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Background. Both anemia and transfusions (Tx) are
associated with mortality after cardiac operations. How-
ever, the relative contributions of anemia and Tx and
their interaction on late mortality have not been
determined.

Methods. 922 patients who underwent isolated
coronary artery bypass grafting (CABG) were retrospec-
tively studied. Anemia (AD) was defined as hemoglobin
<12 g/dL for men and <11 g/dL for women. Patients who
received (TxD) and did not receive (Tx-) transfusions
were compared; patient characteristics were controlled for
by the use of Cox analysis and then by matching TxD to
Tx- patients based on identical hemoglobin levels at
admission and by propensity matching.

Results. 5.3% of Tx- patients died, compared with 11%
of TxD patients (p [ 0.001). The interaction of anemia
and Tx was associated with a greater hazard of dying.
In particular, ADTxD (anemic, received transfusion)
patients had a threefold hazard of death (2.918, 95%
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confidence interval [ 1.512–5.633, p [ 0.001) compared
with ALTxL (nonanemic, no transfusion) patients.
ADTxD patients had twice the hazard of dying as did
ADTxL (anemic, no transfusion) (hazard ratio [ 2.087,
95% confidence interval [ 1.004–4.336, p [ 0.049). In
populations matched by preoperative hemoglobin levels
or by propensity scores, similar results were seen: a sig-
nificant interaction between anemia and transfusion of
red blood cells. ADTxD patients fared significantly worse
than did the other three groups. Although there was no
difference in mortality between AL patients who did or
did not receive transfusions, ADTD patients had triple
the risk as ADT- patients, whereas ADTxL patients had
a similar risk of late mortality as ALTxL patients.
Conclusions. The anemia–transfusion interaction was

associated with an increased hazard of late mortality.

(Ann Thorac Surg 2014;97:514–21)
� 2014 by The Society of Thoracic Surgeons
nemia is common in patients undergoing cardiac
Aoperations; besides its distinct detrimental effects on
outcomes, is also important because it is the driving force
behind transfusions of red blood cells (RBC) [1–3]. Low
preoperative hemoglobin levels are common in patients
undergoing cardiac operations and are often caused by
hospital acquired blood loss, iron-deficiency anemia, and
anemia of chronic disease that are unrelated to the
operative procedure [4]. Determinants of perioperative
anemia related to surgical procedures include phlebot-
omy, intraoperative blood loss, and the hemodilution
inherent to the use of the cardiopulmonary bypass. The
resultant intraoperative or postoperative anemia is
frequently treated by RBC transfusions. Although tradi-
tional dogma holds that although the immediate effects of
a transfusion may be an increase in oxygen delivery and
amelioration of organ ischemia, there are data suggesting
that RBC transfusions may be associated with significant
short-term and long-term harmful effects that need to be
carefully weighed in current transfusion practices.
Several studies have found that perioperative RBC
transfusion is associated with lower long-term survival in
patients undergoing coronary artery bypass grafting
(CABG) [5–8].
Some have argued that it is preoperative anemia

(rather than RBC transfusion itself) that is harmful, and
RBC transfusion may merely be a marker of an anemic
patient [9, 10]. Preoperative anemia is a recognized risk
factor for major morbidity and perioperative mortality
after cardiac operations [3, 10]. However, an association of
anemia with long-term outcomes is less well defined. A
recent report has found an association between anemia
and long-term mortality [9]. However, these studies
neglected to control for RBC transfusions—an important
confounder, given the increased likelihood of this treat-
ment among anemic patients. Furthermore, studies to
date have neglected to adequately address the interaction
of preoperative anemia and RBC transfusions on late
mortality.
We undertook a historical cohort study at a single

center to test whether preoperative anemia would
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transfusions would either provide a protective or a per-
nicious effect on a patient’s risk of late mortality.
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Material and Methods

Using prospectively collected data, we undertook an
Institutional Review Board (IRB) (Mercy St. Vincent
Medical Center) approved historical cohort study. The
IRB waived informed consent, given our use of deiden-
tified data.

Patients
Patients (n ¼ 999) who underwent isolated CABG be-
tween October 1, 2006, and July 30, 2010, at Mercy St.
Vincent Medical Center were studied. Patients were
excluded for having any missing hemoglobin values (n ¼
60) or for operative mortality (n ¼ 17), defined as death
within 30 days of the operation or later if still hospitalized
after the operation.

