
Copyright 2016 American Medical Association. All rights reserved.

Blood Transfusion and 30-Day Mortality in Patients
With Coronary Artery Disease and Anemia
Following Noncardiac Surgery
Robert H. Hollis, MD; Brandon A. Singletary, MPH; James T. McMurtrie, BS; Laura A. Graham, MPH; Joshua S. Richman, MD, PhD;
Carla N. Holcomb, MD; Kamal M. Itani, MD; Thomas M. Maddox, MD, MSc; Mary T. Hawn, MD, MPH

IMPORTANCE Although liberal blood transfusion thresholds have not been beneficial
following noncardiac surgery, it is unclear whether higher thresholds are appropriate for
patients who develop postoperative myocardial infarction (MI).

OBJECTIVE To evaluate the association between postoperative blood transfusion and
mortality in patients with coronary artery disease and postoperative MI following noncardiac
surgery.

DESIGN, SETTING, AND PARTICIPANTS Retrospective cohort study involving Veterans Affairs
facilities from January 1, 2000, to December 31, 2012. A total of 7361 patients with coronary
artery disease who underwent inpatient noncardiac surgery and had a nadir postoperative
hematocrit between 20% and 30%. Patients with significant bleeding, including any
preoperative blood transfusion or transfusion of greater than 4 units during the
intraoperative or postoperative setting, were excluded. Mortality rates were compared using
both logistic regression and propensity score matching. Patients were stratified by
postoperative nadir hematocrit and the presence of postoperative MI.

EXPOSURE Initial postoperative blood transfusion.

MAIN OUTCOMES AND MEASURES The 30-day postoperative mortality rate.

RESULTS Of the 7361 patients, 2027 patients (27.5%) received at least 1 postoperative blood
transfusion. Postoperative mortality occurred in 267 (3.6%), and MI occurred in 271 (3.7%).
Among the 5334 patients without postoperative blood transfusion, lower nadir hematocrit
was associated with an increased risk for mortality (hematocrit of 20% to <24%: 7.3%; 24%
to <27%: 3.7%; and 27% to 30%: 1.6%; P < .01). In patients with postoperative MI, blood
transfusion was associated with lower mortality, for those with hematocrit of 20% to 24%
(odds ratio, 0.28; 95% CI, 0.13-0.64). In patients without postoperative MI, transfusion was
associated with significantly higher mortality for those with hematocrit of 27% to 30% (odds
ratio, 3.21; 95% CI, 1.85-5.60).

CONCLUSIONS AND RELEVANCE These findings support a restrictive postoperative transfusion
strategy in patients with stable coronary artery disease following noncardiac surgery.
However, interventional studies are needed to evaluate the use of a more liberal transfusion
strategy in patients who develop postoperative MI.
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P erioperative anemia is associated with an increased risk
for mortality among patients undergoing noncardiac
surgery.1-4 In patients with a history of cardiovascular

disease, the risk for mortality with perioperative anemia is
amplified.5 Blood transfusion offers the most immediate
therapy for anemia. However, liberal transfusion strategies that
use a hemoglobin transfusion threshold of 9 to 10 g/dL (to con-
vert to grams per liter, multiply by 10.0) have not been asso-
ciated with improved mortality compared with restrictive
transfusion strategies that use a hemoglobin transfusion
threshold of 7 to 8 g/dL in various hospitalized patient
populations.6-10

Prior studies of patients with cardiovascular disease un-
dergoing surgery have shown similar outcomes with liberal and
restrictive transfusion strategies. In patients undergoing hip
surgery with risk factors or a history of cardiovascular dis-
ease, there was no significant difference in mortality or func-
tional outcomes using a hemoglobin transfusion trigger of 8
vs 10 g/dL.11 In a trial of patients undergoing cardiac surgery,
there was no significant difference in a composite outcome of
infection or ischemic events using a hemoglobin transfusion
trigger of 7.5 vs 9 g/dL; however, analysis of secondary end
points suggested higher rates of 90-day mortality with the
lower hemoglobin trigger.12 Importantly, these studies did not
address differences with transfusions in patients who devel-
oped myocardial infarction (MI) in the postoperative period.
Multiple studies have evaluated the role of blood transfusion
in patients presenting with acute coronary syndrome and, to
our knowledge, no clear consensus has been made regarding
the appropriate hematocrit transfusion trigger.13-15 Variation
in hospital transfusion thresholds highlights the uncertainty
of appropriate transfusion practices in patients with unstable
coronary artery disease (CAD).16,17 Whether restrictive or lower
transfusion thresholds are generalizable for postoperative pa-
tients who develop postoperative MI is not clear.

