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R ed blood cell (RBC) transfusions are performed 
at a rate of approximately 13 million RBC units 
per year in the United States.1,2 Transfusions are 

commonly performed on surgical and trauma patients 
with blood loss, as well as patients with cancer who 
have decreased blood cell production.3 RBC transfusion 
practices vary widely, with significant differences exist-
ing among the hemoglobin threshold used to determine 
when transfusions are performed. As a result, the use 
of blood can deviate up to 4-fold among physicians per-
forming the same procedure.4 

Transfusion strategies are generally categorized as lib-
eral or restrictive, with a liberal strategy using a higher 
hemoglobin threshold and a restrictive strategy using a 
lower hemoglobin threshold before transfusing.5 There 
is mounting evidence that liberal transfusion strategies 
have led to worse health outcomes. A systematic review 
of 494 studies concluded that 59% of transfusions were 
inappropriate in all scenarios where a patient’s hemoglo-
bin level was 10 g/dL or above, and in 71% of scenarios 
where the patient’s hemoglobin level was 8 to 9.9 g/dL.6 
These results are supported in studies that have evaluated 
transfusion strategies in specific populations, including 
head injury, hip surgery, and upper gastrointestinal (GI) 
bleeding.7-10 In response to these data, the AABB (former-
ly the American Association of Blood Banks) constructed 
a clinical guideline in 2012 recommending a restrictive 
transfusion strategy for RBC utilization when hemoglo-
bin levels fall below 8 g/dL for hospitalized, stable adults.5

In addition to the patient safety advantages of adher-
ing to a restrictive transfusion strategy, there are impor-
tant implications for hospital costs and clinical resource 
management. The cost of blood ranges between $522 and 
$1183 per unit when including storage, labor, and waste.11 If 
a restrictive transfusion strategy was widely implemented, 
transfusions would be expected to decrease by an average 
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ABSTRACT

Objectives: To measure the impact of a local patient safety 
intervention and a national guideline to reduce unnecessary red 
blood cell (RBC) transfusions in the Department of Medicine of an 
academic medical center.

Study Design: This was a retrospective, pre-post study.  

Methods: In May 2013, a clinical practice guideline, modeled after 
the 2012 AABB recommendations for RBC use, was implemented 
with the goal of decreasing unnecessary RBC transfusions. This 
was done using a previously developed model for change manage-
ment in the Department of Medicine that included academic safety 
conferences, e-mail safety alerts, and feedback to providers on 
global blood product utilization. Data regarding the utilization of 
RBC products were obtained for the time before the AABB guide-
line, after the AABB guideline but before the local intervention, and 
after the local intervention (January 2011 through March 2014). 

Results: Blood product use started to decline after the AABB 
guideline, but dropped much further after the focused, local 
interventions were implemented. The proportion of patients 
receiving a transfusion decreased from 12.6% prior to the AABB 
guideline to 8.8% after the intervention (P <.001). The percent of 
total blood use with a hemoglobin level above 8 g/dL decreased 
from 20.2% to 12.4%; the total units of RBCs transfused per 100 
discharges also decreased from 33.4 to 21.7. The direct RBC costs 
per discharge dropped from $61.60 to $39.70.

Conclusions: Passive adoption of restrictive transfusion 
guidelines was shown to reduce blood product use on general 
medicine floors of an academic medical center, but the effect was 
greatly improved after a local, targeted intervention to improve 
patient safety was implemented. 
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of 40%.5 Thus, widespread adherence to a restrictive 
transfusion guideline would be expected to result in a 
significant impact on hospital finances through both the 
direct cost savings and the indirect benefits of improved 
patient safety outcomes.

