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Moderate Exposure to Allogeneic Blood Products Is Not
Associated with Reduced Long-term Survival after Surgery
for Coronary Artery Disease
William M. Weightman, F.A.N.Z.C.A.,* Neville M. Gibbs, M.D.,† Matthew R. Sheminant, R.N.,‡ Mark A. J. Newman, M.D.,§
Dianne E. Grey, B.Sc., F.A.I.M.S.��

Background: It has been suggested that blood transfusion has
an adverse effect on long-term health, mainly through immune
modulation and tumor promotion. To further assess this con-
cern, the authors have performed a prospective observational
study with the hypothesis that after taking perioperative risk
factors relevant to long-term survival into account, patients
undergoing coronary artery surgery who receive a periopera-
tive allogeneic blood transfusion have worse long-term survival
than those who do not.

Methods: The health outcomes of 1,841 consecutive subjects
who had isolated nonemergency first-time coronary artery sur-
gery and who survived more than 60 days after surgery were
determined by record linkage. The association between length
of survival, blood products transfused, and risk factors for long-
term survival at entry to the study were determined by Cox
proportional hazards regression.

Results: A total of 1,062 subjects were transfused. Of these,
266 subjects died during a mean follow-up of 8.1 yr. Of subjects
who were transfused, 27% had a new malignant condition re-
corded on the death certificate, compared with 43% who were
not transfused. Older age, cerebrovascular disease, use of a
mammary graft, chronic pulmonary disease, renal dysfunction,
reduced left ventricular function, and preoperative anemia
were predictive of reduced long-term survival. There was no
association between transfusion of blood products and long-
term survival.

Conclusions: Patients who have undergone coronary artery
surgery and who have received moderate amounts of blood as
part of responsible and conservative management should be
reassured that they are unlikely to experience a reduction in
long-term survival.

IT has been suggested that blood transfusion has an
adverse effect on health. Under ideal circumstances, this
hypothesis would be tested with a randomized con-
trolled trial, but blood transfusion has such an estab-
lished place in medical treatment that this is unlikely to
be performed. Some light has been shed on this concern
by alternative research strategies; for example, investiga-
tors have randomized the administration of leukocyte-
filtered blood1–5 or have randomized patients to high
and low transfusion triggers.6–8 However, no definitive
conclusion has been reached,9 and further information is
required. In this setting, epidemiological information
may be useful.

Coronary artery bypass grafting is a surgical procedure
that causes sufficient hemoglobin loss to require blood-
product transfusion in around 50% of patients. Once
recovery from surgery has taken place, there is rarely any
requirement for further blood transfusion. This is a con-
venient setting to test the hypothesis of long-term ad-
verse effects resulting from blood transfusion.

The test hypothesis of the current study is as follows:
after taking perioperative risk factors relevant to long-
term survival into account, patients undergoing coro-
nary artery surgery who receive a perioperative alloge-
neic blood transfusion have worse long-term survival
than those who do not receive an allogeneic blood
transfusion, and the magnitude of this effect is related to
the number of donor units transfused.

Materials and Methods

The study was approved by the ethics committee of
the Sir Charles Gairdner Hospital, and the Confidentiality
of Health Information Committee at the Health Depart-
ment of Western Australia. Individual written consent
was not considered necessary because no interventions
were performed. Subjects were prospectively included if
they underwent first-time isolated coronary artery graft
surgery between March 1993 and June 2000 and sur-
vived longer than 60 days. Subjects undergoing emer-
gency surgery (defined as surgery required within 24 h)
were excluded.

Subjects presenting for elective surgery were advised
to stop aspirin at least 7 days before surgery; subjects
presenting for urgent surgery had aspirin continued until
closer to the time of surgery at the discretion of the
patient’s surgeon and cardiologist. Other medications
with antiplatelet effects, such as nonsteroidal antiinflam-
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matory drugs and dipyridamole, were stopped at least 24
h before surgery and recommenced within 24 h of sur-
gery. All subjects had 5,000 units of unfractionated hep-
arin twice a day by subcutaneous injection starting the
evening before surgery. These practices did not vary
during the study.

