
More on Transfusion and Adverse Outcome

It’s Time to Change

P REOPERATIVE anemia and perioperative allogeneic
erythrocyte (RBC) transfusion have both been shown

to be independently associated with adverse outcome, such as
increased mortality, postoperative infections, lung and kid-
ney injury, myocardial infarction, stroke, and increased
length of hospital stay.1–6 The relative contribution of each
of these conditions, and their interactions, is difficult to spec-
ify. The study by Glance et al. in this issue of ANESTHESIOL-
OGY is important, because the authors studied more than
10,000 patients with preoperative anemia who underwent
elective noncardiac surgery and received up to 2 units of
RBCs intraoperatively. The study used records from the
American College of Surgeons National Surgical Quality Im-
provement Program (ACS NSQIP) database.7

In an attempt to reduce confounders, the investigators
included only patients within a preoperative hemoglobin
range of 6–10 g/dl. In this hemoglobin range, according to
American Society of Anesthesiologists guidelines, RBC
transfusions may be administered on a clinical basis.8 Thus,
these RBC transfusions had likely occurred after limited blood
loss. Observed outcomes thus may be attributed more clearly to
RBC transfusion than if patients had started with normal pre-
operative hemoglobin and, as a consequence, had to have lost
large amounts of blood during ill-controlled surgery before be-
ing transfused. In the latter case, it would be difficult to say
whether the adverse outcomes were due to hemodynamic insta-
bility and other effects of acute blood loss or due to the RBC
transfusion itself. Since in the study by Glance et al.7 all patients
were anemic preoperatively and may not have experienced mas-
sive blood loss before the index transfusion, the observed out-
comes may be attributed quite clearly to the RBC transfusion
administered. Also, the negative impact on outcome was sub-
stantial: Transfusion of only 1 or 2 units of RBCs resulted in
more septic (odds ratio [OR]: 1.43), pulmonary (OR: 1.79),
thromboembolic (OR: 1.77), and wound (OR: 1.87) compli-
cations and increased mortality (OR: 1.29).

The key strengths of this study lie in the number of the
patients and the detailed data collection; the shortcomings
are shared with many other transfusion cohort studies. De-
spite various efforts, it is always difficult to call transfusion as
the cause of an adverse outcome, as opposed to some other
associated patient comorbidity. A brief look at table 1 of the

Glance et al. article indicates that the transfused cohort was
generally in worse shape at baseline, compared with the not-
transfused group (lower hematocrit, older age, more depen-
dent, more comorbidities, etc.). Statistical methods are used
to remedy this commonly seen disparity. Multivariate anal-
ysis can be used to adjust for confounders (the method used
in the current study), or transfused patients can be matched
against nontransfused patients (with varying degrees of com-
plexity). Although these approaches often do marvels, they
are not “cures,” because they are ultimately limited by the
available variables and their data. Do we have all the potential
confounders captured in our dataset? How certain are we of
the primary reasons behind giving transfusion to every single
case? What was the tipping point that made the physician
decide to give blood to this patient, but not the other patient?
These questions are often impossible to answer accurately in
cohort studies, and they undermine the validity of the results.

Although the multivariate adjustment used in this study is
a valid method, more data on the models would have been
helpful (e.g., strength of association as indicated by pseudo-
R-squared or the reasoning behind creating the specific he-
matocrit categories). In addition, use of a matching approach
may have allowed for more transparent interpretation of the
results (at expense of reduced sample size). Given the large
sample size, it would have been interesting to see whether the
transfused and not-transfused patients could have been effec-
tively matched to each other based on the risk factors for
receiving transfusions (and, possibly, known risk factors of
each outcome), thus allowing a more direct comparison.

In addition, large database analyses do have limitations of
their own. Problems with miscoding of procedures and diag-
noses are well recognized.9 This study by Glance et al., how-
ever, relies on the NSQIP database, which is more accurate
than other state or federal administrative datasets. Data are
collected by trained surgical chart reviewers, and participat-
ing hospitals undergo interrater reliability audits.10! Still, for
any particular study, a generalized database such as NSQIP
will not provide all the information that one might wish for.

In the case of the present study, we do not know the extent
of pre- or postoperative transfusion in the study patients;
because of NSQIP data definitions, patients could have re-
ceived up to 4 units preoperatively and 4 units postopera-
tively. Transfusion before or after surgery, but not during,
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might decrease the detected effect of intraoperative transfu-
sion; alternatively, those patients requiring pre- or postoper-
ative transfusion might be more likely to receive blood intra-
operatively. NSQIP does not record intraoperative nadir
hematocrit or immediate postoperative hematocrit. Thus, we
do not know if lower intraoperative hematocrit was associ-
ated with worse outcome. Because NSQIP data do not in-
clude a hospital identifier, the final results may have been
confounded by hospital-based differences in practice, includ-
ing differences in local transfusion triggers.10

Results of the present study are in line with previous stud-
ies in general,3 cardiac,1 orthopedic,4 and trauma surgery.5,6

Also, in a recent cohort data analysis in 239,286 elderly Vet-
erans Administration patients with and without preoperative
anemia RBC transfusions resulted in increased 30-day mor-
tality (adjusted OR: 1.37 [1.27–1.48]).11 Only in a 1-min
subgroup of patients with a preoperative hematocrit of less
than or equal to 24% (1.9% of the study population) did
RBC transfusion result in a reduced mortality, whereas in
patients with a preoperative hematocrit of greater than 30%
(more than 80% of the study population), RBC transfusions
actually increased mortality significantly (ORs: 1.37–1.59).
Interestingly, in patients who eventually died, late postoper-
ative complications, such as failure to wean from the venti-
lator and unplanned intubation indicative of lung injury,
renal failure, and infectious complications, were very similar
to the ones found in the article by Glance et al.,7 and they
were more frequent than in nontransfused patients.11

