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Objective: To examine outcomes in patients who re-
ceive small amounts of intraoperative blood transfusion.

Design: Longitudinal, uncontrolled observational study
evaluating results of intraoperative transfusion in pa-
tients entered into the American College of Surgeons Na-
tional Surgical Quality Improvement Program database.
We made propensity-matched comparisons between pa-
tients who received and did not receive intraoperative
transfusion to minimize confounding when estimating
the effect of intraoperative transfusion on postoperative
outcomes.

Setting: We queried the American College of Surgeons
National Surgical Quality Improvement Program data-
base for patients undergoing operations between Janu-
ary 1, 2005, and December 31, 2009.

Patients: A large sample of surgical patients from 173
hospitals throughout the United States.

Main Outcome Measures: Operative mortality and se-
rious perioperative morbidity (�1 of 20 complications).

Results: After exclusions, 941 496 operations were ana-
lyzed in patients from 173 hospitals. Most patients

(893 205 patients [94.9%]) did not receive intraopera-
tive transfusions. Patients who received intraoperative in-
fusion of 1 unit of packed red blood cells (15 186 pa-
tients [1.6%]) had higher unadjusted rates of mortality
and more serious morbidity. These rates further in-
creased with intraoperative transfusion of more than 1
unit of packed red blood cells in a dose-dependent man-
ner. After propensity matching to adjust for multiple pre-
operative risks, transfusion of a single unit of packed red
blood cells increased the multivariate risk of mortality,
wound problems, pulmonary complications, postopera-
tive renal dysfunction, systemic sepsis, composite mor-
bidity, and postoperative length of stay compared with
propensity-matched patients who did not receive intra-
operative transfusion.

Conclusions: There is a dose-dependent adverse effect
of intraoperative blood transfusion. It is likely that a small,
possibly discretionary amount of intraoperative transfu-
sion leads to increased mortality, morbidity, and re-
source use, suggesting that caution should be used with
intraoperative transfusions for mildly hypovolemic or ane-
mic patients.
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B LOOD TRANSFUSION DURING

operative procedures is of-
ten the consequence of in-
traoperative blood loss.
Whether intraoperative

blood loss warrants blood transfusion is
subjective in many cases because triggers

for transfusion vary widely among clini-
cians. Despite guidelines from profes-
sional organizations,1,2 there are wide varia-
tions in blood transfusion practices and no
simple transfusion algorithms to which cli-
nicians adhere.3-7 Reasons for lack of ad-
herence to blood transfusion practice
guidelines are multiple but stem at least

in part from lack of agreement with guide-
line recommendations on the part of cli-
nicians.8,9 Because many guideline recom-
mendations are based on low-quality
evidence,10,11 it may be that clinicians trans-
fuse blood in the operating room for valid
reasons dictated by experience and for rea-
sons that are unable to be captured in evi-
dence-based guidelines owing to a lack of
relevant published information.

It is difficult to pin down a cause-and-
effect relationship between excessive blood
transfusion and adverse surgical out-
comes, although several authors suggest
that such a relationship exists.12-14 As many
as 80% of the blood products given in the
operating room are administered to a mi-
nority of high-risk patients with identifi-
able high-risk characteristics.1,15,16 Ad-
verse surgical outcomes often follow
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transfusion in high-risk patients, especially those who re-
ceive excessive amounts of blood products.17-19 Con-
versely, the most common intraoperative transfusion oc-
currence is not excessive blood product transfusion but
rather transfusion of a single donor unit of packed red
blood cells (PRBCs).1,15,16 It is less certain that transfu-
sion of minimal amounts of intraoperative blood prod-
ucts is associated with adverse surgical outcomes, and
surprisingly little evidence exists to support or refute this
notion.

To better define the relationship between intraopera-
tive blood transfusion and adverse surgical outcomes, we
used a large surgical database to measure surgical out-
comes as a function of intraoperative blood transfusion.
We hypothesized that if blood transfusion does cause ad-
verse surgical outcomes, then this effect should be dose
dependent and transfusion of minimal amounts of blood
products should result in significantly worse operative
outcomes than in patients who do not receive intraop-
erative transfusion. Additionally, exploration of the con-
sequences of intraoperative transfusion of small amounts
of blood may guide surgeons in their practice behavior,
whether experience based or guideline based.