Perioperative Management
During this time, we had a restrictive RBC transfusion
practice with RBC transfusion based on hemoglobin level;
the threshold was approximately 6.0 g/dL during car-
diopulmonary bypass and 7.0 g/dL at other times or in
any patient with evidence of end-organ ischemia in the
setting of optimized hemodynamics. Transfusion was a
physician’s decision reflective of these institutional
norms. In our practice, CABG is typically performed by
using normothermic cardiopulmonary bypass, with the
goal of obtaining complete revascularization. We
routinely used internal mammary arteries and discharged
patients with recommended medicines including aspirin,
statins, b-blockers, clopidogrel, and angiotensin convert-
ing enzyme inhibitors.

Data Collection and Definitions
Data were obtained from our institutional cardiac surgery
database, which contains preoperative demographics,
comorbidities, operative details, blood transfusions, and
mortality. These variables were defined according to the
Society of Thoracic Surgeons definitions (http://www.sts.
org/) (Table 1). Our institutional database had been last
updated with all mortalities through November 30, 2011,
by use of the Social Security Death Index. Hemoglobin
was measured at several protocol-driven times in the
perioperative period: Admit (first in-hospital value if an
inpatient, from preadmission testing if an elective case),
immediate preoperative (obtained in the operating room
from arterial line insertion), nadir intraoperative (lowest
value obtained between induction and discharge from the
operating room), nadir postoperative (lowest value in the
intensive care unit or stepdown unit), and discharge (last
value before hospital discharge). Changes in hemoglobin
value from admit to the lowest intraoperative or post-
operative value (DHb) were calculated and included in
the database. Preoperative creatinine was entered into the
database as the last value before the procedure.
Analysis
We divided all patients into groups based on presence
(Aþ) or absence (A�) of anemia, as hemoglobin <12 g/dL
for men and <11 g/dL for women and receipt (Txþ) or
absence (Tx�) of RBC transfusion. This interaction of
anemia and RBC transfusion produced four groups of
patients for the analyses: anemic patients who received
RBC transfusion (AþTxþ), anemic patients who did not
receive RBC (AþTx�), nonanemic patients who received
RBC (A�Txþ), and nonanemic patients who did not
receive RBC (A�Tx�). We initially analyzed all patients
using this four-level interaction variable. In the second
analysis, to better define the effect of anemia, using a
computer algorithm we matched patients who received
RBC transfusions with those who did not receive trans-
fusions 1:1 on the basis of an identical preoperative he-
moglobin level. If there was more than one potential
match of patients not receiving transfusions, one was
randomly selected. In the third analysis, we used pro-
pensity matching by use of all the variables in Table 1
except anemia, hemoglobin, and transfusion with
calipers ¼ 0.001 and all standardized differences <10% to
match patients not receiving transfusions with those not
receiving transfusions on the basis of their likelihood or
propensity to receiving transfusions.

Statistics
Patients who survived were univariably compared with
those who died by use of Student’s t test, Wilcoxon rank
sum, c2, and Fisher’s exact test, as appropriate. Normally
distributed data are presented as mean � standard devi-
ation and nonparametric data as median (intraquartile
range). Cox modeling, used to determine the independent
effect of anemia and transfusion on survival, was done
by entering all preoperative patient characteristics and
processes of care that were univariably associated
(p < 0.2) with survival in stepwise models. For the
propensity-matched population, Cox models contained
only anemia, preoperative hemoglobin, transfusion, and
anemia–transfusion interaction. Final models included
variables found to be significant based on a p value <0.05
and 95% confidence intervals that did not overlap with 1.
Predictive discrimination of the Cox models is presented
as Harrell’s c and its standard deviation as modified
Kendall s, and presented as mean � standard deviation
[11, 12]. Cox plots were created by a method of direct
adjustment of the observed conditional probability of
survival at the time of each event [13]. Binary logistic
regression was used to find the association between he-
moglobin levels and RBC transfusion. Its ability to accu-
rately discriminate between patients receiving and not
receiving transfusions was determined by the area under
the receiver operator characteristic curve and expressed
as the c statistic � standard error of the mean. All statistics
were performedwith SPSS 20.0 (SPSS, IBM, Armonk, NY).

