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Abstract: We retrospectively examined intraoperative blood transfusion

patterns at US veteran’s hospitals through description of national patterns

of intraoperative blood transfusion by indication for transfusion in the

elderly; assessment of temporal trends in the use of intraoperative blood

transfusion; and relationship of institutional use of intraoperative blood

transfusion to hospital 30-day risk-adjusted postoperative mortality rates.

Limited data exist on the pattern of intraoperative blood transfusion by

indication for transfusion at the hospital level, and the relationship

between intraoperative transfusion rates and institutional surgical out-

comes.

Using the Department of Veterans Affairs Surgical Quality Improve-

ment Program database, we assigned 424,015 major noncardiac oper-

ations among elderly patients (�65 years) in 117 veteran’s hospitals, from
, Lan Jiang, MS, M is, MD,
, and Wen-Chih Wu, MD, MPH

use based on these indications, and the relationship between these

institutional patterns of transfusion and 30-day postoperative mortality.

Intraoperative transfusion occurred in 38,056/424,015 operations

(9.0%). Among the 64,390 operations with an indication for transfusion,

there was wide variation (median: 49.9%, range: 8.7%–76.2%) in hospital

transfusion rates, a yearly decline in transfusion rates (average 1.0%/y),

and an inverse relationship between hospital intraoperative transfusion

rates and hospital 30-day risk-adjusted mortality (adjusted mortality of

9.8� 2.8% vs 8.3� 2.1% for lowest and highest tertiles of hospital

transfusion rates, respectively, P¼ 0.02). In contrast, for the 225,782

operations with no indication for transfusion, there was little variation in

hospital transfusion rates (median 0.7%, range: 0%–3.4%), no meaningful

temporal change in transfusion (average 0.0%/y), and similar risk-

adjusted 30-day mortality across all tertiles of hospital transfusion rates.

Among patients �65 years with an indication for intraoperative

transfusion, intraoperative transfusion patterns varied widely across hos-

pitals and declined through the 1997 to 2009 study period. Hospitals with

higher transfusion rates in these patients have lower risk-adjusted 30-day

postoperative mortality rates.

(Medicine 94(32):e1342)

Abbreviations: RCT = randomized controlled trial, VA =

Department of Veterans Affairs, VASQIP = Department of

Veterans Affairs Surgical Quality Improvement Program.

INTRODUCTION

U nderstanding the pattern of blood transfusion use during
surgery is important because surgical patients receive close

to half of all transfused blood,1–3 transfusions are costly and
limited,4,5 and differences in hospital intraoperative transfusion
practices may contribute to national heterogeneity in care and
surgical outcomes. The association of intraoperative transfusion
use with outcomes is especially important given national and
international initiatives to improve the quality of surgical care.6,7

However, scant data are available to inform such discus-
sions. Controversy exists as to whether higher hospital intrao-
perative and postoperative transfusion rates can be used as an
indicator of inferior quality of care in cardiac surgery programs.8,9

A single-center randomized controlled trial (RCT) in cardiac
surgery showed no difference in 30-day postoperative outcomes
when intraoperative and postoperative blood transfusions were
used to maintain hemoglobin levels at either 9.1 g/dL or 10.5 g/
dL.10 The 2 available multicenter RCTs focused on postoperative
transfusion in patients who underwent noncardiac surgery,11,12

and neither showed a definitive relationship between postopera-
tive blood transfusion and outcomes. Although previous studies
have described the national pattern of blood transfusion use in
specific procedures such as coronary artery bypass surgery, total
aticoduodenectomy, and colectomy,13,14

tal intraoperative transfusion or nontrans-
titutional surgical outcomes.
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Furthermore, there have not been large-scale studies
describing national intraoperative transfusion use by indication
for blood transfusion for patients undergoing major noncardiac
surgery, or temporal trends of transfusion practices. This task
can now be facilitated by a framework from our previous work
that found intraoperative blood transfusions, in the event of
substantial operative blood loss, to be associated with <30-day
mortality at the patient level.15 We hope to further explore this
relationship between intraoperative transfusion and surgical
outcomes at the institutional level in this study. We also drew
from a recent RCT on postoperative blood use,12 and recent
guidelines for the appropriate use of blood transfusions.16,17