Where possible, the left internal thoracic artery was
used to graft the left anterior descending artery and leg
vein grafts to other vessels. Low-dose aprotinin therapy
was used if patients had recently ingested aspirin. Red
blood cell transfusions were administered where the
hemoglobin concentration was 6 g/dl or less during
cardiopulmonary bypass and between 8 and 10 g/dl after
cardiopulmonary bypass. In the setting of nonsurgical
bleeding, fresh frozen plasma was given when the Inter-
national Normalized Ratio was above 1.5, platelet con-
centrates were administered when the platelet count
was below 100 � 109/l or recent antiplatelet drugs had
been given, and cryoprecipitate was given when the
fibrinogen concentration was less than 100 mg/dl.

The following data were collected prospectively; his-
tory of cerebrovascular disease, defined as a history of
stroke, transient ischemic attack, or the presence of a
hemodynamically significant carotid stenosis; impaired
left ventricular function, defined as a cardiologist’s as-
sessment of the left ventriculogram showing moderate
or severe impairment of left ventricular systolic function;
history of diabetes requiring treatment with insulin or
oral hypoglycemic agents; history of hypertension re-
quiring drug treatment; history of chronic pulmonary
disease requiring treatment with steroids or bronchodi-
lators; preoperative creatinine clearance was estimated
for each patient using the Cockroft formula. Preopera-
tive anemia was considered to be present if the hemo-
globin concentration was less than 13 g/dl in men or 12
g/dl in women.

The number and type of allogeneic blood product
exposures was determined from transfusion records.
The total allogeneic exposure for each subject was esti-
mated by counting all units of blood and blood products
given between 5 days before surgery and 30 days after
surgery. Units of packed cells, fresh frozen plasma, and
cryoprecipitate were each counted as separate units.
Small single donor bags of platelets were counted as
individual unit exposures, large bags of pooled multi-
donor platelets were counted as four units of platelets,
large single-donor plateletpheresis-derived bags were
counted as one unit. Leukocyte-depleted blood or blood
products were not used during the study. Fractionated
blood products were used in all cases. No predonated
autologous blood was used during this study. Intraoper-
ative scavenging of blood was only used where a reli-
gious objection to blood transfusion existed. This blood
was not included in the perioperative transfusion total.

Subject death and cause of death recorded on the
death certificate were determined from the Western

Australia Death Register by using probabalistic record
linkage by the Data Linkage Unit at the Western Australia
Department of Health as described by Holman and co-
workers.10 This involves linking hospital and community
records on the basis of personal identifying information
by using a match strategy to minimize mismatches and
missed matches, with extensive clerical review to mini-
mize error. The estimated error rate is less than 0.3%.
The death was considered as cancer-linked if a malig-
nancy was mentioned either as the cause of death or as
an associated condition.

A power estimate was made with the assumptions that
14% of subjects would experience an event, 27% of
subjects would be exposed to between 1 and 2 donor
units, and 50% of subjects exposed overall. With an
alpha of 5%, 1,665 subjects would be required to give a
power of 80% to detect a 7% absolute difference in
mortality between the transfused and nontransfused sub-
jects and a power of 80% to detect a 9% absolute differ-
ence in mortality between nontransfused subjects and
those exposed to 1–2 donor units.

Statistical Analysis
Subjects were divided into the following groups:

group 1 subjects received no blood or blood products,
group 2 subjects received blood or blood products re-
sulting in 1 or 2 donor exposures, group 3 subjects were
exposed to 3–6 units, and group 4 subjects were ex-
posed to 7 or more units. The boundaries between
groups was determined post hoc to allow approximately
equal numbers in each of the transfused groups.

Summary statistics were calculated by using the mean
and SD for normally distributed variables and the median
and 90th centiles for skewed variables (days since aspi-
rin and blood products transfused). Demographic data
were compared between the groups using ANOVA for
continuous variables, contingency tables for categorical
variables, and a Kruskall-Wallis test to compare days since
aspirin. Two-tailed comparisons were made throughout,
with alpha at the 5% level. A Bonferroni correction was
used where multiple groups were compared.