Power Analysis
We assumed that 33% of patients would receive trans-
fusions, and we wished to be 90% confident that we could

http://www.sts.org/
http://www.sts.org/


Table 1. Patient Characteristics, Comorbidities, Processes of
Care, and Laboratory Values

Characteristic

Alive
(n ¼ 852)

Dead
(n ¼ 70)

p
Valuen % n %

Male 620 73% 54 77% 0.485
Race 0.833

Black 86 10% 8 11%
White 731 86% 60 86%
Other 35 4% 2 3%

Smokes 387 45% 29 41% 0.535
FH CAD 387 45% 21 30% 0.012
Hyperlipidemia 701 82 54 77% 0.331
Renal failure 24 3% 12 17% <0.001
Hypertension 724 85% 60 86% 0.999
COPD 160 19% 17 24% 0.270
Immune suppression 25 3% 7 10% 0.008
Peripheral vascular

disease
124 15% 20 29% 0.003

Cerebrovascular disease 125 15% 7 10% 0.374
Prior cardiac

intervention
242 28% 18 26% 0.681

Myocardial infarction 506 59% 43 61% 0.601
Congestive heart failure 83 10% 17 24% 0.001
NYHA III/IV 255 30% 30 43% 0.031
Cardiogenic shock 19 2% 2 3% 0.670
Resuscitation 4 0.5% 1 1% 0.327
Arrhythmia 88 10% 16 23% 0.005
Status 0.225

Elective 276 32% 23 33%
Urgent 502 59% 45 64%
Emergent 74 9% 2 3%

Off-pump 260 31% 14 20% 0.076
Left main disease 220 26% 27 39% 0.025
Internal mammary artery 812 95% 66 94% 0.569
Any RBC transfusion 317 37% 39 56% <0.001
Anemia 380 45% 42 61% 0.017
Anemia–RBC transfusion

interaction
<0.001

No anemia, no RBC
transfusion

377 44% 18 26%

No anemia, yes RBC
transfusion

137 16% 10 14%

Yes anemia, no RBC
transfusion

159 19% 12 7%

Yes anemia, yes RBC
transfusion

179 21% 30 43%

Mean SD Mean SD
p

Value

Age (y) 64 11 69 12 <0.001
Weight (kg) 91 20 90 22 0.817
Height (cm) 172 10 173 10 0.258
Body mass

index (kg/m2)
31 6 30 7 0.457

Preoperative
creatinine (mg/dL)

1.04 0.68 1.44 1.18 0.006

(Continued)

Table 1. Continued

Mean SD Mean SD
p

Value

Perfusion time
(min, n ¼ 648)

89 31 97 30 0.044

Cross-clamp time
(min, n ¼ 626)

59 24 65 27 0.079

Distal artery grafts 1.6 0.8 1.6 1.0 0.580
Distal vein grafts 1.8 1.0 2.0 1.2 0.092
Ejection fraction 0.48 0.11 0.44 0.13 0.008
Hemoglobin (g/dL)
Hospital admit 12.2 2.4 11.0 2.6 <0.001
Preoperative 12.1 2.3 10.9 2.5 <0.001
Intraoperative nadir 8.8 2.0 8.2 1.8 0.011
Last in operating room 9.5 1.8 9.1 1.6 0.093
Arrival in CVICU 10.5 1.5 10.2 1.7 0.152
Postoperative nadir 8.7 1.5 8.4 1.6 0.054
Hospital discharge 9.6 1.4 9.8 1.3 0.346
DHb 3.4 2.2 2.9 2.2 0.050

COPD ¼ chronic obstructive pulmonary disease; CVICU ¼ cardio-
vascular intensive care unit; FH CAD ¼ family history of coronary
artery disease; NYHA ¼ New York Heart Association; RBC ¼ red
blood cell; DHb ¼ hospital admit hemoglobin minus lowest intra-
operative or postoperative hemoglobin level.