To better determine the role of postoperative blood trans-
fusions in patients with CAD and postoperative MI following
noncardiac surgery, we examined the rates of mortality in pa-
tients based on receipt of blood transfusion and stratified by
whether they developed postoperative MI. We hypothesized
that postoperative blood transfusion would be associated with
improved mortality rates at higher hematocrit values in pa-
tients with postoperative MI.

Methods
Study Population
We performed a retrospective cohort study of a sample of pa-
tients with a history of CAD who subsequently underwent non-
cardiac surgery from January 1, 2000, to December 31, 2012,
at Veterans Affairs (VA) medical centers. The full details of the
formation of this cohort have been described previously.18

Briefly, all patients who underwent noncardiac surgery within
2 years after coronary stent placement at VA medical centers
were identified and this population was then matched by sur-
gical and cardiovascular disease risk factors to patients with-
out coronary stents but with a history of CAD identified using

International Classification of Diseases, Ninth Revision codes
(410.xx, 411.xx, 412.xx, 414.xx, 429.2x, v4581, or 492.2x). Data
for this study came from the VA Clinical Assessment Report-
ing and Tracking Program, VA Medical SAS data sets, and VA
Surgical Quality and Improvement Program. The study was ap-
proved and granted waiver of consent by the local institu-
tional review boards of the Birmingham VA Hospital, the VA
Boston Healthcare System, and the VA Eastern Colorado Health
System.

To identify patients with a potential exposure to blood
transfusion, we limited the cohort to inpatient surgical pro-
cedures with signs of postoperative anemia defined as a
nadir postoperative hematocrit of 30% or less (to convert to
proportion of 1.0, multiply by 0.01). Because guidelines sup-
port consideration of blood transfusion in patients with pre-
existing cardiovascular disease with hematocrit of less than
20%, these patients were excluded from the study.14 Given
the possibility of major hemorrhage resulting in postopera-
tive MI, we also excluded patients with signs of significant
bleeding including any preoperative blood transfusion,
intraoperative blood transfusion greater than 4 units, or
blood transfusion greater than 4 units in the 72 hours follow-
ing surgery.19

Study Variables
Our independent variable of interest was the initial postop-
erative blood transfusion identified using International Clas-
sification of Diseases, Ninth Revision procedure code 99.04 and
the Healthcare Common Procedure Coding System codes
P9016, P9021, P9022, P9038, P9039, and P9040. Our pri-
mary outcome was 30-day mortality rate identified in VA Vi-
tal Status file. Patients were considered to have postopera-
tive MI if they had a diagnosis of MI identified by International
Classification of Diseases, Ninth Revision code 410.xx in the VA
Medical SAS data set or by VA Surgical Quality and Improve-
ment Program nurse-abstracted MI during the 30 days after the
index surgery. Patients were stratified by nadir postoperative
hematocrit defined as the lowest-occurring hematocrit in the
postoperative period or the lowest hematocrit preceding the
initial blood transfusion. Hematocrit values were obtained
through the Corporate Data Warehouse and supplemented with
nurse-abstracted VA Surgical Quality and Improvement Pro-
gram hematocrit values. The method for calculating revised
cardiac risk index (CRI) has been previously defined.20 High-
risk surgery was excluded as a component of CRI to prevent
procedure bias of CRI stratification. Intraoperative blood loss
was calculated based on preoperative hematocrit, postopera-
tive hematocrit, and number of intraoperative transfusions, as
described elsewhere.21 Race/ethnicity was unavailable for 200
patients (2.7%) and was coded as missing in these cases.

Statistical Analysis
Bivariate frequency comparisons were made using χ2 tests.
Change in average pretransfusion nadir hematocrit over time
and the risk for mortality by nadir hematocrit were analyzed
using linear regression. Logistic regression was used to
adjust for confounding in patients receiving and not receiv-
ing postoperative blood transfusion. We initially included
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clinically relevant covariates including age, race/ethnicity,
history of smoking, recent MI, history of coronary stent, CRI,
procedure type, relative value unit, high-risk surgery, calcu-
lated intraoperative blood loss, units of intraoperative blood
transfused, emergent surgery status, operative time, preop-
erative hematocrit, and fiscal year of surgery. Because we
were interested in whether the association between transfu-
sion and mortality varied by the nadir hematocrit category
and by the occurrence of postoperative MI, we included
interactions between transfusion and nadir hematocrit cat-
egory, as well as between transfusion and postoperative MI.
Model selection was performed with backward-stepwise
selection using P ≤ .10 for inclusion. Because pretransfusion
nadir hematocrit significantly varied by fiscal year, fiscal
year was forced into the model. Model selection excluded
relative value unit, high-risk surgery, and operative time as
covariates. Estimates from the parsimonious model are
reported. We further tested the full nonparsimonious model
in our analysis and found similar results.