Because elderly patients receive a major proportion of the
total blood transfused18 and are especially vulnerable to both the
complications of anemia19–21 and the side effects of blood
transfusions,22,23 they are an ideal population to study the
association between intraoperative blood transfusion practices
and hospitals’ postoperative outcomes. Using a nationwide
sample of US veteran’s hospitals, our study aimed to describe
national patterns of intraoperative blood transfusion by indica-
tion for transfusion in the elderly, assess temporal trends in the
use of intraoperative blood transfusion from 1997 to 2009, and
relate institutional use of intraoperative blood transfusion with
hospital 30-day risk-adjusted postoperative mortality rates.

METHODS
We used data from the Department of Veterans Affairs

(VA) Surgical Quality Improvement Program (VASQIP), a VA-
wide surgical quality of care initiative to improve the outcomes
of major noncardiac surgeries. The VASQIP is a VA-wide
surgical quality of care initiative to improve the outcomes of
major noncardiac surgeries through prospective collection of
data on patient risk and report of risk-adjusted postoperative
outcomes.24–26 Excluded from the dataset were repeated oper-
ations performed within 30 days of the initial procedure (by
definition of VASQIP, a return to the operating room for any
type of intervention is considered a complication of the initial
procedure), and procedures with very low morbidity and
mortality, such as ophthalmology, auditory, or nasal procedures.
Nurse reviewers in each participating center extracted the data.
The quality of the abstracted data is monitored with periodic
data reabstraction by external reviewers, and has shown very
good agreement.

The institutional review boards of the Providence VA
Medical Center and the University of Colorado Denver, and
the VASQIP Data Use Group approved the study.

Analytic Sample
The study’s main unit of analysis was the participating

institution in the VASQIP during the years 1997 to 2009. Before
any exclusions were applied, our sample included 140 institu-
tions and 497,440 operations performed on 393,398 unique
veteran patients aged�65 years who had undergone noncardiac
surgery during the study period. In order to focus on major
noncardiac surgery where there is a greater concern for signifi-
cant morbidity and mortality and variation in institutional health
outcomes, we excluded 26,431 operations that were not done
under general, spinal, or epidural anesthesia, and 1396 oper-
ations not classified under the surgical specialties of general,
peripheral vascular, orthopedic, urology, noncardiac thoracic,
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neurosurgery, otolaryngology, and plastics. We further excluded
325 cases with missing data for nonlaboratory variables that
were >>99% complete for the study population The study
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outcome was 30-day postoperative mortality from the day of
the index operation, whether death occurred within or after the
initial hospitalization. If a patient had undergone >1 operation
in a fiscal year, we randomly selected only one of these
operations (40,365 cases excluded) because these operations
are more likely to be related to maintain statistical independence
of observations. In addition, we only included institutions
which have averaged >1 patient with an indication for transfu-
sion (defined below) per year (4908 cases excluded from 21
hospitals), so low volume centers would not skew the hospital-
level data and contribute to statistical noise through increased
variance.

All the exclusions (supplemental figure) yielded a final
analytic sample of 424,015 operations for 362,446 unique
patients in 117 institutions.

Intraoperative Blood Transfusion
Patients were classified as having received intraoperative

blood transfusions if they received red blood cells during their
operation. If the red blood cells came from a cell saver (which
occurred in<0.3% of VASQIP surgeries),15 every 500cc of fluid
were considered to be equivalent to 1 unit of red cell.