516 ENGOREN ET AL Ann Thorac Surg
EFFECT OF ANEMIA AND TRANSFUSION ON MORTALITY 2014;97:514–21

A
D
U
L
T
C
A
R
D
IA

C

find a 50% increase in the risk of death in those patients
from 10% to 15%. This required 755 patients for the initial
analysis and 510 for the matched-patient analysis [14].
Results

All Patients
Seventeen of the 939 patients (2%) who underwent iso-
lated CABG and had complete hemoglobin data available
represented operative deaths and were excluded from all
further analyses (15 of these 17 had received blood
transfusions). Seventy of the 922 operative survivors (8%)
were dead at late follow-up (median, 2.45 years; intra-
quartile range, 1.36–3.45 years). Patients who died were
older and were more likely to have comorbidities. They
also had lower admit, preoperative, and intraoperative
nadir hemoglobin levels and were more likely to have
received RBC transfusions (Table 1). Three hundred fifty
six patients (39%) received transfusions. Predictably, pa-
tients who received transfusions had lower hemoglobin
levels, with each gram per deciliter drop in hemoglobin
associated with a 0.046 to 0.073 increased odds of
receiving a transfusion (Table 2). Hemoglobin levels
showed good to excellent discrimination in identifying
patients receiving transfusions patients with c statistics ¼
0.687 � 0.018 (for preoperative) to 0.846 � 0.013 (post-
operative nadir) to 0.921 � 0.009 (for logistic regression
model combining all hemoglobin levels) (Table 2). The
drop between admit and nadir hemoglobin, DHb, poorly
discriminated (c statistic ¼ 0.545 � 0.020) between pa-
tients receiving or not receiving transfusions. Both RBC
transfusion and hemoglobin levels were univariably
associated with increased risk of dying (Table 1).



Table 2. Hemoglobin Levels Univariably Associated With
RBC Transfusion With the Odds Ratio of RBC Transfusion for
Each 1 g/dL Increase in Hemoglobin

Hemoglobin OR 95% CI
p

Value
c

Statistic SE
p

Value

Admit 0.954 0.943–0.964 <0.001 0.687 .018 <0.001
Preoperative 0.953 0.942–0.963 <0.001 0.698 0.017 <0.001
Intraoperative

nadir
0.927 0.913–0.941 <0.001 0.794 0.015 <0.001

Last in
operating
room

0.941 0.928–0.954 <0.001 0.703 0.018 <0.001

Arrival in
CVICU

0.947 0.935–0.960 <0.001 0.726 0.017 <0.001

Postoperative
nadir

0.928 0.914–0.928 <0.001 0.846 0.013 <0.001

Hospital
discharge

0.949 0.936–0.962 <0.001 0.597 0.019 <.001

DHb 0.929 0.899–0.960 <0.001 0.545 0.020 0.023
All combined 0.921 0.009 <0.001

Area under the receiver operator characteristic curve (c statistic) is the
ability of the hemoglobin levels to discriminate between those who did
and those who did not receive RBC transfusion.

95% CI ¼ 95% confidence interval; CVICU ¼ cardiovascular intensive
care unit; OR ¼ odds ratio; SE ¼ standard error; DHb ¼
hospital admit hemoglobin minus lowest intraoperative or postoperative
hemoglobin level.
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Thirty of the 566 patients not receiving transfusions
(5%) died (median time to death or follow-up ¼ 2.72
years; range, 1.45–3.56 years). Forty of the 356 patients
receiving transfusions (11%) died (median time to death
or follow-up ¼ 2.10 years; range, 1.21–3.29 years.) In
addition to older age, higher creatinine, being taller, and
being immunosuppressed, the interaction of anemia and
RBC transfusion was associated with a greater hazard of
dying (Table 3; Fig 1). In particular, AþTxþ patients had a
threefold hazard of death compared with A�Tx� pa-
tients. In a comparison of AþTxþ patients with A�Txþ
patients, the AþTþ patients had twice the hazard of dying
as did the A�Tþ patients (2.087, 1.004–4.336, p ¼ 0.049)
(Table 3) AþTx� and A�Txþ patients had similar
hazards of dying.