As an additional analysis, we performed propensity
score matching for the likelihood of receiving a postopera-
tive blood transfusion. The propensity score model included
23 variables (eTable 1 in the Supplement). Patients were
matched 1:1 on propensity score using nearest-neighbor
methods with caliper of 0.2 SDs. Because we were inter-
ested in the association of transfusions with outcomes
across specific strata, the overall matching algorithm
included exact matching by nadir hematocrit categories and
for CRI. Nadir hematocrit categories included 20% to less
than 24%, 24% to less than 27%, and 27% to 30%. To exam-
ine differences between patients who had postoperative MI,
we produced new propensity score models for each stratum
and included exact matching by nadir hematocrit category.
Covariates were considered balanced if standardized mean
differences were less than 0.2. Odds ratios in propensity
score–matched groups were calculated using generalized
estimating equations to adjust for clustering in matched
pairs.22 Fifteen patients had missing preoperative hemato-
crit values and were excluded in the regression and propen-
sity score analysis.

All tests were 2-tailed with α = .05. Statistical analysis was
completed using SAS software (SAS Institute Inc). R package
ggplot2 was used to produce smooth plots with LOESS.23 Pro-
pensity score matching was performed using R package
Matchit.24

Results
Of 28 173 patients with preexisting CAD undergoing noncar-
diac surgery during the study, 7361 (26.1%) met inclusion cri-
teria (eFigure 1 in the Supplement). At least 1 postoperative
blood transfusion was given in 2027 patients (27.5%). Thirty-
day mortality occurred in 267 (3.6%), and 30-day MI oc-
curred in 271 (3.7%). The characteristics of patients with and
without postoperative blood transfusion are shown in Table 1.
Coronary stents were present in 35.7% of patients, and stented
patients had similar rates of postoperative blood transfusion

Table 1. Characteristics of Patients With and Without
Postoperative Blood Transfusion

Characteristic

No. (%)

P Value
No Transfusion
(n = 5334)

Transfusion
(n = 2027)

Demographics

Age, y

<60 1106 (74.4) 360 (24.6)
<.01

≥60 4228 (71.7) 1667 (28.3)

Race/ethnicity

White 4408 (72.4) 1681 (27.6)

.79Black 731 (72.7) 274 (27.3)

Other 49 (69.0) 22 (31.0)

Sex

Male 5202 (72.5) 1971 (27.5)
.48

Female 132 (70.2) 56 (29.8)

Smoke

Yes 1818 (72.6) 685 (27.4)
.81

No 3516 (72.4) 1342 (27.6)

Anemia

Preoperative hematocrit, %

<24 22 (44.9) 27 (55.1)

<.01
24-<30 574 (65.3) 305 (34.7)

30-36 1778 (72.4) 676 (27.5)

>36 2949 (74.4) 1016 (25.6)

Nadir postoperative
hematocrit, %

20-<24 712 (50.9) 686 (49.1)

<.0124-<27 1795 (67.1) 881 (32.9)

27-30 2827 (86.0) 460 (14.0)

Comorbidities

Cardiac stent

None 3466 (73.2) 1270 (26.8)

.31
BMS 1055 (71.1) 429 (28.9)

DES 793 (71.2) 321 (28.8)

Both 20 (74.1) 7 (25.9)

Cardiac risk index

1 2960 (73.5) 1067 (26.5)

.062 1691 (71.6) 670 (28.4)

≥3 683 (70.2) 290 (29.8)

MI within 6 mo

Yes 688 (72.0) 268 (28.0)
.71

No 4646 (72.5) 1759 (27.5)

CVA within 1 y

Yes 238 (73.5) 86 (26.5)
.68

No 5096 (72.4) 1941 (27.6)

CHF within 2 y

Yes 1404 (69.6) 1414 (30.4)
<.01

No 3930 (73.5) 1414 (26.5)

Diabetes mellitus with insulin

Yes 1102 (72.8) 412 (27.2)
.75

No 4232 (72.4) 1615 (27.6)

Creatinine >2 mg/dL

Yes 473 (69.0) 212 (31.0)
.04

No 4861 (72.8) 1815 (27.2)

(continued)
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compared with patients without coronary stents (28.8% vs
26.8%; P = .06).