Another aspect of the study by Glance et al.7 deserves
mentioning, namely the fact that nonelective cases were ex-
cluded. Therefore, it should have been possible to treat pre-
existing anemia before surgery. This is important, because
preoperative anemia is frequent,2,11–13 easy to detect,
and—in many situations—treatable at relatively low costs.14

At least, in orthopedic surgery, there is strong evidence that
preoperative treatment of anemia results not only in reduced
RBC transfusion, but also in improved outcome.15

Where do we go from here? The call for prospective,
randomized studies on the benefit or detriment of allogeneic
RBC transfusions is the usual conclusion after studies of the
likes of Glance et al. are published. This conclusion is cer-
tainly politically correct; however, if Glance et al. and the
slew of others are correct—which is a valid possibility—can we
take the responsibility to continue today’s widespread transfu-
sion practice, an approach that is putting patients at risk?

Contrarians to the above still overly rely on banked blood
products, despite mounting evidence that patient blood
management is achievable, avoids exposure to allogeneic
blood products, improves patient outcome, and saves re-
sources.15,16 The ease of ignoring preoperative anemia as well
as the simplicity of ordering and transfusing RBCs and thereby
completely ignoring the burgeoning evidence of adverse trans-
fusion outcome are not in the best interest of patients. Main-
taining the clinical status quo under such circumstances would

not be accepted in any other field of medicine in the context of
current safety and quality standards.

Working on studies regarding benefit or detriment of
allogeneic RBC transfusions is important, but more so is
acting already today according to patient blood management
principles; it is time for a change toward better patient care.
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The Boston Anesthesia System

To design the Boston Anesthesia System (BAS, above), biomedical engineer Jeffrey Cooper, Ph.D.,
orchestrated collaborations between Harvard’s Massachusetts General Hospital (MGH) and the Massa-
chusetts Institute of Technology (MIT). MIT engineers Edwin Trautman and Jeffrey Moore composed
computer code for the 8-bit Intel 8080, the “chip” that computer-powered the BAS. Modified from a
Volkswagen, a solenoid-operated automatic fuel injector metered liquid volatile inhalant into the N2O–O2
mixture resulting from an upstream pair of 8-element digital flow controllers. Magnetically keyed, dispos-
able, prefilled agent-specific containers (labeled “Halothane” and “Enflurane,” above center) were engi-
neered to prevent user error. Respecting the BAS’ mission of “supporting rather than preoccupying” the
anesthesiologist, MIT/Harvard solid-state physicist Ronald Newbower and MGH anesthesiologist Reyn-
olds Maier designed an array of safety monitors. Donated to the Wood Library-Museum in 2006, the BAS
was hailed by Harvard professor Richard Kitz, M.D., as “a prototype of the first fully electronic, integrated,
microprocessor-controlled anesthesia workstation.” (Copyright © the American Society of Anesthesiol-
ogists, Inc. This image also appears in the Anesthesiology Reflections online collection available at
www.anesthesiology.org.)
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Association between Intraoperative Blood Transfusion
and Mortality and Morbidity in Patients Undergoing
Noncardiac Surgery

Laurent G. Glance, M.D.,* Andrew W. Dick, Ph.D.,† Dana B. Mukamel, Ph.D.,‡
Fergal J. Fleming, M.D.,§ Raymond A. Zollo, M.D.,* Richard Wissler, M.D.,* Rabih Salloum, M.D.,!
U. Wayne Meredith, M.D.,# Turner M. Osler, M.D.**

ABSTRACT

Background: The impact of intraoperative erythrocyte
transfusion on outcomes of anemic patients undergoing non-
cardiac surgery has not been well characterized. The objective
of this study was to examine the association between blood
transfusion and mortality and morbidity in patients with
severe anemia (hematocrit less than 30%) who are exposed to
one or two units of erythrocytes intraoperatively.
Methods: This was a retrospective analysis of the association of
blood transfusion and 30-day mortality and 30-day morbidity
in 10,100 patients undergoing general, vascular, or orthopedic
surgery. We estimated separate multivariate logistic regression
models for 30-day mortality and for 30-day complications.
Results: Intraoperative blood transfusion was associated
with an increased risk of death (odds ratio [OR], 1.29; 95%
CI, 1.03–1.62). Patients receiving an intraoperative transfu-
sion were more likely to have pulmonary, septic, wound, or
thromboembolic complications, compared with patients not
receiving an intraoperative transfusion. Compared with pa-
tients who were not transfused, patients receiving one or two

units of erythrocytes were more likely to have pulmonary
complications (OR, 1.76; 95% CI, 1.48–2.09), sepsis (OR,
1.43; 95% CI, 1.21–1.68), thromboembolic complications
(OR, 1.77; 95% CI, 1.32–2.38), and wound complications
(OR, 1.87; 95% CI, 1.47–2.37).
Conclusions: Intraoperative blood transfusion is associated
with a higher risk of mortality and morbidity in surgical
patients with severe anemia. It is unknown whether this as-
sociation is due to the adverse effects of blood transfusion or
is, instead, the result of increased blood loss in the patients
receiving blood.