Indications for Blood Transfusion
Based on current literature and guideline recommen-

dations, we considered ‘‘indication for transfusion’’ to exist
if a patient had either a preoperative hematocrit value <24%
(grossly equivalent to hemoglobin levels of 8 g/dL)17 or sig-
nificant surgical blood loss, defined here as an estimated blood
loss >500 mL, at any hematocrit level.15 We considered a
patient to have ‘‘no indication for transfusion’’ if the preopera-
tive hematocrit value was �30% and surgical blood loss was
<500 mL.15,27 Preoperative hematocrit was defined as the last
hematocrit measurement before the index operation. Based on
previous work, the median duration between the last hematocrit
measurement and the index operation was 3 days (interquartile
range 1–11 days).19

Estimation of Intraoperative Blood Loss
The surgical blood loss was estimated based on a pre-

viously developed formula for a population of predominantly
male patients, �65 years, who underwent major noncardiac
surgery with and without intraoperative blood transfusions:15

Intraoperative blood loss (in mL)¼ (31.265 � % preo-
perative hematocrit)� (29.83�% postoperative hematocrit)þ
(269.67 � units of red blood cells transfused intraoperatively),
where % hematocrit levels are volume (in mL) of packed red
blood cells divided by the total volume (in mL) of the blood
sample, and units of red blood cells are usually 220 mL per unit.

This formula showed a high correlation with the chart
documentation of surgical blood loss (R2 of 0.62) at the
individual level,15 and was validated for hospital-level analyses
in a subsequent study.27 The postoperative hematocrit captures
the lowest postoperative hematocrit after the index surgery;
thus, it could reflect the value immediately postsurgery or the
day after, with the intention of capturing the maximal extent of
potential blood loss.

Study Outcome
The main outcome of the study was hospital surgical

Medicine � Volume 94, Number 32, August 2015
mortality rates within 30 days of the index surgery, which
was obtained by chart abstraction and validated by VA vital
status files.27
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the entire study population (median transfusion rate¼ 8.1%,
range 0.5%–20.4% [interquartile range: 5.3%–10.8%]). The
variation was greater among the subgroup of patients with an

FIGURE 1. Temporal Trends in Hospital Blood Transfusion Rates.
Hospital rates of intraoperative transfusion declined per year by
Statistical Analysis
For all our analyses, hospital intraoperative blood transfu-

sion use was studied for 3 groups of patients by indication: the
entire population of elderly patients undergoing major noncar-
diac surgery irrespective of the indication (overall transfusion),
the subgroup of patients with indication for transfusion, and the
subgroup of patients with no indication for transfusion, per
criteria stated previously.

First, we compared yearly trends of intraoperative blood
use using a mixed-effects linear model that adjusted for cluster-
ing of patients within hospitals. Next, we calculated each
hospital’s intraoperative transfusion rates for all patients,
patients with indication for transfusion, and patients with no
indication for transfusion. We divided hospitals into tertiles of
intraoperative blood use for each subgroup, and compared
hospital characteristics among the tertiles using x2 analysis
for categorical variables and one-way analysis of variance
for continuous variables. We also compared baseline patient
characteristics among the tertiles of hospitals using multivari-
able regression modeling adjusted for clustering of patients
within hospitals.

To relate hospital intraoperative transfusion use with risk-
adjusted postoperative outcomes, we calculated each hospital’s
risk-adjusted 30-day mortality (discussed further below) for the
3 groups of patients, and compared their risk-adjusted mortality
rates among tertiles using one-way analysis of variance. We
used Pearson correlation to assess the association between
hospital rates of intraoperative transfusion and the hospital’s
30-day risk-adjusted mortality rates. Linearity assumptions
were examined with residuals versus fitted values plots, and
sensitivity analyses were conducted excluding presumed out-
liers. We also conducted sensitivity analyses by incorporating
postoperative blood transfusion >4 units and an emergency
surgery interaction term into our 30-day mortality prediction
model to explore potential effects of postoperative transfusion
or emergency surgery on the study outcomes. Linear regression
was used to adjust for potential confounding by hospital’s
annual surgical volume.