The hypothesis was tested using Cox proportional
hazards regression analysis. Risk factors included as co-
variates in the analysis were age, gender, estimated cre-
atinine clearance, history of cerebrovascular disease, hy-
pertension, diabetes, impaired left ventricular function,
chronic pulmonary disease, the use of a mammary artery
graft, preoperative anemia, and transfusion group. The
covariates entered into the model were selected because
we believed on the basis of clinical experience and
literature that they had potential clinical relevance to the
longer-term mortality outcome. After peer review, car-
diopulmonary bypass time greater than 80 min and off-
pump surgery were included as covariates in the model.
The covariates were entered without stepwise selection.
The assumptions of proportional hazards were checked
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by dividing each predictor variable in turn into equal
strata and performing proportional hazards regression
analysis using the remaining variables. The log of the
cumulative hazard was plotted against time and approx-
imately parallel equidistant curves were taken as evi-
dence that the assumption of proportional hazards was
met for that variable. All of the variables satisfied the
requirements of Cox proportional hazards. Cox propor-
tional hazard regression analysis was performed using
Epi Info 3.4.3 (Centers for Disease Control and Preven-
tion, Atlanta, GA). The effect of transfusion group on
outcome was displayed graphically by performing Cox
proportional hazard analysis with the above covariates,
with the analysis stratified by transfusion group.

Results

A total of 1,841 subjects with a mean age of 62.7 yr
were included in the study. The mean length of fol-
low-up was 8.1 yr (range 4.6–11.9 yr). The distribution
of subjects between groups is displayed in table 1. Data
were missing for 5% of subjects regarding last date of
aspirin use, 4% of subjects regarding left ventricular
function, 2% of subjects regarding creatinine concentra-

tion, 0.9% of subjects regarding height and weight, 0.4%
of subjects regarding hemoglobin concentration, and
0.2% of subjects regarding airways disease. Noninforma-
tive imputation was used to replace this missing data in
the regression model – mean values were substituted for
missing continuous data, and median values were sub-
stituted for other data. Data were missing for eight sub-
jects regarding blood transfusion, and these subjects
were excluded from the multivariate analysis.

Table 2 describes the demographic and surgical char-
acteristics for each of these groups. Subjects who did not
receive a blood transfusion were younger, larger, less
likely to be female, less likely to be anemic, more likely
to have off-pump surgery, had greater creatinine clear-
ance, less prolonged surgery, and a lesser number of
distal grafts. There were no significant differences be-
tween the groups in the proportion of subjects who
received at least one arterial conduit, nor in the propor-
tion of subjects who had chronic pulmonary disease,
hypertension, diabetes, reduced left ventricular func-
tion, or cerebrovascular disease.

Hematologic data are described in table 3. Subjects
were transfused to a similar end-point, transfused groups
had hemoglobin concentrations within 0.3 g/dL of each
other, and platelet counts within 20 � 109/L, both on
arrival in the intensive care unit and on the morning of
the 3rd postoperative day. In all transfused groups the
International Normalized Ratio on arrival in the intensive
care unit was similar. Group 2 subjects were exposed to
647 units of red cells, 43 units of fresh frozen plasma,
and 15 units of platelets. Group 3 subjects were exposed

Table 1. Distribution of Subjects among Groups

Group 1 Group 2 Group 3 Group 4

Transfusion No transfusion 1–2 units 3–6 units � 6 units
n 779 402 333 327
Died during

study (%)
80 (11) 56 (14) 58 (19) 72 (23)