A NEMIA increases morbidity and mortality in patients
undergoing cardiac1,2 and noncardiac surgery,3–5 as

well as in patients presenting with an acute coronary syn-
drome.6 It has long been accepted that blood transfusion will
correct the physiologic abnormalities associated with anemia
and improve patient outcomes. Blood transfusion remains
the cornerstone of the treatment of anemia. Nearly 14 mil-
lion units of erythrocytes were transfused in 2001.7 Despite
the fact that anemia is associated with worse outcomes, there
is increasing evidence that blood transfusion does not im-
prove outcomes and may actually lead to worse outcomes.
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What We Know about This Topic

• Anemia increases perioperative morbidity and mortality, but
whether intraoperative erythrocyte transfusion reduces these
adverse events is not known

What New Information This Study Provides

• In more than 10,000 patients undergoing major surgery, intraop-
erative blood transfusion was associated with a higher risk of
mortality and morbidity in surgical patients with severe anemia

• Whether this is due to adverse effects of transfusion or a more
critical blood loss is not clear

! This article is featured in “This Month in Anesthesiology.”
Please see this issue of ANESTHESIOLOGY, page 9A.

" This article is accompanied by an Editorial View. Please
see: Spahn DR, Shander A, Hofmann A, Berman MF: More
on transfusion and adverse outcome: It’s time to change.
ANESTHESIOLOGY 2011; 114:234 – 6
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Most of this evidence is based on retrospective studies. The
Transfusion Requirement in Critical Care trial is the only
published large, randomized, controlled trial that has evalu-
ated the effect of blood transfusion.8 This study did not show
any benefit in critically ill patients randomly assigned to a
liberal transfusion strategy, compared with patients ran-
domly assigned to a restrictive transfusion strategy. Nearly all
retrospective studies performed on patients undergoing car-
diac surgery,9–12 patients in the intensive care unit,13–16 and
patients presenting with acute coronary syndromes17–20 have
demonstrated worse outcomes after blood transfusion. The
impact of erythrocyte transfusion on outcomes of anemic
patients undergoing noncardiac surgery has not been well
characterized.

The purpose of our study, based on the American College
of Surgery National Surgical Quality Program database, was
to determine whether noncardiac surgical patients with base-
line hematocrits less than 30% receiving no more than one or
two units of erythrocytes intraoperatively are less likely to
survive and more likely to experience one of seven major
complications, compared with patients receiving no intraop-
erative transfusion. We limited the study population to pa-
tients with severe anemia preoperatively who were exposed to
one or two units of erythrocytes intraoperatively to minimize
the confounding effect of surgical blood loss on patient out-
comes. We assumed that by including only patients with
severe baseline anemia who received at most two units of
blood intraoperatively, we would minimize the likelihood
that the indication for intraoperative transfusion was signif-
icant intraoperative blood loss, as opposed to severe baseline
anemia.

Materials and Methods

Data Source
This study was conducted using data from the American
College of Surgeons National Surgical Quality Improvement
Program (ACS NSQIP) database on patients undergoing
noncardiac surgery between 2005 and 2007. This program is
a prospective validated outcomes registry designed to provide
feedback to member hospitals on 30-day risk-adjusted surgi-
cal mortality and complications.21 The ACS NSQIP data-
base includes deidentified data on patient demographics,
functional status, admission source, preoperative risk factors,
intraoperative variables, and 30-day postoperative outcomes
for patients undergoing major surgery in more than 200
participating hospitals.21 A systematic sampling strategy is

used to avoid bias in case selection and to ensure a diverse
surgical case mix.22 Trained surgical clinical reviewers collect
patient data from the medical chart, operative log, anesthesia
record, interviews with the surgical attending, and telephone
interviews with the patient.21 Data quality is insured through
comprehensive training of the nurse reviewers and through
an interrater reliability audit of participating sites.22

Study Population and Outcomes
We first identified 19,200 patients who underwent general,
vascular, or orthopedic surgery with the use of current pro-
cedural terminology codes. We excluded patients who re-
ceived more than two units of erythrocytes intraoperatively
(2,110), patients who underwent emergency surgery
(4,301), patients who received more than four units of rela-
tive biological effectiveness preoperatively (205) or who re-
ceived more than four units of erythrocytes postoperatively
(149), patients missing information on intraoperative trans-
fusion (1), patients whose baseline hematocrit was drawn
more than 14 days before the operation (1,019), patients
who received no anesthesia, local anesthesia, or monitored
anesthesia care (346), patients who were missing demo-
graphic information (365), patients who were mechanically
ventilated preoperatively (432), and patients with procedures
with work relative value units equal to zero (172).†† The
study cohort consisted of 10,100 patients.

The outcomes of interest were 30-day mortality and ma-
jor 30-day complications: (1) cardiac (acute myocardial in-
farction or cardiac arrest); (2) pulmonary (pneumonia, ven-
tilatory support for greater than 48 h, or unplanned
intubation); (3) renal (progressive renal insufficiency or acute
renal failure)‡‡; (4) central nervous system (cerebrovascular
accident or coma lasting more than 24 h)§§; (5) sepsis (sepsis
or septic shock)!!; (6) wound complication (deep incisional
surgical site infection, organ or space surgical site infection,
or wound dehiscence)##; and (7) thromboembolic (deep ve-
nous thrombosis or pulmonary embolism).

Statistical Analysis
We examined the association between intraoperative blood
exposure (transfusion of one or two units of erythrocytes)
and 30-day mortality and morbidity in patients undergoing
major noncardiac surgery. Patients not receiving any eryth-
rocyte transfusion intraoperatively constituted the reference
population (no transfusion group).

Separate multivariate logistic regression models for 30-
day mortality and for each of the major complications were
estimated. Patients not receiving any erythrocyte transfusion
intraoperatively constituted the reference population (no
transfusion group). Backward stepwise selection was used to
select risk factors from the list of potential confounders: age,
sex, surgical complexity, admission source, functional status,
wound classification, and comorbidities (congestive heart
failure, myocardial infarction, previous cardiac surgery, pe-

†† The work relative value unit (workrvu) is used as a measure
of surgical complexity.

‡‡ Patients with acute or chronic renal failure preoperatively
were excluded from the analysis of renal complications.