The risk-adjusted 30-day postoperative mortality for each
hospital was determined by estimating the predicted probability
of 30-day postoperative death for each patient based on a
previously established VASQIP mortality model,19,25 aggregat-
ing the values at the hospital level, and then calculating the ratio
of observed-to-expected mortality for each hospital in the study.
The mortality prediction model included 41 patient and surgery-
level variables (listed in Supplementary Table 1) with excellent
outcome discrimination for both our overall study population
(c-index¼ 0.87) and subgroup analyses (c-indices of 0.82 and
0.86 for subgroups with clear indication and no indication,
respectively). Preoperative blood transfusion >4 units (<72
hours of surgery) was incorporated into the mortality prediction
model because it may predict intraoperative blood use and a
higher likelihood of postoperative complications. Postoperative
transfusions were captured in VASQIP as a surgical compli-
cation because of blood loss and were not included in our main
analyses. Data were >98% complete for all variables in the
model with the exception of laboratory variables, which con-
tained up to 37% missing for liver function tests. We used a
well-validated multivariate imputation regression technique to
account for missing values.28,29 The risk-adjusted mortality for
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each hospital was then calculated by multiplying the observed-
to-expected mortality ratio by the overall observed mortality for
the group of patients with the transfusion indication being

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
studied (ie, overall, indication for transfusion and no indication
for transfusion, respectively).

Statistical analyses were performed using STATA SE 11.2
(StataCorp LP, College Station, TX) and SAS 9.2 (SAS Inc,
Cary, NC), and a 2-sided P value of <0.05 was considered
significant.

RESULTS
The analytic sample included 117 hospitals. Intraoperative

transfusion occurred in 38,056/424,015 operations (9.0%).
Stratified by transfusion indication, we classified 64,390 oper-
ations as having indication for transfusion (62,947 because of
estimated major blood loss), which represented 86.0% of over-
all transfused cases, and 225,782 operations as having no
indication for transfusion, which represented only 5.5% of
overall transfused cases.

Temporal Trends
Examination of temporal trends (Figure 1) showed that

hospital rates of intraoperative transfusion declined for the
overall group by �0.35 percentage points per year (95%
confidence interval [CI]: �0.31 to �0.39) and for the subgroup
with indication for transfusion by �1.01 percentage points per
year (95% CI: �0.78% to �1.23) over the 13-year study period
(1997–2009). In contrast, hospital rates of intraoperative trans-
fusion in the subgroup of patients with no indication for
transfusion declined only �0.03 percentage points per year
(95% CI: �0.01 to �0.04).

Variation in Hospital Intraoperative Transfusion
Rates

The pattern of hospital intraoperative transfusion rates
varied based on indication for transfusion. The variation in
hospital intraoperative transfusion rates was only moderate for

Hospital Blood Transfusion Patterns and Surgical Mortality
�0.35 percentage points in the overall study group, by �1.01
percentage points in the subgroup with indication for transfusion,
and �0.03 percentage points in the subgroup of patients with no
indication for transfusion.
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FIGURE 2. Variation in Hospital Rates of Transfusion for the Sub-
group of Patients with Indication for Transfusion. In this subgroup,

Chen et al
indication for transfusion (median: 49.9%, range 8.7%–76.2%
[interquartile range: 40.7%–57.4%]; Figure 2). There was only
minimal variation in hospital intraoperative transfusion rates for
the subgroup of patients with no indication for transfusion
(median transfusion rate¼ 0.7%, range: 0%–3.4% [interquar-

the median hospital rate of transfusion was 49.9% and the inter-
quartile range spanned from 40.7–57.2%.
tile range: 0.5%–1.2%]).
Baseline characteristics of the hospitals stratified by ter-

tiles of hospital intraoperative transfusion rates for each

TABLE 1. Hospital Characteristics Stratified by Tertiles of Hospita

Low
Transfusion

Tertile

M
Tra

T

All patients �65 y who underwent noncardiac surgery
Hospital transfusion rate range, % 0.5–6.2 6.
Number of hospitals 39
Number of operations 101,015 15
Transfusion rate interquartile range 2.5–5.3 7.
Average intraoperative transfusion rate 3.9� 1.7 8.0
Average annual volume of patients 202� 147 312

Among the subgroup of patients with indication for transfusion
�

Hospital transfusion rate range, % 8.7–43.8 43.
Number of hospitals 39
Number of operations 15,028 2
Transfusion rate interquartile range 28.4–40.7 46.
Average intraoperative transfusion rate 32.9� 9.0 49.
Average annual volume 30� 23 47