METHODS

PATIENT POPULATION

We used the American College of Surgeons National Surgical
Quality Improvement Project (ACS-NSQIP) database to evalu-
ate the effects of intraoperative blood transfusion on patient
outcomes. The study group consisted of patients who intraop-
eratively received only 1 unit of PRBCs. We compared this group
with both patients who did not receive intraoperative transfu-
sion and patients who received more than 1 unit of PRBCs. The
ACS-NSQIP database contains patient deidentified informa-
tion that is freely available to all database participants who sign
and comply with the ACS-NSQIP Data Use Agreement. The Data
Use Agreement implements the data protections of the Health
Insurance Portability and Accountability Act of 1996 and the
ACS-NSQIP Hospital Participation Agreement. After signing the
Data Use Agreement, we obtained and analyzed data from the
ACS-NSQIP participant use file containing surgical cases sub-
mitted by 173 hospitals throughout the United States from Janu-
ary 1, 2005, to December 31, 2009. This database excludes
trauma and pediatric patients. The University of Kentucky In-
stitutional Review Board determined that this study meets fed-
eral criteria to qualify as an exempt study. Patients with Cur-
rent Procedural Terminology codes listed as “procedure not
otherwise specified” did not enter into the study group be-
cause of great variation and uncertainty in the type of proce-
dure performed and because of the lack of associated work rela-
tive value units with the unspecified procedure.

ACS-NSQIP MEASURES
OF BLOOD TRANSFUSION

The ACS-NSQIP database variables measure the units of PRBCs
transfused in 3 settings: (1) preoperative transfusion of more
than 4 units of PRBCs within 48 hours before the operation;
(2) intraoperative PRBCs transfused in the operating suite; and
(3) postoperative transfusion of more than 4 units of PRBCs
within 72 hours of the operation. Our analysis defined com-
parison groups based on the number of units of PRBCs trans-

fused only in the operating room. Patients who received more
than 4 units of PRBCs within 48 hours before the operation
and those who received more than 4 units of PRBCs up to 72
hours after the operation were excluded. A small number of
patients in the ACS-NSQIP database who had cardiac proce-
dures using cardiopulmonary bypass were also excluded. These
patients usually had cardiopulmonary bypass used in an un-
usual emergency setting and met statistical criteria for outliers
with standardized residuals of outcome measures being much
greater than 2 SDs from mean outcome values.

OUTCOME MEASURES

Patient 30-day morbidity (�1 of 20 complications) and mor-
tality as well as more than 50 demographic and preoperative
clinical risk variables are included in the ACS-NSQIP data-
base. Dedicated nurse clinical reviewers at each hospital col-
lected data according to strict ACS-NSQIP definitions on a pro-
spective and systematic sample of patients having major operative
procedures. The excellent accuracy and reproducibility of the
data are well documented in previous articles.20-22

Thirty-day outcomes recorded in the ACS-NSQIP database
and used in our analysis include the following: (1) mortality
within 30 days of operation or within the same hospitaliza-
tion; (2) individual morbidities (�1 of 7 serious adverse events
uniformly defined by the ACS-NSQIP); and (3) composite mor-
bidity consisting of any combination of the 7 serious indi-
vidual morbidities. Serious organ system morbidities in-
cluded the following: (1) wound complications (deep organ
space surgical site infection, deep surgical wound infection, and
wound dehiscence); (2) pulmonary complications including
pneumonia, unplanned intubation, pulmonary embolism or deep
venous thrombosis, and mechanical ventilation for longer than
48 hours; (3) renal complications including acute kidney in-
jury or dialysis; (4) central nervous system complications in-
cluding new postoperative stroke or coma; (5) cardiac com-
plications including postoperative myocardial infarction or
cardiac arrest; (6) sepsis including postoperative septic shock
or bloodborne sepsis; and (7) unplanned return to the operat-
ing room within 30 days of the initial procedure. The analysis
included postoperative length of hospital stay from the day of
operation until death or discharge as 1 index of resource use.