§§ Patients with preoperative paraplegia, hemiplegia, quadriplegia,
cerebrovascular accident with neurologic deficit, and coma were ex-
cluded from the analysis of central nervous system complications.

!! Patients with preoperative sepsis or septic shock were excluded
from the analysis of septic complications.

## Superficial surgical site infections were not included.

Association between Transfusion and Outcomes
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Table 1. Patient Demographics

Patient Risk Factors
Not Transfused (%)

(n ! 7,940)
Transfused (%)

(n ! 2,160) P Value

Baseline hematocrit 27.8 27.1 " 0.001
Age, yr 60.2 64.6 " 0.001
Male 56.5 51.3 " 0.001
Admission source

Home 86.6 83.2 " 0.001
Hospital 7.34 9.81 " 0.001
Chronic care facility 5.21 5.65 0.425

DNR 2.27 2.69 0.257
Dependent functional status 25.6 31.4 " 0.001
Cardiac

CHF in 30 days prior 3.95 4.03 0.877
MI in 6 months prior 2.17 2.36 0.585
PCI 8.73 10.9 0.002
Previous cardiac surgery 11.9 15.3 " 0.001
Angina hx in 30 days prior 2.03 2.59 0.109
Hypertension 61.7 66.3 " 0.001

Peripheral vascular disease* 17.0 21.3 " 0.001
Rest pain/gangrene 13.3 17.0 " 0.001
Pulmonary

COPD 7.37 10.1 " 0.001
Pneumonia–current 1.86 1.90 0.917
Dyspnea at rest 3.29 3.84 0.207
Dyspnea on exertion 86.3 82.8 " 0.001
Tobacco use† 22.6 22.4 0.780

Renal
Mild renal disease 19.0 16.1 " 0.001
Moderate renal disease 42.6 35.3 " 0.001
Severe renal disease 21.9 18.9 " 0.001
Kidney failure 8.98 12.4 " 0.001
Acute renal failure‡ 2.22 2.27 0.885

Central nervous system
Impaired sensorium‡ 2.77 3.15 0.350
Coma 0.01 0.05 0.357
Hemiplegia 2.83 3.15 0.440
Paraplegia 1.56 1.57 0.967
Quadriplegia 0.25 0.32 0.566
CVA with neuro deficit 6.18 6.62 0.458
CVA without neuro deficit 4.16 4.03 0.790
TIA 4.56 5.32 0.138
Tumor involving CNS 0.11 0.09 0.796

Hepatobiliary
Ascites 5.04 7.73 " 0.001
Esophageal varices 0.47 0.51 0.796

Nutrition/endocrine/immune
Diabetes–oral hypoglycemic 12.4 13.6 0.142
Diabetes–insulin 18.8 20.6 0.069
Alcohol§ 2.64 3.15 0.206
Disseminated cancer 5.89 8.70 " 0.001
Steroid use! 8.85 9.26 0.558
Weight loss# 9.55 13.9 " 0.001
Chemotherapy! 3.26 4.17 0.042
Radiotherapy** 1.39 1.90 0.083

Systemic infection
SIRS 13.8 14.6 0.319
Sepsis 7.76 8.84 0.100
Septic shock 0.97 1.16 0.440

(continued)
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ripheral vascular disease, chronic obstructive pulmonary dis-
ease, pneumonia, dyspnea, renal disease, coma, hemiplegia,
paraplegia, quadriplegia, stroke, hepatobiliary disease, nutri-
tional status, and systemic infection) (see table 1 for list).
Patients were classified by weight categories according to
their body mass index: (1) underweight (less than 18.5 kg/
m2); (2) normal (18.5–24.9 kg/m2); (3) overweight (25–
29.9 kg/m2); (4) obese (30–39.9 kg/m2); (4) morbid obesity
(40–49.9 kg/m2); and (5) super obesity (greater than 50
kg/m2). We defined renal dysfunction as follows: (1) mild
renal dysfunction: glomerular filtration rate (gfr) 60–89 ml/
min per 1.73 m2; (2) moderate renal dysfunction: 30–59; (3)
severe renal dysfunction: 15–29; and (4) kidney failure less
than 15 or dialysis.23

The intraoperative transfusion status and baseline hemat-
ocrit were forced into each model. The ACS NSQIP data
identify patients who received greater than four units of
erythrocytes during either the pre- or postoperative period,
and these patients were excluded from the study sample. The
ACS NISQIP data do not include additional information on
the number of transfusions received during the pre- and post-
operative period. In our analyses, we have assumed that the
preoperative hematocrit reflects any blood transfusions given
during the preoperative period.*** We were, however, un-
able to adjust for any blood transfusion received during the
postoperative period.

Fractional polynomials were used to examine the linearity
of the association between baseline hematocrit and out-
come.24 Risk factors with large effect sizes and nonsignificant
P values were also considered for inclusion in each model.

We constructed separate models for mortality and cardiac
morbidity, with one-way interaction terms between baseline
hematocrit and cardiac disease to examine the independent
association between outcome and the use of blood transfu-
sion in patients with and without cardiac disease. These in-

teraction terms were found not to be significant and were not
included in the final models.

We adjusted for surgical complexity using work rela-
tive value units. We also included separate intercept terms
for the type of procedure by current procedural terminol-
ogy code group: (1) intergumentary; (2) musculoskeletal;
(3) vascular; (4) hemic and lymphatic system; (5) mouth,
palate, salivary glands, pharynx, adenoids, and esophagus;
(6) stomach, intestines, appendix and mesentery, rectum
and anus, liver, biliary tract, pancreas, abdomen, perito-
neum, and omentum (nonhernia); (7) endocrine system;
and (8) hernia repair.