Among the subgroup of patients with no indication for transfusiony

Hospital transfusion rate range, % 0–0.6 0.
Number of hospitals 39
Number of operations 70,520 7
Transfusion rate interquartile range 0.1–0.5 0.
Average intraoperative transfusion rate 0.3� 0.2 0.7
Average annual volume 141� 96 15

�
Indication for transfusion defined by preoperative hematocrit <24% an
yNo indication for transfusion defined by preoperative hematocrit �30%
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indication group are shown in Table 1. Although the annual
surgical volume was consistently higher for hospitals in
the highest tertile of intraoperative blood transfusion rates
for all patients and for the subgroup of patients with
indication for transfusion, the annual surgical volume was
similar for hospitals when stratified by tertiles of intraoperative
blood transfusion rates for patients with no indication for
transfusion.

The baseline characteristics of patients stratified by
tertiles of hospital intraoperative transfusion rates for the
overall group and for the subgroups of patients with indica-
tion and no indication for transfusion are shown in Supple-
mentary Tables 2 to 4, respectively. Briefly, patients treated
in hospitals in the highest tertile of overall transfusion rates
were more likely to be a racial minority, have higher rates of
preoperative comorbidities, laboratory abnormalities, and a
more complex surgery (higher work relative value units, more
vascular, noncardiac thoracic, and neurosurgery), but less
likely to have a do-not-resuscitate order (Supplementary
Table 2). A similar pattern of baseline characteristics was
observed for patients in the highest tertile of hospital transfu-
sion rates for the subgroup with an indication for transfusion
(Supplementary Table 3). The baseline characteristics of
patients were similar among tertiles of hospital transfusion
rates for patients with no indication for transfusion, with the
exception of preoperative blood transfusion and ventilator
dependence <48 hours of surgery which were more likely to
occur in patients within the highest tertile of hospital transfu-
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sion rates, and a do-not resuscitate order which was least
likely to occur in this tertile group of patients (Supplementary
Table 4).

l Blood Transfusion for Each Indication Subgroup

iddle
nsfusion
ertile

High
Transfusion

Tertile Total

P Value
for Intertertile

Comparison

2–9.4 9.4–20.4 0.5–20.4
39 39 117
6,864 166,136 424,015
2–8.6 10.8–13.6 5.3–10.8
� 0.8 12.6� 2.6 8.2� 4.0
� 117 333� 81 282� 130 <0.001

8–53.6 53.6–76.2 8.7–76.2
39 39 117

4,056 25,306 64,390
5–51.8 57.4–68.2 40.7–57.4
2� 3.0 62.1� 6.3 48.1� 13.7
� 26 51� 25 43� 26 <0.001

6–1.0 1.0–3.4 0–3.4
39 39 117

6,789 78,473 225,782
6–0.8 1.2–1.9 0.5–1.2
� 0.1 1.6� .5 0.9� .6

3� 70 156� 67 150� 78 0.70

d/or significant surgical blood loss (>500 mL estimated blood loss).
and no significant surgical blood loss (<500 mL estimated blood loss).

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



FIGURE 3. Hospital Transfusion Rate and 30-day Risk-Adjusted

Hospital Blood Transfusion Patterns and Surgical Mortality
Relationship Between Hospital Intraoperative
Transfusion Rate and 30-Day Postoperative
Mortality

Table 2 shows hospital 30-day surgical mortality rates
stratified by tertiles of hospital intraoperative transfusion rates
for each indication group. For all patients, although the crude
(unadjusted) 30-day hospital surgical mortality rates were
significantly higher for tertiles of hospitals with higher intrao-
perative transfusion rates (P<0.001), the risk-adjusted mortality
rates were similar (P¼ 0.43). For the subgroup of patients with
no indication for transfusion, the hospital’s risk-adjusted 30-day
mortality rates were similar across tertiles of hospitals stratified
by intraoperative transfusion rates (P¼ 0.54). On the contrary,
for the subgroup of patients with indication for blood transfu-
sion, the risk-adjusted 30-day mortality rates were significantly
lower for hospitals in the highest tertile of intraoperative
transfusion rates (P¼ 0.02). For these patients, Pearson corre-
lation showed that hospital intraoperative transfusion rates had
an inverse relationship with the hospital’s 30-day risk-adjusted
mortality (r¼�0.31, P< 0.001; Figure 3).