STATISTICAL ANALYSIS

For unadjusted outcome comparisons, �2 test compared cat-
egorical variables between the transfused (1 unit of PRBCs) and
nontransfused groups. Similarly, t test was used to compare the
unadjusted means of continuous variables between patients who
received and did not receive intraoperative transfusion. In these
and all subsequent analyses, P� .05 denoted a statistically sig-
nificant association.

We used propensity score matching to minimize the ef-
fects of confounding due to the nonrandomized assignment of
transfusion when comparing outcomes between patients who
did not receive intraoperative transfusion and those who re-
ceived 1 unit of intraoperative PRBCs. We chose patients who
received 1 unit of PRBCs as the key study group for propen-
sity analysis because transfusion in this group is most likely to
be discretionary and is most avoidable without patient harm.
Propensity score matching allows for reducing the effect of se-
lection bias in the decision to transfuse small amounts of in-
traoperative PRBCs and allows balancing of all measured rel-
evant variables between patients who did not receive
intraoperative PRBCs and those who received only 1 unit of
intraoperative PRBCs. This propensity matching used the meth-
ods previously published by Austin et al.23-25 We used SPSS ver-
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sion 18 statistical software (SPSS Inc) to perform all of the sta-
tistical calculations in our analysis. Briefly, we used the following
steps to perform the propensity analysis. We used a logistic re-
gression model to derive the propensity score. The propensity
score was estimated from the logistic regression model, in which
receipt of 1 unit of intraoperative PRBCs was regressed on more
than 55 ACS-NSQIP patient preoperative risk factors. Stan-
dardized differences were used to assess the balance between
covariates in the 2 treatment groups in the propensity score–
matched sample.23 We iteratively modified the propensity model
so that all relevant covariates had standardized differences of
less than 0.1 to assure accurate matching. The SPSS FUZZY case-
matching algorithm accomplished matching between treated
patients (ie, those who received 1 unit of PRBCs) and un-
treated patients (ie, no transfusion) using matching without re-
placement and a matching tolerance of 0.00001 of the propen-
sity score. McNemar test was used to assess the statistical
significance of differences in dichotomous outcomes between
treatment groups in the matched sample, while the Wilcoxon
rank sum test was used for continuous outcomes.26

RESULTS

PATIENT POPULATION

After patient exclusions, the ACS-NSQIP database gen-
erated a study group of 941 496 patients who under-
went noncardiac operations. Of the 48 291 patients who
received intraoperative PRBCs, 15 186 (31.4%) re-
ceived a single unit of PRBCs during operation, while the
remaining 33 105 patients (68.6%) intraoperatively re-
ceived more than 1 unit of PRBCs.

RELATIONSHIP BETWEEN UNADJUSTED
OUTCOMES AND INTRAOPERATIVE

BLOOD TRANSFUSION

The Figure depicts the relationship between operative
mortality or composite morbidity (any 1 of 7 major mor-
bidity groups) and the number of units of PRBCs trans-
fused intraoperatively in all patients before propensity
matching. Invariably, intraoperative transfusion of any
amount of PRBCs is associated with worse unadjusted

mortality and composite morbidity in this patient co-
hort (Figure).

Table 1 outlines unadjusted outcome differences be-
tween patients who did not receive intraoperative trans-
fusion and those who received 1 unit of PRBCs. In Table 1,
�2 testing compared rate differences between discrete out-
come variables in patients who did and did not receive in-
traoperative transfusion, while t test compared differ-
ences between continuous variables in these 2 study groups.

PROPENSITY-MATCHED COHORTS

Fifty-five preoperative variables were entered into a lo-
gistic regression analysis to generate a probability of re-
ceiving 1 unit of PRBCs (ie, propensity score). Statisti-
cal software (SPSS version 18) matched the untreated
cohort (893 205 patients) who did not receive an intra-
operative blood transfusion to the treated cohort who re-
ceived 1 unit of PRBCs (15 186 patients) using an algo-
rithm that required matching on the propensity score to
the nearest 0.00001. Of necessity, this matching algo-
rithm resulted in a decreased number of matches be-
tween treated and untreated patients but assured a very
close match between the 2 final patient groups. Table 2
compares the values of some of the key preoperative vari-
ables in the treated and untreated cohorts after propen-
sity matching and lists the standardized differences be-
tween some of the important preoperative variables. All
preoperative variables entered into the regression model
had a standardized difference of 0.1 or less, indicating a
good balance of baseline variables between propensity-
matched treated and untreated cohorts.