We examined the secular trend of nadir hematocrit val-
ues preceding transfusion over our study period. Mean nadir
hematocrit prior to transfusion significantly decreased from
25.6% in 2000 to 24.4% in 2012 (P < .01) (Figure 1). A plot of
unadjusted 30-day mortality by receipt of transfusion is dis-

played in Figure 2. Patients who did not receive a transfu-
sion showed a linear increase in mortality with decreasing
postoperative hematocrit (P < .01). Receiving a blood trans-
fusion at higher hematocrit values was associated with
increased mortality.

After adjustment for patient and procedure factors, dif-
ferent trends in mortality were observed in patients with and
without transfusion across nadir hematocrit categories
(Figure 3). The final model obtained a c statistic of 0.831. In
general, transfusion with nadir hematocrit of 20% to 24%
was associated with lower mortality compared with no
transfusion, and as nadir hematocrit increased, transfusion
was associated with increased rates of mortality. Among
patients with a postoperative MI, transfusion was associated
with significantly lower mortality, with nadir hematocrit of
20% to 24% (odds ratio [OR], 0.28; 95% CI, 0.13-0.64), but
not with hematocrit of 24% to 27% (OR, 0.52; 95% CI, 0.24-
1.09) or hematocrit of 27% to 30% (OR, 1.15; 95% CI, 0.51-
2.61). In patients who did not have a postoperative MI, trans-
fusion was not associated with mortality at a nadir
hematocrit of 20% to 24% (OR, 0.80; 95% CI, 0.49-1.29) or
24% to 27% (OR, 1.44; 95% CI, 0.94-2.23) but significantly
increased mortality with hematocrit of 27% to 30% (OR,

Figure 2. 30-Day Mortality Rate by Nadir Postoperative Hematocrit
in Patients With and Without Postoperative Blood Transfusion
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Table 1. Characteristics of Patients With and Without
Postoperative Blood Transfusion (continued)

Characteristic

No. (%)

P Value
No Transfusion
(n = 5334)

Transfusion
(n = 2027)

Liver disease

Yes 333 (70.8) 137 (29.1)
.42

No 5001 (72.6) 1890 (27.4)

Cancer related

Yes 954 (73.8) 338 (26.2)
.22

No 4380 (72.2) 1689 (27.8)

Operative Characteristics

Operative time, h

<2 1856 (73.3) 676 (26.7)

<.012-4 2362 (73.9) 835 (26.1)

>4 1116 (68.4) 516 (31.6)

Work RVU

<10 442 (73.5) 159 (26.5)

<.0110-20 1921 (75.6) 619 (24.4)

>20 2971 (70.4) 1249 (29.6)

Operation type

Skin/eye/ear 76 (80.8) 18 (19.1)

<.01

Nervous 130 (82.8) 27 (17.2)

Genital/urinary 401 (71.5) 160 (28.5)

Musculoskeletal 1371 (67.1) 672 (32.9)

Digestive 1077 (74.9) 360 (25.0)

Vascular 1938 (73.9) 684 (26.1)

Respiratory 282 (77.0) 84 (22.9)

Other 59 (72.8) 22 (27.2)

Classification

Emergent 458 (68.4) 212 (31.6)
.01

Nonemergent 4876 (72.9) 1815 (27.1)

High risk

Yes 1668 (72.2) 643 (27.8)
.70

No 3666 (72.6) 1384 (27.4)

Blood loss, mL

<250 2491 (77.1) 742 (22.9)

<.01
250-<500 2120 (73.3) 772 (26.7)

500-750 457 (64.0) 257 (36.0)

>750 266 (51.0) 256 (49.0)

Intraoperative transfusion,
units

≥2 429 (55.4) 345 (44.6)
<.01

<2 4905 (74.5) 1682 (25.5)

Abbreviations: BMS, bare metal stent; CHF, congestive heart failure;
CVA, cerebral vascular accident; DES, drug-eluting stent; MI, myocardial
infarction; RVU, relative value unit.

SI conversion factor: To convert creatinine to micromoles per liter, multiply
by 88.4.

Figure 1. Mean Hematocrit Preceding Transfusion Over Time
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3.21; 95% CI, 1.85-5.60). Cardiac risk index and the presence
of a coronary stent did not have a significant effect on the
relationship between blood transfusion and mortality (data
not shown).