These findings for the subgroup of patients with indication
for intraoperative transfusion remained significant after exclud-
ing outlier hospitals based on a high 30-day risk-adjusted
mortality (n¼ 2) or low transfusion rates (n¼ 2), or both
(n¼ 4) (Supplementary Table 5). These 4 outlier hospitals
generally had lower volumes of patients with indication for
transfusion (average: 24 patients/y) and belonged to the lowest
and middle transfusion tertiles. We found the association
became more pronounced after 2 outlier hospitals with 30-
day risk-adjusted mortality rates >20% were removed
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(r¼�0.43, P< 0.001). This relationship remained significant
after adjustment for the hospital’s annual surgical volume
(P¼ 0.018). Sensitivity analysis with addition of postoperative

TABLE 2. Hospital’s 30-Day Surgical Mortality Rates, Stratified b

Low
Transfusion

Tertile

M
Tra

T

Overall
Hospital transfusion rate range, % 0.5–6.2 6
Number of hospitals 39
Number of operations 101,015 1
Observed mortality (mean� SD) 3.0� 1.0 3
Risk-adjusted mortality (mean�SD) 3.5� 0.6 3

Among the subgroup of patients with indication for transfusion
�

Hospital transfusion rate range, % 8.7–43.8 43
Number of hospitals 39
Number of operations 15,028 2
Observed mortality (mean� SD) 8.4� 3.5 9
Risk-adjusted mortality (mean�SD) 9.8� 2.8 10

Among the subgroup of patients with no indication for transfusiony

Hospital transfusion rate range, % 0–0.6 0.
Number of hospitals 39
Number of operations 70,520 7
Observed mortality (mean� SD) 3.3� 1.1 3
Risk-adjusted mortality (mean�SD) 3.5� 0.8 3

SD, standard deviation.�
Indication for transfusion defined by preoperative hematocrit <24% an
yNo indication for transfusion defined by preoperative hematocrit �30%

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
blood transfusion >4 units and an emergency surgery inter-
action term into the mortality prediction model also did not
significantly affect our findings (data not shown). Examination
of the residuals versus fitted values plots showed no violation of
linearity assumptions.

There were an additional 133,843 cases with uncertain
indication for transfusion, of which 19,107 cases had a preopera-
tive hematocrit between 24% and 30% and blood loss<500 mL,

Mortality for the Subgroup of Patients with Indication for Blood
Transfusion. Pearson correlation showed an inverse relationship
(r¼�0.31, P<0.001).
and 114,736 cases were lacking postoperative hematocrit
values for whom estimation of blood loss was not possible.
These groups represented 2.0% and 6.5%, respectively, of

y Tertiles of Surgical Blood Transfusion Rates

iddle
nsfusion
ertile

High
Transfusion

Tertile Total

P Value for
Intertertile

Comparison

.2–9.4 9.4–20.4
39 39 117

56,864 166,136 424,015
.7� 0.8 3.9� 0.9 3.5� 1.0 <0.001
.7� 0.6 3.5� 0.7 3.6� 0.6 0.43

.8–53.6 53.6–76.2
39 39 117

4,056 25,306 64,390
.4� 3.3 8.3� 2.5 8.7� 3.1 0.22
.3� 4.2 8.3� 2.1 9.4� 3.2 0.02

6 – 1.0 1.0–3.4
39 39 117

6,789 78,473 225,782
.5� 0.9 3.2� 0.8 3.3� 0.9 0.40
.6� 0.7 3.3� 0.8 3.4� 0.8 0.54

d/or significant surgical blood loss (>500 mL estimated blood loss).
and no significant surgical blood loss (<500 mL estimated blood loss).
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overall transfused cases (baseline patient characteristics in
Supplementary Tables 6 and 7). Patients for whom blood loss
estimation was not possible had a lower rate of comorbidities
compared with that of the overall study group; for instance, they

Chen et al
had lower rates of heart failure within 30 days, myocardial

infarction within 6 months, dyspnea at rest, and impaired
sensorium.