Multiple imputation was used to impute missing values25 for
the preoperative serum creatinine (259 patient records had miss-
ing values for the preoperative serum creatinine) using the
STATA implementation of the MICE method of multiple im-
putation26 described by van Buuren et al.27 We specified the
imputation model using nonparsimonious linear regression.
Simpler approaches for handling missing data (such as deleting
observations with missing data or using the missing-indicator
method) may produce biased results.28–30 Rubin rule was used
to combine parameter estimates across the five imputed data sets
obtained by multiple imputation.26

We also conducted a sensitivity analysis in which we used
propensity score risk adjustment.31,32 Nonparsimonious lo-
gistic regression was used to estimate a propensity score. The
propensity score is the probability that patient will be trans-
fused. The dependent variable is whether a patient received
one or two units of erythrocytes versus no transfusion. We
included all potential confounders as explanatory variables in
the regression model: age, sex, surgical complexity, admis-
sion source, functional status, wound classification, and co-
morbidities (congestive heart failure, myocardial infarction,
previous cardiac surgery, peripheral vascular disease, chronic
obstructive pulmonary disease, pneumonia, dyspnea, renal
disease, coma, hemiplegia, paraplegia, quadriplegia, stroke,
hepatobiliary disease, nutritional status, and systemic infec-
tion) (see table 1 for list). The C statistic for the propensity
model was 0.74, indicating acceptable discrimination. All of

*** For the purpose of the analysis, we have assumed that for
patients who were transfused preoperatively, the preoperative he-
matocrit was drawn after all erythrocyte transfusions had been
administered.

Table 1. Continued

Patient Risk Factors
Not Transfused (%)

(n ! 7,940)
Transfused (%)

(n ! 2,160) P Value

Hematology
Bleeding disorder 15.0 20.6 " 0.001
Previous operation within 30 days 12.6 12.0 0.487
Wound infection 25.4 26.6 0.254

With the exception of age, all numbers are percentages. Statistical analyses were performed using linear regression or logistic
regression, as appropriate. Robust variance estimators were used.
* Requiring revascularization, angioplasty, or amputation. † Within 1 yr of surgery. ‡ Within 24 h before surgery. § # 2 drinks/day in 2
weeks before surgery. ! Within 30 days before surgery. # # 10% decrease in body weight in 6 months before surgery. ** Within 90 days
of surgery.
Angina hx ! history of angina; CHF ! congestive heart failure; CNS ! central nervous system; COPD ! chronic obstructive pulmonary
disease; CVA ! cerebrovascular accident; DNR ! do not resuscitate status; MI ! myocardial infarction; PCI ! percutaneous coronary
intervention; SIRS ! systemic inflammatory response state; TIA ! transient ischemic attack.
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the baseline models were reestimated after adding the pro-
pensity score as an explanatory variable to evaluate the im-
pact of blood transfusion on outcome.

Data management and statistical analyses were performed
using STATA SE/MP version 11 (STATA Corp., College
Station, TX). All statistical tests were two-tailed, and P values
less than 0.05 were considered significant. We used robust
variance estimators to account for the nonindependence of
observations within hospitals.33

Model discrimination was assessed using the C statistic,
and model calibration was assessed using the Hosmer-Leme-
show statistic.

Results
Demographics for patients in the no-transfusion group versus
patients in the transfusion group are shown in table 1. In
comparison with patients who did not receive an intraoper-
ative blood transfusion, patients who received one or two
units of erythrocytes intraoperatively were older, more likely
to be female, transferred from another hospital, or have de-
pendent functional status. Transfused patients were also
more likely to have a history of percutaneous coronary inter-
vention, previous heart surgery, kidney failure, or chronic
obstructive pulmonary disease.

Overall, 21.4% of the patients were transfused intraoper-
atively. The rate of blood transfusion varied as a function of
the baseline hematocrit (fig. 1): 34% of patients with a base-
line hematocrit between 15% and 23.9% received a transfu-
sion, compared with 18% of the patients with a baseline
hematocrit between 27% and 30%.

The risk-adjustment models are shown in table 2. Each of
the models exhibited acceptable discrimination. The C sta-
tistic for the 30-day mortality model was 0.81. The C statis-
tic for the 30-day morbidity models ranged between 0.71
and 0.77. All of the models exhibited acceptable calibration

based on the Hosmer–Lemeshow statistic (P # 0.05), with
the exception of the cardiac model (P # 0.039), which had a
marginally acceptable Hosmer–Lemeshow statistic.

Effect of Intraoperative Transfusion on 30-Day Mortality
and 30-Day Complications
The 30-day mortality rate for patients who were transfused
was 6.44 versus 4.26% for patients who were not transfused
(table 2). In the multivariate analyses, blood transfusion was
associated with an increased risk of death (odds ratio [OR],
1.29; 95% CI, 1.03–1.62). Patients receiving an intraopera-
tive transfusion were more likely to have four of the seven
major complications, compared with patients not receiving
an intraoperative transfusion. Compared with patients who
were not transfused, patients receiving one or two units of
erythrocytes were more likely to have pulmonary complica-
tions (OR, 1.76; 95% CI, 1.48–2.09), sepsis (OR, 1.43;
95% CI, 1.21–1.68), thromboembolic complications (OR,
1.77; 95% CI, 1.32–2.38), and wound complications (OR,
1.87; 95% CI, 1.47–2.37) (table 3). The interaction between
transfusion therapy and cardiac disease was not statistically
significant for either mortality and cardiac morbidity. In our
sensitivity analysis, in which a propensity score was included
in the multivariate models, we found qualitatively very sim-
ilar results (table 3). However, using the propensity-based
technique, blood transfusion was marginally associated with
higher mortality (OR 1.21; 95% CI 0.96, 1.52).