Hemoglobin-Matched Patients
With an excellent discriminative ability (c statistic ¼
0.921 � 0.009), a model consisting solely of hemoglobin
levels showed that hemoglobin levels were the pre-
dominant driver for the decision to transfuse or not to
transfuse. Therefore, to further investigate the effect of
preoperative hemoglobin level and RBC transfusion on
late mortality, we matched 312 patients receiving trans-
fusion (84% of all those receiving RBC transfusions) with
312 patients not receiving transfusions, on the basis of
identical admit hemoglobin levels. AþTxþ patients
received more RBC units (median 3; intraquartile range,
2–4) than did A�Txþ patients (median 2; interquartile
range, 2–3, p ¼ 0.014). Within this matched patient
population, Cox analysis showed a significant
interaction between anemia and RBC transfusion.
AþTxþ patients fared significantly worse than did the
other three groups. Although there was no difference in
mortality between A� patients who did or did not
receive transfusions (Table 3B; Fig 2), AþTþ patients
who received transfusions had triple the hazard as
AþT� patients. In T� patients, mortality was similar
between Aþ and A� patients. Because AþTxþ patients
received more RBC than did A�Txþ patients, we further
analyzed the interaction of transfusion and anemia using
Cox modeling to compare A�Txþ patients and AþTxþ
patients, to determine whether the different mortality
hazards were due to the increased number of RBC
transfused. This showed that although each RBC unit
was associated with a 1.131 increased death hazard
(1.087–1.178, p < 0.001), anemia more than doubled the
hazard of dying, 2.254 (1.255–4.049, p ¼ 0.007).

Propensity-Matched Patients
We matched 288 patients receiving transfusions (81%)
with 288 patients not receiving transfusions. Thirty-four
(6%) of the 578 patients were dead at follow-up. Cox
models showed that anemia–transfusion interaction was
a statistically significant predictor of mortality but that
anemia and transfusion themselves were not. Similar to
the other Cox models, AþTxþ patients had the highest
death hazard, whereas A�Tx� patients had the lowest
(Table 3; Fig 3).
Comment

The main findings of our study are these: (1) RBC trans-
fusion is associated with increased late mortality in both
anemic and nonanemic patients. The combined hazard of
anemia and RBC transfusion is nearly triple that of the
nonanemic patient not receiving transfusion. (2) The
mortality risk associatedwith RBC transfusion is increased
in anemic patients compared with nonanemic patients.
Although anemic transfused patients received slightly
more RBC units than did nonanemic patients, even after
adjustment for number of units of RBCs, anemic patients
had more than double the hazard of dying (2.254, 95%
confidence interval ¼ 1.255–4.049, p ¼ 0.007).
Our analysis showed that there was an interaction be-

tween anemia and RBC transfusion and that this was
present in all three models (Table 3; Figs 1–3). Although
there were statistically nonsignificant differences in
mortality risk (based on hemoglobin levels) (Table 3;
Figs 1–3) between AþTx� and A�Tx� patients, AþTxþ
patients had double the mortality hazard of A�Txþ pa-
tients, showing that in the presence of transfusion, ane-
mia was associated with an increased mortality. In the
patients receiving RBC transfusion, anemic patients had a
tripling of mortality risk compared with nonanemic pa-
tients. These findings suggest that if possible, CABG
should be delayed in anemic patients until the anemia
resolves; if delay is not possible, then efforts should
be specially made to avoid the hemodilution and
bleeding that necessitate RBC transfusion. Studies will be
needed to determine (1) whether preoperative anemia is



Table 3. Cox Models of Mortality

Cox models of mortality in all 922 patients

HR 95% Confidence Interval p Value

Age (year) 1.050 1.025–1.075 <0.001
Height (cm) 1.036 1.009–1.065 0.010
Creatinine (mg/dL) 1.554 1.263–1.911 <0.001
Immunosuppression 2.950 1.335–6.494 0.008

Anemia–transfusion interaction 0.011
Anemia� Transfusion� 1.000
Anemia� Transfusionþ 1.398 0.627–3.118 0.412
Anemiaþ Transfusion� 1.585 0.767–3.272 0.213
Anemiaþ Transfusionþ 2.918 1.512–5.633 0.001

Compared with Anemia� Transfusionþ: Anemiaþ transfusion� 1.133 (0.490–2.619), p ¼ 0.770; Anemiaþ transfusionþ 2.087
(1.004–4.336), p ¼ 0.049. Compared with Anemiaþ Transfusion�: Anemiaþ Transfusionþ 1.842 (0.921–3.684), p ¼ 0.084.