Table 3 displays the estimates of the effect of treat-
ment with 1 unit of PRBCs compared with no transfu-
sion. Intraoperative transfusion of 1 unit of PRBCs car-
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Figure. Unadjusted mortality and composite morbidity rates by number of
units of packed red blood cells (PRBCs) received in intraoperative blood
transfusion.

Table 1. Unadjusted Outcome Comparisons Between
Patients Who Received No Intraoperative Transfusion
and Those Who Intraoperatively Received 1 Unit of PRBCs

Outcome

Patients, %

No
Intraoperative

Transfusion
(n=893 205)

Intraoperative
Transfusion of

1 Unit of PRBCs
(n=15 186)

Mortality 1.1 6.3a

Wound complication 4.5 11.2a

Pulmonary complications 3.0 15.7a

Renal complication 1.9 6.8a

Postoperative new
neurologic event

0.3 1.4a

MI or cardiac arrest 0.5 2.6a

Postoperative systemic
sepsis

2.4 10.5a

Return to OR within 30 d 4.6 12.3a

Composite morbidity 11.8 34.6a

Time from operation to
discharge or death,
mean (SD), d

3.1 (6.1) 10.2 (12.1)b

Abbreviations: MI, myocardial infarction; OR, operating room;
PRBCs, packed red blood cells.

aP� .001, �2 test.
bP� .001, t test.

ARCH SURG/ VOL 147 (NO. 1), JAN 2012 WWW.ARCHSURG.COM
51

©2012 American Medical Association. All rights reserved.
 at SMAC Consortium, on January 31, 2012 www.archsurg.comDownloaded from 

http://www.archsurg.com


ries a significant risk of increased operative mortality,
wound problems, systemic sepsis, pulmonary complica-
tions, postoperative renal dysfunction, composite mor-
bidity, and prolonged postoperative length of hospital stay.

COMMENT

We found that transfusion of seemingly small and possi-
bly discretionary amounts of intraoperative PRBCs is as-
sociated with adverse surgical outcomes. Using propen-
sity matching in conjunction with a large clinical database,
we found significantly worse outcomes in patients who re-

ceived a single unit of PRBCs during their operation. Ad-
verse outcomes included increased operative mortality, pul-
monary complications, renal dysfunction, wound problems,
sepsis, and prolonged hospitalization. Other investiga-
tors reached similar conclusions in patients having car-
diac operations,13 but our study uniquely identifies this re-
lationship in noncardiac operations.

Exploratory observational studies like ours serve to
generate hypotheses worth testing in randomized trials.
For example, a unique feature of our study is the focus
on intraoperative blood transfusion. Other studies re-
viewed relationships between blood transfusion and pa-

Table 2. Key Variables in Propensity-Matched Groups and Standardized Differences Between Matched Cohorts With and Without
Intraoperative Transfusion

Variable

Mean (SD)

Standardized Difference
Between Groups

Propensity-Matched Group
Without Transfusion

(n=11 855)

Propensity-Matched Group With
Transfusion of 1 Unit of PRBCs

(n=11 855)

