allogeneic blood products.

Objectif : Nous avons cherché à évaluer l’efficacité du prélèvement de sang autologue préopératoire
lorsqu’il s’agit de réduire l’exposition du patient aux produits sanguins allogènes pendant et après une
chirurgie cardiaque élective. Méthodes : Nous avons inclus 48 patients dans une étude prospective et
nous les avons affectés au hasard au groupe témoin ou au groupe des participants étudiés. Nous avons
exclu les patients qui avaient une sténose de l’aorte, une sténose coronarienne du tronc commun et une
angine instable. Le Groupe A (n = 23; coronaropathie n = 21 et valvulopathie n = 2) était le groupe té-
moin, tandis que l’on a prélevé du sang autologue avant l’opération chez les participants du Groupe B
(n = 25; coronaropathie n = 21, valvulopathie n = 4). Tous les patients ont été opérés sous circulation
extra-corporelle et nous avons traité le sang médiastinal au moyen d’un laveur de cellules avant la réinfu-
sion. Tous les patients ont reçu de l’aprotinine, et nous avons retransfusé le sang qui s’est écoulé du mé-
diastin après l’intervention. Résultats : Il n’y a pas eu de complications périopératoires ou postopéra-
toires majeures. Nous avons interrompu le prélèvement préopératoire de sang chez 2 patients (8 %)
parce que leur angine de poitrine s’était aggravée. Le temps moyen écoulé entre le 1e prélèvement de
sang et la chirurgie s’est établi à 22,5 (écart-type [ET] 9,4; intervalle de 12 à 50) jours. Chez les partici-
pants du Groupe A, 9 patients (39,1 %) ont été exposés à des produits sanguins allogènes. Chez ceux du
Groupe B, 11 patients (47,8 %) ont été exposés à des produits sanguins (p = 0,73), et 4 (16 %) à des
produits sanguins allogènes (p = 0,036). Conclusion : Le prélèvement de sang préopératoire a été com-
plété chez 92 % des participants de la population à faible risque ciblée. L’intervention réduit considé-
rablement l’exposition aux produits sanguins allogènes au cours de la période périopératoire.



Preoperative autologous blood
donation (PAD) has been used

in elective cardiac surgery, par-
ticularly in stable patients with
valvular or coronary disease.1–4

However, this practice has not
been re-examined since the intro-
duction of antifibrinolytic agents
and reinfusion of mediastinal blood
during the postoperative period.
Combining the use of an antifi-
brinolytic agent, the reinfusion of
mediastinal blood after surgery and
PAD should reduce the need for
transfusion; however, no study in
the literature has evaluated this
strategy. We sought to evaluate the
impact of the use of PAD within a
complete blood-sparing strategy.

Methods

Participants

We conducted our prospective ran-
domized study between January
2001 and October 2002. The Ethic-
al Committee of the Research Centre
at the Montreal Heart Institute re-
viewed and approved our study pro-
tocol, and we obtained informed
consent from all the patients. 

We considered patients aged
18–80 years who were in the pre-
operative phase of an elective cardiac
surgery to be eligible for this study.
A total of 3100 patients underwent
cardiac surgery at the Montreal
Heart Institute during the recruit-
ment period. We excluded those
who had aortic stenosis, coronary
disease in the left main trunk and un-
stable angina. We also excluded pa-
tients who lived outside the Mont-
réal area and were unable to attend
preoperative blood donation ap-
pointments, used erythropoietin pre-
operatively, had a hemoglobin level
less than 110 g/L and required
emergency surgery.

We randomly assigned patients
into 2 groups: the control group or
the treatment group in which pa-
tients received PAD. Neither the pa-
tient nor the surgeon was blinded to

the group assignment; however, the
intensive care unit (ICU) intensivist,
nurses and residents were blinded.
Recruitment was not randomized
within individual surgeons’ practices.
Four surgeons participated in the
study.

We aimed to discontinue patient
use of ASA or plavix about 1 week
before surgery.