Cox model of mortality in the 624 patients matched on admit hemoglobin

HR 95% Confidence Interval p Value

Age (year) 1.056 1.031–1.081 <0.001
Height (cm) 1.050 1.021–1.079 0.010
Creatinine (mg/dL) 1.374 1.175–1.607 <0.001
Immunosuppression 2.092 1.016–4.310 0.045

Anemia–transfusion interaction 0.001
Anemia� Transfusion� 1.000
Anemia� Transfusionþ 1.661 0.723–3.814 0.231
Anemiaþ Transfusion� 1.027 0.423–2.492 0.953
Anemiaþ Transfusionþ 3.484 1.606–7.559 0.002

Compared with Anemia� Transfusionþ: Anemiaþ transfusion� 0.618 (0.285–1.343), p ¼ 0.224; Anemiaþ transfusionþ 2.098
(1.170–3.760), p ¼ 0.013. Compared with Anemiaþ Transfusion�: Anemiaþ Transfusionþ 3.392 (1.667–6.901), p ¼ 0.001.

Cox model of mortality of the 576 propensity-matched patients

HR 95% Confidence Interval p Value

Anemia–transfusion interaction 0.001
Anemia� Transfusion� 1.000
Anemia� Transfusionþ 1.474 0.651–3.338 0.352
Anemiaþ Transfusion� 1.722 0.828–3.582 0.146
Anemiaþ Transfusionþ 3.676 1.962–6.885 <0.001

Compared with Anemia� Transfusionþ: Anemiaþ transfusion� 1.168 (0.498–2.740), p ¼ 0.721; Anemiaþ transfusionþ 2.494 (1.164–5.345), p ¼ 0.019.
Compared with Anemiaþ Transfusion�: Anemiaþ Transfusionþ 2.135 (1.091–4.179), p ¼ 0.027.

Top: c statistic ¼ 0.743 � 0.072. Middle: c statistic ¼ 0.761 � 0.069. Bottom: c statistic ¼ 0.764 � 0.074.

HR ¼ hazard ratio.
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correctable without packed RBC transfusion, (2) if packed
RBC transfusion outside of the perioperative period has
similar negative impact on outcomes, and most impor-
tantly (3) whether correcting preoperative anemia will
result in improved outcomes.

This deleterious association of transfusion and mor-
tality was not found in a recent study, which attributed
the harm to preoperative anemia [9]. Our studies differ
predominantly in how the Cox models were constructed.
Because the likelihood of transfusion increases with pre-
operative anemia and any possible harmful effects may
be mediated through transfusion or may be independent
of transfusion, we chose to analyze the data with an
interaction term: anemia – transfusion to produce four
separate categories (A�Tx�, A�Txþ, AþTx�, and
AþTxþ). The use of this interaction permitted us to
determine that both transfusion and anemia are associ-
ated with increased risk of death, but that the association
with anemia and death is present only if the anemic pa-
tient received transfusion, whereas the increased risk
associated with transfusion is present in both anemic and
nonanemic patients. By not using an interaction term,
Dardashti and colleagues [9] may have missed an
important confounder in their analysis.
Our study differed from other studies that evaluated

only the effect of anemia and RBC transfusion on short-
term mortality [3, 10]. It is unlikely that in the absence
of malignant transfusion reaction, the transfusion would
be the proximate cause of acute perioperative death;
rather, it would more likely be just a marker for more a



Fig 2. Cox plot of all 624 patients (matched by admit hemoglobin)
showing the effect of anemia–transfusion interaction on survival after
adjustment for the other factors. A�Tx� nonanemic, no transfusion
(n ¼ 136); A�Txþ nonanemic, received transfusion (n ¼ 136);
AþTx� anemic, no transfusion (n ¼ 176); AþTxþ anemic, received
transfusion (n ¼ 176).

Fig 1. Cox plot of all 922 patients showing the effect of
anemia–transfusion interaction on survival after adjustment for the
other factors. A�Tx� nonanemic, no transfusion (n ¼ 377);
A�Txþ nonanemic, received transfusion (n ¼ 137); AþTx� anemic,
no transfusion (n ¼ 159); AþTxþ anemic, received transfusion
(n ¼ 179).