Discussion

In this study, we found that blood transfusion in the setting
of noncardiac surgery is associated with increased risk of
30-day mortality and pulmonary, septic, wound, and throm-
boembolic complications. The increased risk of mortality
and morbidity associated with blood transfusion was present
after adjusting for patient demographics, functional status,
comorbidities, and surgical complexity. Blood transfusion
did not appear to be protective in patients with cardiovascu-
lar disease.

The magnitude of the increase in the risk of mortality and
morbidity associated with intraoperative transfusion is im-
portant. In particular, patients who received one or two units
of erythrocytes had a 29% increased odds of death and a
40–90% increased odds of pulmonary, sepsis, wound, or
thromboembolic complications.

One of the most important limitations of this observa-
tional study was that we had information only on the baseline
hematocrit and not on the hematocrit immediately before
transfusion. Blood transfusion may be a marker for surgical
bleeding. It is possible that surgical bleeding, and not the
blood transfusion itself, may be responsible for worse out-
comes in the transfusion cohort.34 Information on the trans-
fusion trigger during noncardiac surgery is frequently not
available retrospectively, because the decision to transfuse is
often a decision dictated by clinical circumstances. In design-

Fig. 1. Proportion of patients receiving one or two units of
erythrocytes intraoperatively versus baseline hematocrit.
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Table 2. Risk Models for the Association between Intraoperative Blood Transfusion and 30-Day Mortality and
30-Day Morbidity

Patient Risk Factors Mortality

Morbidity

Cardiac Pulm Renal CNS Sepsis Wound Thromb

Transfusion 1.29* 1.40† 1.76‡ 1.32 0.84 1.43‡ 1.87‡ 1.77‡
Age 1.04‡ 1.03‡ 1.01‡ — — — — 1.01*
Male — — — — — 1.18* — —
Work RVU — — 1.02‡ 1.02* — 1.03‡ 1.04‡ 1.03‡
Admission source

Home Ref — Ref Ref Ref Ref — Ref
Chronic care facility — — — — — 1.28† — —
Hospital 1.27 — 1.29* 0.48† 2.69§ 1.35§ — 1.54*

DNR 2.26‡ — — — 1.87 — — —
Dependent functional status 1.90‡ — 1.64‡ — — 1.60‡ 1.21 —
Baseline hematocrit

15.0–23.9 1.27 1.06 0.89 1.10 1.27 0.89 1.14 0.77
24.0–26.9 1.34* 1.05 1.08 1.34 1.80† 1.04 1.11 1.08
27.0–30.0 Ref Ref Ref Ref Ref Ref Ref Ref

Weight
Underweight 1.82‡ — — — — — 1.60§ —
Overweight — — — — — — — —
Obese 0.72* — — 1.81‡ — — — —
Morbid obesity 1.62† 1.99* — 1.91† — — — —
Super obesity 2.59§ 1.45 1.87* — — — — —

ASA Class
I — — Ref Ref — Ref Ref —
II — — — — — 1.31 2.45 —
III — — 2.06‡ — — 2.16† 2.24 —
IV or V — — 3.46‡ 1.65§ — 3.42§ 3.03 —

Cardiac
CHF in 30 days before 1.84‡ 2.02§ 1.40* — — — 1.42 —
MI in 6 months before — 2.35§ — 1.93† 4.33§ — — —
Previous cardiac surgery 1.26† 1.56* — — 2.06* — — —
Angina history in 30 days before — — — 2.05* — 1.46† — 2.17*
Hypertension — 1.39 — — — — — —

Peripheral vascular disease — — — — — 1.23 1.74§ —
Pulmonary

COPD — — — — — 1.23† — —
Pneumonia–current 1.62* 2.21* — — — 1.36 — —
Dyspnea on exertion — — — — 2.44§ — — —
Dyspnea at rest 2.00‡ 2.17§ 1.89‡ 2.76‡ — — — —
Tobacco use — — 1.28* — — 1.21* 1.34* —

Renal
Mild renal dysfunction — — — 1.45 2.31* — — —
Moderate renal dysfunction 1.14 1.47 — 3.23‡ 1.98† — — —
Severe renal dysfunction 1.63§ 2.69‡ — 8.30‡ — — — —
Chronic renal failure 2.71‡ 3.61‡ 1.22!† NA — — — —
Acute renal failure — 1.64 NA — — — —

Central nervous system
Impaired sensorium 2.15‡ 1.63 1.55* 2.07* 2.39 1.70†
Quadriplegia — — — — NA 3.67§ — 3.12†
Tumor involving CNS — — — 4.96 — — 4.67 —

Hepatobiliary
Ascites 2.09‡ 1.79* 1.69‡ 2.09§ — 1.26† — —
Esophageal varices 1.87 — — — 2.94 2.18* — —

Nutrition/endocrine/immune
Diabetes–insulin — 1.60* — — — 1.18† — —
Disseminated cancer 3.39‡ — — — 1.95 1.43§ — 2.05‡
Steroid use 1.44* — 1.31* — — 1.34§ 1.48* 1.80§
Weight loss 1.41* — — — — — — —
Chemotherapy 1.61* — — — — — 1.54† —
Radiotherpay — — — — — — — 1.95†

(continued)
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ing this study, we assumed that limiting the transfusion
group to patients with severe baseline anemia who received
one or two units of blood intraoperatively would minimize
the likelihood that the indication for intraoperative transfu-
sion was significant intraoperative blood loss, as opposed to
severe baseline anemia. We also limited the study cohort to
patients undergoing nonemergent surgery, because we as-
sumed that patients undergoing emergency surgery would be
more likely to have significant intraoperative bleeding, com-
pared with patients undergoing nonemergent surgery. These
important assumptions cannot be tested empirically using
our data.