Cardiopulmonary bypass circuit
and use of aprotinin

We performed all cardiopulmonary
bypasses using a solid venous reservoir
with a venous filter (40 µm filter), a
hollow-fibre membrane oxygenator
(Sorin Biomedica), nonpulsatile roller
pumps (Stöckert and Nellcor), a 
32-μm arterial filter (Capiox CX
AF01; Terumo) and a vacuum-assisted
venous return system (Boehringer).
We processed mediastinal blood with a
cell-saver device before reinfusion. We
used a standard Hammersmith full-
dose protocol (2 × 106 kallicrein in-
hibitor units [KIU] in pump prime,
2 × 106 KIU loading dose, followed
by 0.5 × 106 KIU/h) of aprotinin
(Bayer) in all patients.

Preoperative autologous 
blood donation

Héma-Québec, the local adminis-
tration in charge of the manage-
ment of human blood products,
approved our autologous blood do-
nation protocol. The protocol con-
sisted of harvesting 2 units of
350 mL each (or 6 mL/kg when
the patient’s weight was below
60 kg). We harvested 1 unit weekly
(maximum 2 units). We stored the
units in citrate phosphate double
dextrose (CP2D) solution at 4°C
for a maximum period of 35 days.
One unit was stored longer than
35 days and was discarded before
the surgery. All patients randomly
assigned to the PAD group received
300 mg of ferrous sulfate orally,
3 times daily for the period between
recruitment and surgery.

Postoperative mediastinal 
blood reinfusion

Postoperative mediastinal blood re-
infusion occurred in both groups dur-
ing the first 6 hours after surgery
when postoperative bleeding was
more than 100 mL/h. The reinfusion
system consisted of 28 F thoracic
tubes connected to a 3-chamber sys-
tem: a collection chamber, underwater
seal chamber and 20-cm H20 suction-
control chamber. The 500 mL capacity
sterile collection chamber contained
20 mL of adenine-supplemented cit-
rate dextrose. We filtered all collected
blood through an 80-µm filter and
autotransfused the blood to the patient
on an hourly basis until no drainage
was present or for a maximum of
12 hours.

Indications for the use of 
blood products

We administered autologous blood
units or allogeneic red blood cell
units when the patient’s hemoglobin
level was below 60 g/L during the
cardiopulmonary bypass and 80 g/L
postoperatively. In group B, we al-
ways administered autologous blood
units before allogeneic transfusion.
We firmly applied these transfusion
thresholds in all patients. We admin-
istered 2 units of fresh frozen plasma
(FFP) after correction of the acti-
vated clotting time in case of moder-
ate postoperative bleeding, defined
as 100–300 mL per hour or more
than 300 mL per 2 hours with an
international normalized ratio of 1.8
or more. With severe postoperative
bleeding (> 300 mL/h) we adminis-
tered 4 units of FFP. We adminis-
tered 6 units of platelets when the
platelet level was below 80/L.

Statistical analysis

We used either the χ2 test or the
Student t test to compare variables.
We performed statistical analyses using
SPSS software (SPSS). We considered
p < 0.05 to be statistically significant.
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Results

Study population

Of the 3100 patients who underwent
cardiac surgery at the Montreal Heart
Institute, 930 (30%) had elective
surgery with the potential for PAD.
Of these 930 patients, 300 were from
the Montréal area and, therefore, able
to easily attend preoperative blood
donation appointments. We excluded
100 patients based on our exclusion
criteria, and, of the 200 patients re-
maining, we recruited 48 patients for
our study. We randomly assigned
23 patients to group A, the control
group (coronary disease n = 23,
valvular disease n = 2). Group B, the
treatment group, had 25 patients
(coronary disease n = 21, valvular dis-
ease n = 4). Random assignment to
the treatment group was homogen-
eously distributed among the 4 par-
ticipating surgeons (p = 0.20), and
perioperative blood loss was similar
among them (p = 0.64). Of the
48 included patients, 44 patients
were taking an antiplatelet agent at
the time of recruitment; we stopped

this therapy 1 week before surgery in
20 patients. The other 4 patients
were taking coumadin; we stopped
this therapy 4 days before the sur-
gery in all patients. 