Table 2. Demographic and Surgical Characteristics

Group 1 Group 2 Group 3 Group 4
No transfusion 1–2 units 3–6 units � 6 units

n 779 402 333 327
Age, yr 59.9 (9) 64.3 (9)* 64.7 (9)* 65.4 (10)*
Female 7% 35%* 28%* 24%*��
Weight, kg 85.4 (14) 77.4 (14)* 76.2 (13)* 74.8 (13)*
BMI 28.4 (4) 27.5 (5)† 26.8 (4)* 26.1 (4)*§
Base eCC, ml · min–1 · m–2 43.7 (12) 39.5 (12)* 37.7 (11)* 35.8 (14)*§
Distal anastomoses 3.0 (1) 3.3 (1)* 3.3 (1)* 3.7 (1)*§#
Duration of cross clamp 50.2 (25) 57.2 (26) 58.4 (31)* 68.8 (32)*§**
Duration of CPB 79.0 (28) 88.2 (29)* 89.9 (34)* 103 (39)*§#
Anemia 3% 18%* 23%* 22%*
Off-pump 17% 12%* 8%* 1%*§**
Mammary conduit 90% 88% 87% 88%
Poor LV function 15% 18% 21% 17%
COPD 10% 8% 9% 7%
Hypertension 44% 44% 48% 45%
Diabetes 17% 20% 21% 17%
CVD 4% 5% 6% 6%

Data are mean with SD except where indicated.

* P � 0.0001 compared to group 1. † P � 0.0002 compared to group 1. ‡ P � 0.002 compared to group 1. § P � 0.0001 compared to group 2. �� P �
0.002 compared to group 2. # P � 0.0001 compared to group 3. ** P � 0.0007 compared to group 3.

Anemia � hemoglobin concentration less than 12 g/dl for females, 13 g/dl for males; BMI � body mass index, kg/m2; COPD � history of chronic pulmonary
disease requiring treatment; CPB � cardiopulmonary bypass in minutes; CVD � cerebrovascular disease; eCC � estimated creatinine clearance; LV function � left
ventricular systolic function.
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to 855 units of red cells, 264 units of fresh frozen plasma,
and 289 units of platelets. Group 4 subjects were ex-
posed to 1,959 units of red cells, 1,229 units of fresh
frozen plasma, 54 units of cryoprecipitate, and 1,799
units of platelets. 533 patients (30%) received a median
dose of 1 � 106 units of aprotinin.

Details of the Cox proportional hazards survival
model are described in table 4. The association be-
tween each variable and survival is expressed as a
hazard ratio with 95% confidence intervals of the
hazard ratio. The variables that explain the greatest
variation in the model were age, cerebrovascular dis-
ease, use of a mammary graft, chronic pulmonary

disease, renal dysfunction, reduced left ventricular
function, and preoperative anemia. Gender, hyperten-
sion, and transfused product group explained little of
the variation in the model. Subjects in group 4, who
received the greatest exposure to blood products, had
an estimated hazard ratio of 1.25 with confidence
intervals between 0.9 and 1.8. As a result of these
wide confidence intervals, we can neither prove nor
exclude a clinically significant association between
being in this group and reduced survival. Subjects in
groups 2 and 3 were not observed to have increased
risk, with estimated hazard ratios close to 1 and con-
fidence intervals between 0.7 and 1.4.

Table 3. Perioperative Hematological Data

Group 1 Group 2 Group 3 Group 4
No transfusion 1–2 units 3–6 units � 6 units

n 779 402 333 327
Days since aspirin 5 (4) 5 (5) 4 (4) 4 (4)
Prior warfarin therapy 4% 5% 6% 3%
Aprotinin MKIU 0.4 (0.8) 0.4 (0.9) 0.5 (1.0) 0.5 (1.0)��
Hb, g/dl 14.7 (1.1) 13.7 (1.2)* 13.6 (1.5)* 13.7 (1.6)*
Hb CPB, g/dl 8.0 (0.04) 7.2 (0.06)* 7.3 (0.07)* 7.1 (0.06)*
Hb ICU, g/dl 10.7 (1.2) 9.8 (1.3)* 9.7 (1.4)* 9.5 (1.4)*��
Hb day 3, g/dl 11.0 (1.4) 10.9 (1.3) 11.0 (1.5) 11.1 (1.5)
Platelet count 236 (59) 236 (58) 238 (73) 227 (68)
Platelet count ICU 158 (48) 148 (48)* 143 (47)* 131 (46)*§
Platelet count day 3 185 (56) 160 (49)* 156 (84)* 137 (52)*§#
INR ICU 1.3 (0.2) 1.4 (0.2) 1.4 (0.3)‡ 1.4 (0.3)†
RBC transfused 0 2 (1) 3 (2) 5 (4)
FFP transfused 0 0 (0) 0 (2) 3 (2)
Platelets transfused 0 0 (0) 0 (2) 3 (2)