DISCUSSION
We found that hospital intraoperative blood transfusion

use, temporal patterns in transfusion, and the association
between hospital intraoperative transfusion rates and surgical
mortality differed greatly by groups defined by indication or no
indication for transfusion. Among the subgroup of patients with
indication for intraoperative transfusion, hospital intraoperative
transfusion rates varied widely, significantly declined during
the study period, and higher rates of intraoperative transfusion
were associated with lower hospital’s 30-day risk-adjusted
mortality. However, among patients with no indication for
intraoperative transfusion, there was minimal variation in
hospital transfusion rates, consistently low rates of transfusion
across the study period, and no association between rates of
intraoperative transfusion use and hospital’s 30-day risk-
adjusted mortality.

Our findings and those of others suggest that large varia-
bility still persists in the intraoperative use of blood transfu-
sion.14 In particular, we found that the magnitude of variation
differed greatly by indication for intraoperative transfusion. The
largest variation in intraoperative transfusion was observed in
patients with indication for transfusion (range: 8.7%–76.2%),
with a close to normal distribution (Figure 2). This finding
suggests clinical equipoise and that clinicians may differ in
opinion about the criteria for clinically appropriate intraopera-
tive blood transfusions. Despite the publication of 2 multicenter
RCTs addressing adult postoperative transfusion thresholds in
the intensive care and hip surgery settings,12,30 and a large
observational study of intraoperative transfusion for patients
with surgical blood loss,15 there may be a need for further
evidence to guide clinicians’ decisions about intraoperative
blood transfusion.15 The variation in intraoperative transfusion
practices overall, and specifically for the subgroup of patients
with a clear indication for intraoperative transfusion, may be
due to an evolving concept of what is considered appropriate
throughout the 12-year study period despite the lack of signifi-
cant change in perioperative blood transfusion guidelines.
Changing attitudes toward transfusion may also contribute to
the temporal variation in transfusion practices that we observed.

On the contrary, there appeared to be very little practice
variation among hospitals throughout the study period for the
subgroup of patients with no indication for transfusion. For
these patients, almost all hospitals in our study had minimal
transfusion rates, suggesting excessive blood transfusion was
not a significant concern in our cohort.

Temporal patterns in intraoperative blood transfusion also
differed by indication group. Although there was a 1.01 per-
centage point yearly decline in the hospital intraoperative
transfusion rates for the subgroup of patients with indications
for transfusion, the transfusion rate for operations with no
indication for transfusion was consistently low across the
13-year study period (median 0.7%). These findings may reflect

greater awareness about the risks of transfusion.11 However, the
decline in rates of intraoperative blood transfusion primarily
impacted patients with an indication for transfusion and

6 | www.md-journal.com
potentially resulted in underuse of an appropriate therapy for
major surgical blood loss or significant preoperative anemia.
Future efforts in this area should aim at generating more
evidence to guide clinicians on appropriate intraoperative
transfusion and reduce the heterogeneity among hospitals
in practice.

The association of higher levels of hospital intraoperative
transfusion with lower hospital risk-adjusted 30-day mortality
for patients with indications for transfusion may reflect a
hospital’s ability to successfully ‘‘rescue’’ a patient from major
surgical complication, that is blood loss. We also found that
hospitals with higher surgical volumes tend to have higher
intraoperative transfusion rates, but our results remained sig-
nificant after adjustment for annual surgical volume. These
findings are in contrast to some data from observational studies,
suggesting blood transfusion overall is associated with worse
outcomes.31,32 However, when studies account for anemia and
blood loss, a subset of surgical patients that may benefit from
blood transfusions can be identified.15,27