Work RVUs 32.5 (22.7) 34.3 (20.7) 0.08
Age, y 66.7 (14.5) 65.7 (14.6) 0.07
Sexa 0.49 (0.50) 0.48 (0.50) 0.003
Preoperative dyspneab 0.25 (0.53) 0.24 (0.52) 0.02
Preoperative functional statusc 0.30 (0.59) 0.29 (0.59) 0.03
Significant weight loss prior to operationd 0.07 (0.25) 0.07 (0.25) 0.005
Preoperative sepsisd 0.42 (0.95) 0.40 (0.93) 0.02
Body weight, kg 78.3 (21.6) 79.1 (22.5) 0.03
ASA classification 3.10 (0.65) 3.07 (0.68) 0.05
Previous operation within 30 d 0.08 (0.28) 0.08 (0.27) 0.01
Steroid use for chronic condition 0.07 (0.25) 0.07 (0.25) 0.01
Preoperative hematocrit, % 34.8 (5.8) 34.9 (6.5) 0.01
Inpatient or outpatient operatione 0.99 (0.10) 0.98 (0.13) 0.04
History of severe COPDd 0.11 (0.32) 0.11 (0.32) 0.02

Abbreviations: ASA, American Society of Anesthesiologists; COPD, chronic obstructive pulmonary disease; PRBCs, packed red blood cells; RVUs, relative value
units.

aA value of 0 indicates men; 1, women.
bA value of 0 indicates no dyspnea; 1, dyspnea with exertion; and 2, dyspnea at rest.
cA value of 0 indicates independent; 1, partially dependent; and 2, totally dependent.
dA value of 0 indicates no; 1, yes.
eA value of 0 indicates outpatient; 1, inpatient.

Table 3. Outcome Comparisons Between Propensity-Matched Groups

Postoperative Complication

Unadjusted Rate Propensity-Adjusted Rate

No
Transfusion
(n=893 205)

Transfusiona

(n=15 186) P Valueb

No
Transfusion
(n=11 855)

Transfusiona

(n=11 855) P Valuec

Mortality, % 1.1 6.3 �.001 5.2 6.1 .005
Wound problems, % 4.5 11.2 �.001 9.7 11.4 �.001
Pulmonary, % 3.0 15.7 �.001 11.7 15.3 �.001
Renal, % 1.9 6.8 �.001 5.5 6.8 �.001
CNS, % 0.3 1.4 �.001 1.3 1.3 .91
Cardiac, % 0.5 2.6 �.001 2.0 2.4 .06
Sepsis, % 2.4 10.5 �.001 8.2 10.6 �.001
Return to OR, % 4.6 12.3 �.001 11.4 12.1 .09
Composite morbidity, % 11.8 34.6 �.001 30.1 34.2 �.001
Postoperative length of stay, mean (SD), d 3.54 (7.72) 12.0 (14.6) �.001 10.3 (14.3) 11.8 (14.7) �.001

Abbreviations: CNS, central nervous system; OR, operating room.
aPatients received intraoperative transfusion of 1 unit of packed red blood cells.
bDiscrete variables used �2 test; continuous variables, t test.
cDiscrete variables used McNemar test; continuous variables, Wilcoxon rank sum test.
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tient outcomes,14,27 but our study is one of the few that
emphasizes the intraoperative occurrence of transfu-
sion and surgical outcomes. A reasonable hypothesis based
on our results is that small amounts of intraoperative blood
transfusion cause adverse outcomes, especially infec-
tious complications. It might be possible to construct a
randomized trial where discretionary intraoperative trans-
fusion is tested among surgical patients. To our knowl-
edge, the literature does not have a study of this type.

An important unmeasured variable that may confound
our results is the decision tree used to guide transfusion.
In a cross-sectional study like ours, no intraoperative trans-
fusion algorithm could be identified. In the ACS-NSQIP
database, the decisions about transfusion are not well con-
trolled and this variability provides uncertainty about in-
dications for blood transfusion. Use of transfusion algo-
rithms lessens blood transfusion and decreases perioperative
bleeding in certain types of operations.1,28-31 Algorithm-
driven transfusion using predefined triggers and supple-
mented with point-of-care tests to monitor adequacy of
blood coagulation and clotting is a powerful blood con-
servation tool.1,29,30 Our results suggest that further stud-
ies looking at intraoperative transfusion triggers are justi-
fied and may help surgeons in their decisions about
transfusion.