As a sensitivity analysis, propensity score matching for like-
lihood of postoperative blood transfusion was performed for
the overall cohort and separately for patients with and with-
out postoperative MI. Patients who received a postoperative
transfusion were successfully matched to a patient without
transfusion in 97.7% from the overall cohort, 70.4% from those
with MI, and 98.7% from those without MI. Propensity score
matching achieved improved balance of covariates (eTable 1,
eTable 2, and eTable 3; eFigure 2, eFigure 3, and eFigure 4 in
the Supplement). Mortality outcomes for each propensity
score–matched group were similar to the findings from mul-
tivariate analysis: the mortality rate was significantly lower in
patients with MI who received transfusion with nadir hemat-
ocrit of 20% to 24% (OR, 0.13; 95% CI, 0.02-0.72) but not with
transfusions with nadir hematocrit of 24% to 27% (Table 2).

Discussion

In this study, we evaluated the association between postop-
erative blood transfusion and 30-day mortality in patients with
CAD and MI following noncardiac surgery. One-quarter of pa-
tients with CAD had a postoperative hematocrit between 20%
and 30%. In patients with no postoperative blood transfu-
sion, lower nadir hematocrit values were associated with higher
mortality. Overall, transfusions with nadir hematocrit of 27%
to 30% were associated with higher mortality. Among post-
operative patients with MI, transfusion was associated with
lower mortality, with nadir hematocrit of 20% to 24%. These
findings support a restrictive transfusion strategy in patients
with stable CAD following noncardiac surgery; however, they
suggest a potential role for higher hematocrit transfusion
thresholds in patients with postoperative MI.

Several retrospective studies have supported the associa-
tion of perioperative anemia and increased mortality.1-5

Table 2. 30-Day Mortality Rate in Propensity Matched Pairs From the Overall Cohort,
Patients With Postoperative MI, and Patients Without Postoperative MI

Hematocrit, %

Mortality Rates, No./Total No. (%)

Odds Ratio (95% CI)aTransfusion No Transfusion
Overall

20-<24 32/660 (4.8) 46/660 (7.0) 0.68 (0.43-1.08)

24-<27 43/862 (5.0) 38/862 (4.4) 1.14 (0.73-1.78)

27-30 25/454 (5.5) 5/454 (1.1) 5.23 (1.97-13.9)

MI

20-<24 2/19 (10.5) 9/19 (47.4) 0.13 (0.02-0.72)

24-<27 7/47 (14.9) 12/47 (25.5) 0.51 (0.20-1.32)

27-30 5/22 (22.7) 3/22 (13.6) 1.86 (0.42-8.30)

No MI

20-<24 29/633 (4.6) 39/633 (6.2) 0.73 (0.44-1.21)

24-<27 34/815 (4.2) 26/815 (3.2) 1.32 (0.78-2.24)

27-30 20/427 (4.7) 11/427 (2.6) 1.86 (0.89-3.88)

Abbreviation: MI, myocardial
infarction.
a Odds ratio of mortality with

transfusion compared with no
transfusion.

Figure 3. Multivariate Analysis of 30-Day Mortality Rates in Patients With and Without Transfusion
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30-d Mortality, No./Total No. (%)

TransfusionValue, % No Transfusion
Adjusted Odds Ratio
(95% CI)

Overall
35/686 (5.1)Hct 20-<24 52/712 (7.3) 0.70 (0.43-1.12)
43/881 (4.9)Hct 24-<27 67/1795 (3.7) 1.21 (0.79-1.83)
25/460 (5.4)Hct 27-30 45/2827 (1.6) 2.68 (1.55-4.64)

MI
6/39 (15.4)Hct 20-<24 9/21 (42.9) 0.28 (0.13-0.64)
9/57 (15.8)Hct 24-<27 16/62 (25.8) 0.52 (0.24-1.09)
5/29 (17.2)Hct 27-30 5/63 (7.9) 1.15 (0.51-2.61)

No MI
29/647 (4.5)Hct 20-<24 43/691 (6.2) 0.80 (0.49-1.29)
34/824 (4.1)Hct 24-<27 51/1733 (2.9) 1.44 (0.93-2.23)
20/431 (4.6)Hct 27-30 40/2764 (1.5) 3.21 (1.85-5.60)