Our findings support the thresholds for surgical transfusion
in the current guidelines, and suggest that the hospital’s rate of
appropriate intraoperative transfusion might be a valid frame-
work to be used in future studies of surgical transfusion pattern.
Our study suggests that it is useful to examine patterns of
surgical blood transfusion stratified by indication as opposed
to aggregate rates of blood transfusions without consideration of
the clinical indication. Although the optimal indication for
blood transfusion may continue to evolve with future evidence,
the current framework of examining in the context of the
clinical scenario will be adaptable and represents the first steps
toward that direction. Based on prespecified criteria informed
by current evidence, we found that the overall trend toward
more restrictive intraoperative blood transfusion patterns in the
elderly during our study period was primarily driven by a
decline in transfusion rates in patients with reasonable indica-
tions for transfusion, such as significant preoperative anemia or
intraoperative blood loss, whereas transfusion rates among the
subgroup without such a clear indication remains consistently
low throughout the study period.

Strengths of this database include its nationwide sample of
VA hospitals, diversity of surgeries, and broad spectrum of
patient complexity and abstraction of clinical data as opposed to
administrative claims data. This study also has limitations. The
study sample of predominantly male veterans�65 years treated
in VA hospitals may not generalize to younger or female
patients, or treatment in non-VA hospitals. Further research
should be conducted in other populations. Procedures done
within 30 days of the index operation were not recorded in
the VASQIP database as independent observations but rather
complications of the first surgery; further research is needed to
explore patterns of transfusion in the event of reexploration
because of blood loss. Although we constructed our study
sample from a nationwide set of VA hospitals in the United
States, we only included those hospitals that met the minimal
volume criteria of 1 or more transfusion-eligible patients per
year. Therefore, our results may not be generalized to low
volume centers that did not meet this criterion. However, these
facilities account for only 1.2% of all procedures in the VASQIP
database. Future studies are needed on exploring the transfusion
patterns of hospitals with low volume of transfusion-eligible
patients The question may arise of whether observational
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evidence may be sufficient to recommend best practices in
the absence of RCTs. Despite the strengths of RCTs in provid-
ing evidence for causation, they can be difficult to conduct in
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operating room settings, and the use of standardized treatment
protocols to isolate effects of the intervention may not reflect a
real-world clinical environment.33,34 On the contrary, data
quality in carefully conducted observational studies can be
arguably as good as RCTs,35 with the results better reflecting
real-world practices and broader generalizability. However, the
main limitation of observational evidence is the possibility of
confounding. Although we have adjusted for an extensive list of
preoperative and operative variables to account for patient case-
mix across hospitals and our method of risk-adjustment has
been validated, there may still be residual confounding (eg,
more experienced surgeons, anesthesiology, or quality of inten-
sive care). For example, we could not determine the precise
hydration, hemodynamic status, and/or clinical conditions for
which the surgical team’s judgment for providing or withhold-
ing of blood transfusions during surgery was made. Therefore,
these findings may suggest that higher appropriate intraopera-
tive transfusion rates are a reflection of a hospital’s overall
quality of surgical care (eg, ability to rescue from a major
surgical complication) rather than solely survival is better for
patients who were operated in hospitals that have high transfu-
sion rates for those patients with an indication. Third, intrao-
perative blood loss was estimated rather than directly measured,
a task that is difficult to accomplish in the real-world setting.
Fourth, we did not analyze the variation of transfusion rates by
surgical specialty, as current knowledge and guidelines do not
support it as a determinant for blood transfusion beyond patient
case-mix, which has been accounted for within the mortality-
adjustment models. Fifth, there were 114,736 patients for whom
we could not estimate blood loss; however, they comprised only
6.5% of total transfusions.

In conclusion, we found a useful framework to study
hospital variation in intraoperative blood transfusion practices
that was related to surgical outcomes. Hospitals with higher
intraoperative transfusion rates in patients with an indication for
transfusion have lower risk-adjusted 30-day postoperative
mortality rates. Future studies can determine whether this same
framework can be applicable to study institutional transfusion
practices in other settings such as in preoperative or post-
operative care of high-risk patients.
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