Table 1 shows the demographic
characteristics of the study popula-
tion. The mean age (and standard
deviation [SD]) of the patients in the
control group, which comprised
19 men and 4 women, was 61.4
(9.4) years. The mean age (and SD)
of patients in the PAD group, which
comprised 21 men and 4 women,
was 61.2 (9.8) years. Weight, height
and body surface area did not differ
significantly between the groups.
The New York Heart Association
(NYHA) class, the angina functional
class and the left ventricular ejection
fraction did not differ significantly
between the groups.

Tolerance of PAD

We did not complete PAD in 2 pa-
tients (8%) because of worsened
angina pectoris. The change in status
of these patients was noted at the
blood donation clinic before har-

vesting the first unit. The patients
stabilized enough to come electively
to their surgeries without donating
blood. Even though they did not
give blood, we included them in 
our analysis of the PAD group 
(intention-to-treat analysis). The
blood donation protocol was well
tolerated in all the other patients,
with no change in angina following
the donation episodes. The mean
time between the first blood dona-
tion and surgery was 22.5 (SD 9.4,
range 12–50) days, and the mean
time between the second donation
and surgery was 14.4 (SD 7.8, range
6–27) days. Preoperative hemoglo-
bin levels did not differ significantly
between the groups (p = 0.12).

Surgical and postoperative data

Table 1 and Table 2 depict surgical
data for patients in both groups. The
main indication for surgery in both
groups was coronary disease. One
patient in each group underwent a
repeat procedure. The mean dura-
tions of surgery, cardiopulmonary
bypass and aortic cross clamping did
not differ between the groups. The
duration of mechanical ventilation,
postoperative blood loss (including
recorded intraoperative blood loss
and blood shed in the mediastinum
in the first 24 hours in the ICU,
length of stay in the ICU and length
of stay in hospital did not differ sig-
nificantly between the groups. Post-
operatively, we had to reinfuse medi-
astinal blood in 5 patients in each
group; the mean reinfused blood vol-
ume (and SD) was 488 (226) mL in
the control group and 343 (176) mL
in the PAD group (p = 0.076).

Intraoperative exposure to 
blood products

Intraoperatively, 1 patient in the con-
trol group received 3 allogeneic blood
units, and another patient received
6 platelet units; in the PAD group,
1 patient received 2 autologous blood
units.
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Table 1

Demographic characteristics of patients assigned to the control and
preoperative autologous blood donation groups

Group; mean (SD) [range]*

Characteristic
Control
(n = 23)

PAD
(n = 25) p value

Age, yr 61.4 (9.4) 61.2 (9.8) 0.94

Sex, female/male 4/23 4/25 0.90

Weight, kg 79.6 (13.1) 79.1 (13.4) 0.90

Height, cm 169.9 (6.2) 167.5 (8.2) 0.26

Coronary disease, no. of patients 21 22

Valvular disease, no. of patients 2 2

Replacement of ascending aorta,
no. of patients

0 1

Repeat surgery, no. of patients 1 1

NYHA score 2.2 (0.5) 2.4 (0.5) 0.06

Angor functional class 2.2 (0.5) 2.4 (0.7) 0.26

Left ventricular ejection fraction 52.6 (12.4) 54.8 (12.3) 0.54
Time between blood donation and
surgery, d

First donation — 22.5 (9.4) [12–50]

Second donation — 14.4 (7.8) [6–27]

NYHA = New York Heart Association; PAD = preoperative autologous blood donation; SD = standard
deviation.
*Unless otherwise indicated.



Postoperative exposure to 
blood products

In the control group, 6 patients re-
ceived allogeneic red blood cell units
(mean 2, SD 1.2 units if transfused),
5 patients received FFP units (mean
2.8, SD 1 units), 4 patients received
6 platelet units and 1 patient re-
ceived 10 cryoprecipitate units.

In the PAD group, 9 patients re-
ceived autologous red blood cell
units (mean 1.8, SD 0.3 units), 1 pa-
tient received 4 FFP units and 3 pa-
tients received platelets (mean 4.3,
SD 2.9 units).