Results are presented from the
overall cohort and stratified by
occurrence of myocardial infarction
(MI) in the postoperative period.
HCT indicates hematocrit.
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However, the results from surgical trials have generally shown
no overall differences with liberal vs restrictive transfusion
strategies. Among 2016 patients undergoing hip surgery with
a history of or risk factors for cardiovascular disease, similar
outcomes for 30-day and 3-year mortality rates were ob-
served using a hemoglobin transfusion trigger of 8 or
10g/dL.11,25 In 2003 patients undergoing cardiac surgery who
were randomized to a hemoglobin transfusion trigger of 7.5 vs
9 g/dL, no differences in ischemic events or serious infection
were seen.12 Analysis of secondary end points from this study
suggested higher rates of 90-day mortality with the restric-
tive strategy; however, this could be attributed to spurious
findings.26 A smaller trial of 200 patients undergoing intraab-
dominal surgical oncology procedures did show higher rates
of a composite 30-day mortality or severe complication when
a lower transfusion trigger of 7 vs 9 g/dL was used.27 Our find-
ings support no benefit of postoperative blood transfusion in
patients with stable CAD with nadir hematocrit of 27% to 30%.

To our knowledge, these results are the first to compare
outcomes of blood transfusion in patients following surgery
stratified by whether they had a postoperative MI. Retrospec-
tive studies have shown mixed evidence regarding the role of
blood transfusion in patients with a diagnosis of acute coro-
nary syndrome, and current guidelines are uncertain regard-
ing appropriate transfusion strategies for these patients.13-15,28

Initial findings from a cohort of elderly patients with MI showed
benefits with transfusion when the presenting hematocrit was
less than 30%.29 Follow-up studies have shown conflicting find-
ings when analyzing the overall effect of blood transfusion in
patients with acute coronary syndrome16,17,30,31 or selective
benefits when the hemoglobin level was less than 8 g/dL.32 Two
small pilot randomized trials of restrictive vs liberal transfu-
sion strategies in patients with MI have shown opposite ef-
fects on composite adverse outcomes.33,34 Our findings sug-
gest that patients with MI in the postoperative setting may
benefit from slightly higher transfusion thresholds.

Physician decision to administer blood transfusion is based
on a multitude of clinical factors, and retrospective compari-
son of outcomes in patients with and without transfusion is
subjected to unmeasured confounding.28 However, when stud-
ies have created more appropriate comparison groups through
stratifying patients by nadir hematocrit, an association be-
tween blood transfusion at low hematocrit levels and im-
proved outcome has been shown.17,21 The increased risk for
blood transfusion at higher hematocrit levels may result as a

risk-benefit trade-off.35 Several mechanisms to explain the ad-
verse effects of blood transfusions have been proposed in-
cluding storage-related red blood cell changes, immunologic
alterations, and potential prothrombotic effects.36 These re-
sults have important implications for policies that seek to stan-
dardize blood transfusion practices and stress the impor-
tance of stratification by clinical scenario.

This study had several limitations. The generalizability of
this study may be limited because it consisted of a VA popu-
lation of mostly male patients. The cohort was a sample of pa-
tients with CAD undergoing surgery and may be weighted for
having higher coronary disease burden. In addition, the sample
size of patients with postoperative MI was limited. We could
not account for the indication of the blood transfusion includ-
ing whether the patient was symptomatic, and hematocrit
transfusion thresholds may not readily translate to hemoglo-
bin thresholds. We were limited in our ability to determine the
temporal relationship between blood transfusion and MI. Pre-
vious studies have shown that most MI cases occur within 48
hours of surgery.37 Because we did not limit to blood transfu-
sions prior to the occurrence of MI, we were unable to deter-
mine whether postoperative blood transfusion is a risk factor
for the development of MI. However, data from surgical trials
have not suggested significant differences in MI rates based
on transfusion strategy.11,12,27 While we excluded patients
with evidence of significant bleeding events, we could not ac-
count for the exact number of blood units administered in the
postoperative period. The rate of MI may be underestimated
by the occurrence of undocumented sudden fatal MI as a
cause of death. Further, it is possible that patients with low
hematocrit levels died before having a chance to receive a
transfusion.

Conclusions
In patients with MI following noncardiac surgery, postopera-
tive blood transfusion was associated with lower mortality
when the hematocrit was 20% to 24%. In contrast, for pa-
tients with stable CAD, blood transfusion was associated with
higher mortality, with nadir hematocrit of 27% to 30%. These
findings support the benefits with restrictive transfusion strat-
egies in patients with known CAD. In addition, intervention
studies are needed to determine whether a higher hematocrit
threshold in patients with postoperative MI is beneficial.
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