We found that most of the adverse outcomes associ-
ated with intraoperative blood transfusion revolve around
infection. Transfusion of 1 unit of PRBCs presaged wound
infections, pneumonias, and sepsis in our study. Trans-
fusion is known to be immunosuppressive.32-34 A reason-
able hypothesis is that transfusion of small amounts of
allogeneic blood may limit the immune response, in-
duce inflammatory mediators, and predispose to infec-
tious complications. A corollary is that blood conserva-
tion techniques that limit blood transfusion may also limit
postoperative infections. Interventions with an evi-
dence base for limiting blood transfusion may have a sec-
ondary benefit of limiting surgical infections and sys-
temic inflammatory response. A few studies in the
literature support this notion,35-37 but others do not.38-40

However, no data elements in the ACS-NSQIP database
allow direct measurement of inflammatory mediators or
molecular markers of inflammation that permit direct in-
ference of the association between blood transfusion and
surgical infections. Our results support a relationship be-
tween surgical infections and intraoperative blood trans-
fusion and suggest the need for further efforts to inves-
tigate the effect of blood transfusion practices on surgical
infections.

Retrospective case-control studies like ours have
strengths and weaknesses related to both the large size
of the database and how variables are measured in the
database (Table 4). Because of the large number of pa-
tients included in the database, there are some obvious
strengths inherent in the analysis, including the large
sample size and the broad-based cross section of pa-
tients reflecting real-world experience with blood trans-
fusion and surgical outcomes. However, there are also
several weaknesses associated with the analysis. For ex-
ample, one important unmeasured variable is the time
from PRBC harvest to transfusion. Data on PRBC stor-
age are not available in the ACS-NSQIP database. Har-

vested PRBCs close to expiration are associated with worse
outcomes than fresher PRBCs more recently do-
nated.41-43 In most blood banks, there is selection bias in
that high-risk patients are likely to receive the oldest blood
in the blood bank. Blood bankers will cross match the
oldest blood units in patients having the highest-risk op-
erations because there is a higher likelihood that the blood
units will be transfused before they expire compared with
lower-risk patients having more routine procedures. It
is possible that some of the adverse outcomes associ-
ated with blood transfusion are related to transfusion of
older PRBCs in higher-risk procedures.

Other weaknesses exist in our analysis (Table 4). Pa-
tients get blood transfusions at other hospital sites be-
sides the operating room. Transfusions occurring out-
side the operating room, especially in the intensive care
unit, are associated with worse patient outcomes.14 There
are peculiarities about how the ACS-NSQIP database rec-
ords transfusions outside the operating room. Patients who
received more than 4 units of PRBCs either before or within
72 hours after operation are identified in the database and
were excluded from the study group. This still leaves pa-
tients in the database who may receive transfusion of less
than 5 units of PRBCs within 72 hours of operation as an
extension of intraoperative bleeding. A search of the com-
plete ACS-NSQIP database suggests that patients who re-
ceived an intraoperative transfusion of 1 unit of PRBCs
rarely received more than 4 units of PRBCs in the early

Table 4. Strengths and Weaknesses of the ACS-NSQIP
Database in the Analysis of Intraoperative Blood Transfusion
and Adverse Outcomes

Database Strengths Database Weaknesses

High-quality clinical database with
data gathered by health care
workers and not administrative
personnel

Variables that measure transfusion
only include intraoperative
transfusion and postoperative
transfusion of �4 units of
PRBCs but do not include
transfusion of �5 units of
PRBCs in these 2 perioperative
categories

ACS-NSQIP database has been
validated by audits

Time from harvest of PRBCs to
transfusion into patients is not
recorded in the database

Broad-based and large cross
section of patients (nearly 1
million patients) undergoing
surgery in various clinical
settings reflects real-world
experience that may be relevant
to practicing surgeons

Physiologic mechanisms that may
cause adverse outcomes
associated with transfusion of
minimal amounts of blood (eg,
cytokine production or other
measures of inflammatory
response) cannot be implied

Large database allows propensity
matching that mimics a
randomized trial that could not
otherwise be performed

�250 mL of intraoperatively
salvaged blood (Cell Saver
system; Haemonetics Corp) is
included with intraoperative
transfusion of autologous
PRBCs (estimated to be a
minor effect)

Measurements of risk factors that
may contribute to outcomes
serve to generate hypotheses
worth testing in randomized trials