Days since aspirin and products transfused are described using median with interquartile range; other data are mean with SD, except proportion of patients
receiving prior warfarin therapy.

* P � 0.0001 compared to group 1. † P � 0.0004 compared to group 1. ‡ P � 0.003 compared to group 1. § P � 0.0001 compared to group 2. �� P �
0.001 compared to group 2. # P � 0.0001 compared to group 3.

CPB � at end of pump run; Day 3 � 06:00 AM of post op day 3; FFP � fresh frozen plasma units; Hb � hemoglobin concentration; ICU � on arrival to intensive
care unit; INR � international normalized ratio; MKIU � million kallekrein inhibitor units; platelet counts are 109/L; RBC � red blood cell units.

Table 4. Results of Cox Proportional Hazards Regression Analysis

HR 95% CI of HR Z-statistic Chi Square P Value

Age, yr 1.06 1.04–1.08 5.68 32.2 � 0.0001
CVD 2.08 1.42–3.04 3.76 14.0 0.0002
Mammary conduit 0.59 0.44–0.79 –3.52 12.4 0.0004
Poor LV function 1.58 1.19–2.09 3.2 10.2 0.0014
Anemia 1.65 1.21–2.25 3.2 10.2 0.001
COPD 1.70 1.20–2.4 3.01 9.1 0.003
Base eCC, ml · min–1 · m–2 0.98 0.97–1.00 –2.2 4.6 0.03
Diabetes 1.35 1.02–1.79 2.07 4.3 0.04
Offpump 0.63 0.33–1.22 –1.36 1.9 0.17
Male gender 1.18 0.87–1.61 1.09 1.2 0.17
Prolonged bypass 0.88 0.67–1.14 –0.97 1.0 0.33
Hypertension 1.03 0.81–1.32 0.26 0.1 0.80
Transfusion status, compared to group 1

Group 2, 1–2 units 1.00 0.70–1.44 0.19 0.01 0.98
Group 3, 3–6 units 0.98 0.67–1.41 –0.13 0.1 0.89
Group 4, � 6 units 1.25 0.87–1.79 1.2 1.5 0.23

Note that a Bonferroni correction is not required in this table.

Anemia � hemoglobin concentration less than 12 g/dl for females, 13 g/dl for males; COPD � history of chronic pulmonary disease requiring treatment;
CVD � history of stroke, transient ischemic attack, or the presence of a hemodynamically significant carotid stenosis; eCC � estimated creatinine clearance;
HR � hazard ratio; LV � left ventricular; Offpump � surgery performed without cardiopulmonary bypass; prolonged bypass � bypass time greater than 80 min.
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The Cox model is displayed graphically in figure 1. The
figure shows cumulative hazard, using mean values for
the coefficients of each covariate stratified by transfusion
group. The curves for groups 1, 2, and 3 are almost
superimposed, indicating that there is little difference in
risk between these groups. The curve for group 4 would
appear to be more distinct, with an excess cumulative
hazard of 1% at 10 yr.

So that we could more clearly distinguish the risk of
preoperative anemia versus blood transfusion, we rean-
alyzed the Cox model after excluding the 238 subjects
with preoperative anemia. The model coefficients were
mostly unchanged. The hazard ratio (with 95% CI) for
blood transfusion groups, compared to group 1 were
group 2, 0.92 (0.61–1.38), group 3, 0.92 (0.61–1.38),
group 4, 1.04 (0.69–1.56). See Supplemental Digital
Content 1, which tables this model in more detail,
http://links.lww.com/A1456, and Supplemental Digi-
tal Content 2, which demonstrates this graphically,
http://links.lww.com/A1457. The Cox model was also
reanalyzed with two blood transfusion groups rather
than three, which did not produce major changes to
the results (see table, Supplemental Digital Content 3,
http://links.lww.com/A1458).