Our results confirm the findings of previous studies based
on patients undergoing cardiac surgery. In a single-center
study of 11,963 patients undergoing isolated coronary artery
bypass grafting, Koch and colleagues9 at the Cleveland Clinic
demonstrated that erythrocyte transfusion was associated

with increased risk of mortality and postoperative complica-
tions. This study also controlled for the baseline hematocrit,
but not for the hematocrit before transfusion. Murphy and
colleagues, using a United Kingdom population registry,
showed that patients undergoing cardiac surgery who re-
ceived erythrocyte transfusion were more likely to have
ischemic or infectious complications and were less likely to
survive.12 In a study from the Northern New England Car-
diovascular Study Group, cardiac surgical patients who re-
ceived one or two units of erythrocytes had a 16% higher
increased long-term risk of death.11 A recent study by Ber-
nard et al., also based on the ACS NSQIP database, found
that intraoperative transfusion is associated with increased
mortality and morbidity.48 However, this study was not lim-
ited to patients with severe baseline anemia. It is therefore
likely that most of the patients in this study who received
blood transfusion had significant intraoperative blood loss,

Table 2. Continued

Patient Risk Factors Mortality

Morbidity

Cardiac Pulm Renal CNS Sepsis Wound Thromb

Systemic infection
SIRS 1.57‡ — 1.65‡ 1.45† — 1.98‡ 1.40* 1.51*
Sepsis — — 1.34* — — NA 1.82§ 1.79§
Septic shock 2.36§ — 3.20‡ 2.03 — NA 1.45 —

Hematology
Bleeding disorder — — — — 2.04* — 1.35† —
Previous operation within 30 days — — — — — 1.27* 1.65§ 1.75§

Wound infection — 1.38† 1.25* 1.52* — 1.66‡ NA —
C statistic 0.81 0.77 0.74 0.76 0.74 0.72 0.71 0.73
Hosmer-Lemeshow statistic 7.48 16.2 11.3 4.23 2.56 12.5 8.33 9.60

The estimated odds ratios for the intercept terms for surgery CPT groups are not shown. — represents explanatory variables that were
not included in the final model(s).
* P value !0.05. † P value !0.100. ‡ P value !0.001. § P value !0.01. ! Severe renal dysfunction and chronic renal failure were
combined in the pulmonary morbidity model.
Angina hx ! history of angina; ASA ! American Society of Anesthesiologists; CHF ! congestive heart failure; CNS ! central nervous system;
COPD ! chronic obstructive pulmonary disease; CPT ! current procedural terminology; DNR ! do not resuscitate; MI ! myocardial
infarction; NA ! not applicable; Pulm ! pulmonary; RUV ! work relative value unit; SIRS ! systemic inflammatory response state; thromb !
thromboembolic.

Table 3. Impact of Intraoperative Transfusion on 30-Day Mortality and 30-Day Complications

Outcome

Transfusion
Group,

Outcome Rate
(%)

No Transfusion
Group,

Outcome Rate
(%)

Unadj OR Txf
vs. No Txf
(95% CI)

Adj OR Txf
vs. No Txf
(95% CI)

Adj OR Txf vs.
No Txf (PS Method)

(95% CI)

Mortality 6.44 4.26 1.55 (1.24, 1.90) 1.29 (1.03, 1.62) 1.21 (0.96, 1.52)
Cardiac complications 2.08 1.40 1.50 (1.06, 2.12) 1.40 (0.97, 2.03) 1.31 (0.88, 1.95)
Pulmonary complications 12.6 6.03 2.24 (1.92, 2.63) 1.76 (1.48, 2.09) 1.75 (1.47, 2.08)
Renal complications 2.69 1.85 1.46 (1.08, 1.99) 1.32 (0.93, 1.88) 1.29 (0.91, 1.84)
CNS complications 0.69 0.58 1.20 (0.67, 2.15) 0.84 (0.43, 1.64) 0.68 (0.34, 1.38)
Sepsis complications 16.4 9.81 1.81 (1.58, 2.07) 1.43 (1.21, 1.68) 1.46 (1.24, 1.72)
Wound complications 9.17 4.65 2.07 (1.73, 2.48) 1.87 (1.47, 2.37) 1.89 (1.49, 2.41)
Thromboembolic

complicatioins
4.07 1.89 2.20 (1.69, 2.88) 1.77 (1.32, 2.38) 1.81 (1.34, 2.45)

Adj ! adjusted; CI ! confidence interval; CNS ! central nervous system; OR ! odds ratio; PS method ! propensity score method;
Txf ! transfusion; Unadj ! unadjusted.
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making it difficult to separate out the adverse effects of trans-
fusion versus blood loss on postoperative outcomes.

Carson and colleagues35 conducted a retrospective analy-
sis of 8,787 patients who underwent surgical repair of hip
fractures. Blood transfusion during either the pre- or postop-
erative period was not associated with differences in mortal-
ity after adjusting for the nadir hematocrit. Most recently,
the National Heart, Lung, and Blood Institute funded a ran-
domized, controlled trial to examine whether higher blood
transfusion triggers improve mortality, cardiac outcomes,
functional outcomes, and morbidity in postoperative pa-
tients with cardiovascular disease who have undergone sur-
gical repair of hip fractures.36 Patients were randomly as-
signed to a transfusion threshold of 10 g/dl or to be
transfused if they became symptomatic and their hemoglo-
bin fell less than 8 g/dl. Results published in abstract form
reveal that the symptomatic transfusion strategy yielded sim-
ilar mortality and functional outcomes to the 10-g/dl trans-
fusion approach.37 Information on other outcomes from the
Functional Outcomes in Cardiovascular Patients Undergo-
ing Surgical Hip Fracture Repair (FOCUS) trial is not yet
available.