Decisions about who should
receive a transfusion
(transfusion algorithm) are not
well controlled

Abbreviations: ACS-NSQIP, American College of Surgeons National Surgical
Quality Improvement Program; PRBCs, packed red blood cells.
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postoperative period. They were no more likely to re-
ceive more than 4 units of PRBCs postoperatively than were
patients who received no intraoperative transfusion. This
suggests that the transfusion of 1 unit of PRBCs was usu-
ally an isolated transfusion event that occurred in the op-
erating room. Nonetheless, patients who received fewer
than 5 units of PRBCs either before or after the operation
are included in the study group, and it is possible that pa-
tients who received only 1 unit of PRBCs in the operating
room may have received more blood after the operation.
The method of measuring perioperative blood transfu-
sion in the ACS-NSQIP database precludes more accu-
rate assessment of the effects of blood transfusion on out-
comes than we describe here. This is a shortcoming of our
study that is unable to be controlled.

Based on the assessments listed in Table 4, we be-
lieve that the benefits of analyzing the relationship be-
tween transfusion of small amounts of PRBCs and sur-
gical outcomes using the ACS-NSQIP database far
outweigh potential weaknesses. In fact, it is likely that
the only practical way to analyze this relationship is by
using a large clinical database such as that of the ACS-
NSQIP. We provide strong evidence to support further
controlled trials assessing the relationship between trans-
fusion of minimal, possibly discretionary amounts of
PRBCs and surgical outcomes. Special attention should
be devoted to the occurrence of surgical infections in fu-
ture studies of this type.

CONCLUSIONS

Our results suggest a strong association between intra-
operative transfusion of relatively small amounts of blood
(1 unit of PRBCs) and adverse surgical outcomes in non-
cardiac operations, especially adverse infectious compli-
cations. The clear implication is that limiting intraop-
erative blood loss and blood transfusion may improve
outcomes in certain patients. Intraoperative transfusion
of 1 unit of PRBCs should be undertaken with caution
based on this study.
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INVITED CRITIQUE

Minimal Transfusions

First Do No Harm

F erraris et al1 have shed light on an important yet
infrequently discussed problem. They reviewed
patients who were not hypotensive or bleeding

to death and received only small amounts of PRBCs in
the operating room. Ferraris and colleagues showed that
transfusion of even minimal amounts of blood products
increases mortality, wound problems, pulmonary com-
plications, postoperative renal dysfunction, systemic sep-
sis, composite morbidity, and postoperative length of stay.
These are important outcomes that clinicians discuss ev-
ery day.

Why did these noncardiac patients receive transfu-
sions of 1 to 2 units of PRBCs? Of course, the ACS-NSQIP
database does not have the reason recorded. However, we
knowtheanswer.Wesimplyuse(orallowtheuseof)blood
products much too freely in hemodynamically stable pa-
tients. Usually we allow treatment for an isolated labora-
tory value rather than the entire patient, something we rou-
tinely tell our residents and students not to do.

This approach should stop. Hébert et al2 showed us
that low hemoglobin levels are okay, Kiraly et al3 dem-
onstrated that older blood decreases peripheral tissue oxy-
genation, Tsai et al4 revealed that older blood has a de-

creased 2,3-diphosphoglycerate level, and Malone et al5

reported that each additional unit of PRBCs increases mor-
tality. Most of what we were taught about blood prod-
ucts 10 years ago was incorrect. Blajchman6 has re-
viewed the recent studies, and the data are clear. Unless
your patient is actively bleeding to death, it is simply best
not to transfuse any blood products.7 Of course, if the
patient is bleeding rapidly and in shock, then PRBCs,
plasma, and platelets are required. It is time for all sur-
geons (and the various surgical societies) to pay atten-
tion to this issue and follow the published guidelines.7

Surgeons routinely take patients to the operating room
and cause various amounts of blood loss. From a physi-
ological point of view, replacing operative blood loss with
1 to 2 units of PRBCs does not make sense. From a qual-
ity outcomes and preventable injury viewpoint, Ferraris
and colleagues have shown that these minimal transfu-
sions injure our patients.1
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