Subjects who reported a preoperative history of malig-
nant disease (excluding nonmelanoma skin cancer) were
more likely to be transfused: 46 (71%) of the 65 subjects
who reported a history of malignant disease before sur-
gery were transfused compared to 1,016 (57%) of 1,776
without a history of malignant disease (P � 0.03). Only
16 of the 65 subjects who reported a history of malig-
nant disease at the time of surgery died during follow-up.
There were 250 subjects who died during follow-up who
did not have a history of malignant disease at the time of

surgery, comprising 77 subjects in group 1 and 183 in
the transfused groups. In this subset, the proportion of
subjects who died with a cancer-related diagnosis was
greater in group 1 (32 of 77) than in the transfused
groups (49 out of 183) (P � 0.03).

Discussion

We did not observe an association between transfusion
of moderate amounts of blood products (up to six units)
and reduced long-term survival. The 95% confidence
intervals surrounding our point estimates for groups 2
and 3 suggest that the study is powered to exclude an
increase in hazard rates greater than 40%. After exposure
to more than six donor units, we observed an increased
hazard. Although this did not reach statistical signifi-
cance, our study does not have the power to draw any
conclusions in this group. The lack of power in this
group is confirmed both by the 95% confidence intervals
and by post hoc power estimates, which suggest that we
cannot exclude the possibility that the true hazard ratio
in this group could be as high as 1.8.

The study has some strengths. Data were collected
prospectively to test this hypothesis. The data were
collected by clinicians, and we did not rely on nonclini-
cian assessment of risk factors. We had consistent pro-
tocols during the study period. All blood was donated by
volunteer donors. We can estimate an accurate death
rate because Western Australia is an isolated state with
little emigration of patients in this age group. Bradshaw
et al.11 compared the Western Australia death register
with the Australian National Death Index in a large co-
hort of subjects at nearby hospitals undergoing coronary
artery surgery during a similar period of time; they found
that less than 2% of deaths had been registered outside of
Western Australia. If this proportion applied in the cur-
rent study, then we would estimate that we missed six
deaths because they were registered outside of Western
Australia.

Our study has several limitations. The observational
nature of the study prevents determination of whether
the observed associations are casual or causal. The study
population was limited to subjects undergoing low-risk
cardiac surgery, and our findings may not apply to sur-
gical procedures where greater blood loss may be ex-
pected, in subjects with known malignant or immune-
related disease, or where immune suppressants may be
used as part of the postoperative treatment. We recog-
nize that it is possible that our follow-up was incom-
plete; for example, subjects could have died but not
have been registered; we allowed an extended time (7
months) between the study end date and checking the
Death Register. It is possible that important confounders
may exist that we have not taken into account. We
accept that our study design is unable to adjust for

Fig. 1. Cumulative hazard by blood transfusion group. The
graph shows the cumulative hazard for mortality estimated by
the model described in table 4 but stratified by blood transfu-
sion group. Symbols indicate individual events.
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diseases, such as generalized atherosclerosis, that are
difficult to quantify but that may confound the result by
causing both increased operative blood loss and poor
long-term outcome. Our sample size is small. We have
insufficient power to state that all blood transfusion is
safe; in particular, we do not have sufficient power to
exclude a clinically significant effect in those subjects
exposed to more than six units. Nevertheless, the ma-
jority of transfused cardiac surgical patients have fewer
than six donor exposures, and our main findings apply to
a large proportion of patients undergoing coronary ar-
tery surgery.