Proportion of patients exposed to
blood products

In the PAD group, 11 patients
(47.8%) received blood products, in-
cluding the autologous units har-
vested preoperatively, in the peri-
operative period. Four of 25 (16%)
patients in this group were exposed
to allogeneic blood products. In the
control group, 9 patients (39.1%)
were exposed to allogeneic blood
products (a relative risk increase of
2.25). Exposure to all blood prod-
ucts was comparable between the
groups (47.8% v. 39.1%, p = 0.73),
but exposure to allogeneic blood
products was significantly decreased
in the PAD group (16% v. 39.1%,
p = 0.036) (Table 3).

Postoperative biological data

The hemoglobin and troponin rates
as well prothrombin time, partial
thromboplastin time and inter-
national normalized ratio did not dif-
fer significantly between the groups.
The fibrinogen level in the subgroup
of patients who received blood trans-
fusions significantly increased com-
pared with the control group
(p = 0.048) (Table 4).

Discussion

The use of PAD markedly increased
in the 1980s and early 1990s but has

been declining recently, mainly be-
cause of cost.5 One can also question
whether physicians should stop
offering PAD to their patients.

Nevertheless, its systematic use, and
its efficacy in a modern setting 
and in combination with other 
blood-sparing methods in a low-risk
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Table 3

Blood transfusion data for patients randomly assigned to the control and
preoperative autologous blood donation groups

Group; mean (SD)*

Blood product; data
Control
(n = 23)

PAD
(n = 25) p value

Mediastinal blood reinfusion

No. of patients 5 5 0.92

Amount of blood reinfused, mL 488 (226) 343 (176) 0.08

Autologous blood transfusion

No. of patients — 6 —

No. of units transfused — 1.8 (0.3)

Allogeneic blood transfusion

No. of patients 7 0 —

No. of units transfused 2 (1.2) —

Fresh frozen plasma

No. of patients 5 1 0.06

No. of units transfused 2.8 (1) 4

Platelets

No. of patients 4 3 0.59

No. of units transfused 6 [0) 4.3 (2.9)

Cryoprecipitate

No. of patients 1 0 0.29

No. of units transfused 10 —

PAD = preoperative autologous blood donation; SD = standard deviation.
*Unless otherwise indicated.

Table 2

Surgical data for patients randomly assigned to the control and preoperative
autologous blood donation groups

Group; mean (SD)

Period; data
Control
(n = 23)

PAD
(n = 25) p value

Perioperative

Coronary bypass using internal thoracic
artery, no.

1.4 (1.3) 1.3 (1.8) 0.83

Coronary artery bypass using
saphenous venous, no.

1.3 (0.8) 1.8 (1.1) 0.008

Duration of surgery, min 177.6 (62.3) 174.7 (44.9) 0.85

Duration of CPB, min 75.5 (42.3) 70.1 (22.7) 0.58

Duration of aortic cross clamping, min 52.8 (36) 48.6 (19.2) 0.61

Minimum CPB temperature 33.6 (0.7) 33.8 (0.7) 0.33

Perioperative blood loss, mL 450 (281) 416 (190) 0.62

Postoperative

Duration of mechanical ventilation, h 11.6 (5.5) 11.5 (5.5) 0.95

Postoperative blood loss, mL 909.5 (576) 936 (583) 0.88

Length of stay in ICU, d 1.5 (0.6) 1.5 (0.6) 1.00
Length of stay in hospital, d 5.4 (0.9) 5.4 (0.9) 1.00

CPB = cardiopulmonary bypass; ICU = intensive care unit; PAD = preoperative autologous blood donation;
SD = standard deviation.



cardiac surgery population have not
been well studied. We sought to as-
sess exposure to allogeneic blood
products after PAD in preparation
for elective cardiac surgery associ-
ated with the systematic use of anti-
fibrinolytic agents and postoperative
mediastinal blood reinfusion.