Fig 3. Cox plot of all 576 propensity-matched patients showing the
effect of anemia–transfusion interaction on survival after adjustment
for the other factors. A�Tx� nonanemic, no transfusion (n ¼ 202);
A�Txþ nonanemic, received transfusion (n ¼ 148); AþTx� anemic,
no transfusion (n ¼ 86); AþTxþ anemic, received transfusion
(n ¼ 140).
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complex and complicated perioperative course. Thus,
likely these patients died in spite of blood transfusion, not
because of it, and we therefore excluded operative mor-
tality and studied only late mortality, as in our previous
study [5]. The inclusion of operative mortalities, almost all
of them in patients who received RBC transfusion, would
bias our findings toward finding an association between
RBC transfusion and mortality. Excluding them as we did
biases this study toward finding no decision, which
strengthens our findings of a deleterious association be-
tween RBC transfusion and late mortality. Our finding
that preoperative anemia is a risk factor for late death
(if the patient also receives RBC transfusion) is in agree-
ment with a study that found a tripled death rate in
preoperative anemic patients [15]. However, that study
did not evaluate RBC transfusion, and the mortality effect
of anemia they found may actually have been from RBC
transfusion.
Despite RBC transfusions being given overwhelmingly

on the basis of hemoglobin levels and patients being
matched on the basis of admit hemoglobin levels, there
may have been differences in which patients were more
likely to bleed or require greater amounts of hemodilution
and thus receive transfusions. It may be these differences,
not RBC transfusions, that are causally associated with the
late mortality. RBC transfusion has been linked to late
mortality in CABG patients [5–8] but not in other patient
populations [16–20]. This suggests that the mechanism
of RBC transfusion on mortality may be unique to
CABG patients and may be specific to the pathology of
coronary graft occlusion. Graft occlusion occurs from the
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combination of thrombosis, intimal hyperplasia, and
atherosclerosis, all of which may be exacerbated by
leukocyte-mediated inflammation. Microchimerism is
common after RBC transfusions, including leukocyte-
depleted units [21]; is associated with inflammation [22];
and has been proposed as a possible cause of atheroscle-
rosis [23]. However, studies need to be done to elucidate
the mechanism of transfusion-associated late mortality.

There are several limitations to this study. This was a
single-center study, with RBC transfusion driven primarily
by hemoglobin levels and not by other factors. Institutions
with different hemoglobin thresholds or other criteria for
RBC transfusion may have different risks and benefits from
RBC transfusion. Another limitation is that even though we
were sufficiently powered to find a 50% increased risk of
mortality and we found an increased risk in the interaction
of anemia and RBC transfusion, we may have been insuf-
ficiently powered to find a smaller risk from anemia alone.
We are also limited by not knowing the causes of the ane-
mia, whether it was acute from the cardiac catheterization,
or whether it was from chronic disease, or whether it would
respond to iron and vitamin supplementation. Finally, we
lack long-term postoperative hemoglobin levels and causes
of death, which limit our ability to generate hypotheses as to
why RBC transfusion and, more so, its interaction with
anemia are associated with increased late mortality.

One strength of our study is that we found similar
results by using the entire population, a hemoglobin-
matched population, and a propensity-matched popula-
tion. By matching on admit hemoglobin level and then
assessing the interaction between anemia and RBC
transfusion, we were better able to measure the interac-
tive effects of anemia and transfusion on long-term sur-
vival, because hemoglobin values overwhelmingly
predicted RBC transfusion (c statistic ¼ 0.921 � 0.009)
with other variables having minimal effect on the deci-
sion to transfuse. These findings were confirmed when
we used propensity matching to isolate the effects of
anemia and transfusion on mortality.

Conclusions
We found that the interaction of anemia and RBC
transfusion was associated with an increased risk of late
mortality. AþTxþ patients had the highest death haz-
ard, and A�Tx� patients had the lowest. AþTx� and
A�Txþ patients had intermediate death hazards. We
also found that after admit hemoglobin and RBC
transfusion were controlled for, intraoperative and
postoperative hemoglobin levels and DHb had no
association with mortality.
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