There have been previous studies with similar hypoth-
eses and methodology. Engoren et al.12 studied 1,915
subjects undergoing first-time isolated coronary artery
bypass at St. Vincent Mercy Medical Center, Toledo,
Ohio. In a Cox regression model, they demonstrated that
age, New York Heart Association functional class IV,
chronic obstructive pulmonary disease, peripheral vas-
cular disease, and perioperative blood transfusion were
predictors of mortality occurring between 1 and 5 yr
after surgery. Detailed information about the number of
units transfused was not available; therefore, quantifica-
tion of transfusion was done in a limited manner, sub-
jects were grouped according to transfusions given dur-
ing the intraoperative period, postoperative period, or
both. Koch et al.13 studied 10,289 subjects undergoing
isolated coronary artery surgery at the Cleveland Clinic,
follow-up was 10 yr, and transfusion was quantified by
the number of units of red cells transfused to subjects in
the perioperative period. Risk was adjusted by using a
proportional hazards model. A battery of predictors for
late mortality were identified, including age, history of
heart failure, lower ejection fraction, chronic pulmonary
disease, diabetes, raised creatinine, and others. The late
hazard for death was estimated as 0.074 per unit trans-
fused. An association between the number of units of
blood transfused and long-term outcome was shown, but
the evidence for an incremental dose-dependant risk-
adjusted association was not made clear. Kuduvalli et
al.14 studied 3,024 subjects undergoing isolated coro-
nary artery surgery, with a 12-month follow-up. Subjects
who received perioperative transfusions had a lower
risk-adjusted survival rate between 1 and 12 months. The
relation between the number of donor exposures and
outcome was not directly explored.

The above studies demonstrate a clear association be-
tween blood transfusion and reduced long-term out-
come. How could our findings be discordant with such
careful and detailed studies? We speculate that this is
because our multivariate analysis has included anemia as
a risk factor.

In the setting of cardiac surgery, preoperative anemia
is a predisposing factor for blood transfusion, and it
could be argued that any association between anemia
and adverse outcome is actually the result of blood

transfusion. However, there is now considerable evi-
dence to show that, even in the absence of blood trans-
fusion, a single measurement of reduced hemoglobin
concentration is associated with reduced long-term sur-
vival. This has been observed in community studies of
elderly persons,15–18 in middle aged persons (between
45 and 65 yr of age) in the general community without
cardiovascular disease,19 in patients with acute cardio-
vascular disease undergoing nonsurgical treatment,20–22

and in patients undergoing surgery for vascular disease
with minimal exposure to blood transfusion.23

The cause of death was not part of our original hypoth-
esis; however, it has not escaped our notice that subjects
who received blood were less likely to die with a cancer
diagnosis. Although this is a post hoc observation, we
may infer that any hypothesized association between
blood transfusion and long-term survival is unlikely to be
related to cancer promotion.

We do not anticipate that our study should encourage
clinicians to transfuse allogeneic blood without careful
consideration of the balance of risks and benefits. There
are many reasons to use blood responsibly and conser-
vatively in relation to potential short-term adverse effects
and also in relation to reducing the use of a scarce and
costly resource. However, we should reassure patients
who have undergone coronary artery surgery and who
have received blood as part of responsible and conser-
vative management that they are unlikely to experience
a reduction in long-term survival.

In summary, after adjusting for major preoperative risk
factors, we did not observe a strong association between
the transfusion of up to 6 units of blood or blood prod-
ucts during coronary artery surgery and long-term sur-
vival. Also, in the subjects who died during the study, we
did not observe an association between blood transfu-
sion and a cancer diagnosis at the time of death. Our
study does not have the power to draw any valid con-
clusions in subjects exposed to more than 6 units of
blood and blood products.

Diana Rosman, B.Sc., Grad. Dip. Comp., M.Med.Sc., Program Manager, West-
ern Australia Data Linkage Unit, Department of Health, Perth, Western Australia,
gave invaluable help linking our data with the Western Australia Death Register.
David J. Joske, M.B.B.S., Consultant Hematologist, Department of Hematology,
Queen Elizabeth Medical Centre, Perth, Western Australia, suggested the re-
search hypothesis. Neil Gordon, B.App.Sci., Information Manager, PathWest,
Royal Perth Hospital, Perth, Western Australia, assisted with data linkage.
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