We completed PAD in 92% of the
targeted population, underlining the
feasibility of this method in elective,
low-risk patients of cardiac surgery.
Only 2 patients (8%) sustained
worsening of their angina symptoms,
cancelling their planned blood dona-
tion. The PAD procedure was well
tolerated in all the patients who
ended up giving blood, and pre-
operative hemoglobin rates did not
differ significantly between the con-
trol and PAD groups, underlining
the capacity of quick blood regenera-
tion in this population.

Despite strict indications for trans-
fusion, the overall rate of blood
transfusion (autologous plus allo-
geneic) observed in our study and
others6 was not significantly different
in the PAD group compared with
the control group; however, PAD
eliminated completely the need for
allogeneic red blood cell transfusion.

Moreover, we observed no ad-

verse event linked with the use of
autologous blood, underlining the
safety of this method when the rigor-
ous rules of blood donation and stor-
age are respected.

On the other hand, none of our
patients exposed to allogeneic blood
products experienced complications;
however, this may be explained by
our small sample size, which was an
important limitation in our study.
Generally, the risk of transmitting
hepatitis B, hepatitis C and HIV via
allogeneic blood has recently become
very low owing to major improve-
ments in donor and blood screen-
ing.7,8 The risk of transfusion-related
mortality from hepatitis and HIV is
now lower than that from acute
hemolytic reactions, which PAD does
not prevent.9

Nevertheless, allogeneic trans-
fusion is not completely risk-free; it is
associated with a substantial risk in the
patients’ minds, which generates anx-
iety.9 This point is reinforced by the
emergence of numerous potentially
dangerous new infectious agents that
could be transmitted by transfusion.8,10

Other complications of allogeneic
transfusion are less well known and
probably underestimated, but they
are still a reality.9 This is the case

with immune-mediated transfusion-
related acute lung injury (1 in
5000 transfusions), which could be
the second most common cause of
major morbidity and death attribut-
able to transfusion.11 Although none
of our patients experienced any post-
operative infectious complications,
immune suppression may also be
caused by allogeneic transfusion.9 The
hypothesis that immune suppression
may increase the risk of postoperative
bacterial infection is also a reality.12

The cost of PAD remains an im-
portant problem. Whether the sys-
tematic use of PAD programs in
stable patients in large health care in-
stitutions could substantially reduce
the cost remains to be demonstrated. 

In conclusion, this study demon-
strated that PAD can help low-risk
cardiac surgery patients avoid ex-
posure to allogeneic red blood cells.
Ninety-two percent of the patients
randomly assigned to blood donation
withstood the harvesting of 2 units
without clinical deterioration. The
limitations of the clinical use of a
PAD program are multiple and in-
clude the necessary waiting period for
donation before surgery, the necessity
of living relatively close to the blood
harvesting centre, the absence of a
critical cardiac condition that might
cause an anemic and hypovolemic
state following blood donation, and
the resources required for harvesting
and handling the blood units. The re-
ferral pattern at the Montreal Heart
Institute, where two-thirds of pa-
tients have to travel from another city
for surgery, is a considerable limita-
tion; PAD could at best be of benefit
to 10%–15% of our patient popula-
tion, or 200–300 patients annually.
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Table 4

Main pre- and postoperative laboratory levels of patients randomly assigned to
the control and preoperative autologous blood donation groups

Group; mean (SD)

Laboratory test; time
Control
(n = 23)

PAD
(n = 25) p value

Hemoglobin, g/L

Predonation — 143.4 (11.7)

Preoperative 135.0 (12.9) 128.7 (14.4) 0.12

24 h after surgery 86.2 (13) 81.6 (12.1) 0.22

5 d after surgery 107.7 (11.9) 102.8 (11.8) 0.16

Prothrombin time

Preoperative 9.4 (1.1) 9.7 (2.8) 0.69

30 min after surgery 13.5 (2.2) 13.2 (3.9) 0.76

24 h after surgery 10.9 (1.7) 10.3 (1.3) 0.16

Fibrinogen

Preoperative 3.1 (0.9) 4.3 (1.5) 0.004

30 min after surgery 2.6 (0.7) 3.0 (0.9) 0.10

24 h after surgery 5.1 (1.2) 6.2 (1.3) 0.006

PAD = preoperative autologous blood donation; SD = standard deviation.
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