The only other large, randomized, controlled trial to ex-
amine the impact of blood transfusion38 (Transfusion Re-
quirement in Critical Care Trial) was performed using criti-
cally ill patients and found no survival benefit after blood
transfusion,8 even for the subset of patients with cardiovas-
cular disease.39 There was, however, a trend toward im-
proved survival in patients with severe ischemic heart dis-
ease.39 Patients were randomly assigned to a restrictive
transfusion strategy (patients were transfused if their hemo-
globin dropped to less than 7.0 g/dl) versus a liberal transfu-
sion strategy (patients were transfused if their hemoglobin
dropped to less than 10 g/dl). There was no significant dif-
ference in 30-day mortality across the two groups. However,
there was a trend toward lower survival in the liberal trans-
fusion group. Further, subgroup analysis revealed decreased
survival in the liberal transfusion group for patients younger
than 55 and for less critically ill patients (Acute Physiology
and Chronic Health Evaluation II score ! 20). The Trans-
fusion Requirement in Critical Care Trial has been criticized
for applying fixed treatment protocols to heterogeneous pa-
tient populations (with and without cardiovascular disease)
whose response to treatment would have been expected, a
priori, to differ.40 Two retrospective studies in critically ill
patients have also failed to demonstrate a survival advantage
with blood transfusion.13,15 Most,18–20 but not all,17 studies
in patients presenting with acute coronary syndromes show
that blood transfusion is associated with higher mortality.
Finally, a recent meta-analysis of 45 retrospective studies,
based on 272,596 patients, suggests that erythrocyte transfu-
sion is associated with increased morbidity and mortality.16

The findings from the Transfusion Requirement in Crit-
ical Care and FOCUS trials, as well as from most observa-
tional studies, suggest that blood transfusion may have a

narrow therapeutic window, even in critically ill patient pop-
ulations that would be expected to benefit most from blood
transfusion. Despite the fact that anemia has been consis-
tently shown to worsen patient outcomes, the majority of
studies do not demonstrate improved outcomes after blood
transfusion. The benefits of blood transfusion may be offset
by its adverse effects. The mechanism by which blood trans-
fusion worsens outcomes is unknown. Erythrocyte transfu-
sion results in transfusion-induced immunomodulation
(TRIM) because of the infusion of cytokines, lipids, and
other soluble bioactive substances, most likely because of
allogenic leukocytes.41,42 Immunomodulation may lead to
immune activation, resulting in transfusion-related lung in-
jury or immune suppression, increasing susceptibility to in-
fectious complications.41 Leukoreduction is associated with
decreased mortality, but is not associated with changes in the
incidence of serious nosocomial infections.43 Erythrocyte
storage leads to decreases in cellular deformability and in-
creased adhesion to the vascular endothelium,44 resulting in
impaired microvascular flow and decreased oxygen deliv-
ery.41,45 Recent work by Koch et al. shows that cardiac sur-
gical patients receiving erythrocytes that had been stored for
more than 2 weeks have a higher risk of in-hospital mortality
and postoperative complications.46 These clinical findings
suggest possible strategies for reducing the adverse effects
associated with erythrocyte transfusion.

Our study has major limitations. As described earlier, we
were unable to control for the exact transfusion trigger that
led to the transfusion. We also did not have information on
the number of units transfused during the postoperative pe-
riod. Patients could have received up to four units of eryth-
rocytes postoperatively; patients receiving more than four
units of erythrocytes postoperatively were identified in the
database and were excluded from the study cohort. This
could have led to two potential biases. First, if patients in the
no-transfusion group received blood postoperatively, then
our study would have been biased toward the null, leading us
to underestimate the effect of blood transfusion on out-
comes. This form of bias would have been important only if
we were not able to detect a significant difference between
the transfusion and the no-transfusion group. Second, pa-
tients in the transfusion group could have received up to four
units of blood postoperatively. In this case, our assumption
that significant bleeding was not a cause of the outcome
difference across the two groups is less likely to be valid.

Another potential limitation of this study was that we
were unable to control for hospital effects owing to the ab-
sence of hospital identifiers in our data. There may have been
variability in hospital quality and variability in hospital trans-
fusion strategies—transfusion triggers, use of leuko-reduced
blood, and blood storage—which may have potentially con-
founded the association between blood transfusion and out-
come. Finally, the possibility of omitted variable bias is al-
ways present in observational studies. An editorial by Carson
and Klein elegantly summarized the problem of uncontrolled
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confounding: “blood transfusion is more frequently admin-
istered to sick patients and sick patients more frequently
develop infections and die.”38 The corollary to this is that
surgical patients with significant intraoperative bleeding are
more likely to receive blood transfusions, and patients who
bleed are also more likely to have worse outcomes.

Conclusion
This multicenter observational study suggests that intraop-
erative blood transfusion is associated with a higher risk of
mortality and morbidity. It is unknown whether this associ-
ation is due to the adverse effects of blood transfusion or is,
instead, the result of increased blood loss in the patients
receiving blood. There is increasing evidence that blood
transfusion does not lead to improved outcomes, despite the
finding that anemia is associated with decreased survival. The
Transfusion Requirement in Critical Care and FOCUS trials
provide evidence supporting a restrictive transfusion strategy
in intensive care unit patients and in postoperative surgical
patients, respectively. Current guidelines recommend blood
transfusion when the hemoglobin concentration is less than
6 g/dl and the avoidance of blood administration when the
hemoglobin concentration is greater than 10 g/dl.47 These
recommendations do not address the need for intraoperative
transfusion in the large group of surgical patients where the
hemoglobin concentration is between 6 and 10 g/dl. Given
the potentially large difference in outcome attributable to
intraoperative blood transfusion in this patient population,
we believe that our findings should lead to consideration of a
randomized, controlled trial comparing a restrictive intraop-
erative transfusion strategy to a liberal one in patients under-
going noncardiac surgery.
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