Although clinical guidelines are an important com-
ponent of moving toward value-based care,12 they have 
had a limited effect on changing physician behavior to 
date. Barriers to changing physician behavior include 
a lack of awareness about a guideline, lack of under-
standing about how a guideline applies to a physician’s 
practice, lack of consensus about the importance or 
relevance of a guideline, and its conflict with a phy-
sician’s current routine or training. Furthermore, ad-
herence can be affected by “outcome expectancy,” or 
the belief that following the guideline will not signifi-
cantly impact patient outcomes, and is thus not worth 
implementing into practice. Finally, many physicians 
may lack the resources needed to follow guidelines.13,14 
Educational interventions to increase the adoption of 
guidelines, such as large conferences, small-group in-
teractive sessions, and academic “detailing” have also 
been met with mixed results.14-16

Although the effectiveness of education interven-
tions is unclear, organizations that successfully adopt 
evidence-based practices often have a culture that sup-
ports continuous quality improvement. The purpose of 
this study was to evaluate the impact of the AABB guide-
line and a subsequent education intervention that was 
grounded in continuous quality improvement method-
ology on RBC use at an urban academic medical center.

METHODS
Intervention and Study Design

In May 2013, the Department of Medicine at a large, 
urban academic medical center implemented an edu-
cation intervention to integrate the AABB guidelines 
into practice. The intervention began with a patient 

safety conference for all residents and 
hospitalists. The conference consisted of 
a literature review presented by educa-
tors and an analysis of local practice pat-
terns, and ended with recommendations. 
Following the conference, safety e-mail 
alerts were sent from June to October 
2013, to all physicians, reminding them 
to comply with AABB guidelines when 
ordering transfusions.

This was a retrospective pre-post study 
of all patients who received care from the general medi-
cine units of the academic medical center from January 
1, 2011, to March 31, 2014. To be included in the study 
sample, patients were required to have an attending 
physician within the center’s Department of Medicine. 
Exclusions included patients who received a transfu-
sion outside of a general medicine floor and patients 
with a principal diagnosis of neoplasm. During these 
39 months, 23,368 patients were discharged from gen-
eral medicine floors. Of these discharges, 1894 were di-
agnosed with neoplasms, 1151 had transfusions outside 
of a general medicine floor, 491 had incomplete patient 
demographic information, and 265 had a provider re-
leasing the transfusion outside of the Department of 
Medicine; this left a final sample of 19,567 patients.

Clinical data were retrieved from the organization’s 
electronic health record, and cost data were obtained 
from the organization’s cost accounting system. Insti-
tutional review board approval was obtained prior to 
data collection. Data were separated into 3 time peri-
ods: “Pre-AABB Guideline” was defined as discharges 
occurring between January 1, 2011, and February 28, 
2012; “Pre-Intervention” included discharges occurring 
between March 1, 2012, and May 31, 2013; and “Post-
Intervention” consisted of discharges between June 1, 
2013, and March 31, 2014.

The presence of an RBC transfusion, number of RBC 
transfusions performed with a hemoglobin level above 
8 g/dL, average pre-transfusion hemoglobin concentra-
tion, units of RBCs transfused, RBC units transfused 
above 8 g/dL, and direct cost of RBCs were measured 
in all 3 groups. Total units of blood transfused and units 
transfused with hemoglobin >8 g/dL were expressed as 
units per 100 patient discharges. The direct cost of RBCs 
was reported in 2013 dollars and derived by multiplying 
the units per patient discharge by $183, the average direct 
cost of an RBC unit at our institution in March 2014.

Additionally, sociodemographic characteristics, hos-
pital length of stay (LOS), and diagnosis category were 

Take-Away Points
Although passive adoption of the AABB guideline that recommended a restrictive 
transfusion strategy for red blood cell (RBC) utilization moderately reduced blood 
product use, blood product use decreased significantly following a targeted patient 
safety intervention. 

n	 	 The introduction of national guidelines targeted at reducing unnecessary utiliza-
tion is often not sufficient to change physician behavior.

n	 	 The effectiveness of national guidelines to reduce unnecessary RBC utilization 
could be improved through targeted patient safety initiatives.

n	 	 A patient safety intervention that included a patient safety education conference and 
electronic alerts to supplement the education reduced unnecessary blood product use.
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collected. Diagnosis category was assigned using the 
Clinical Classification System for International Classifica-
tion of Diseases, 9th Revision, Clinical Modification.17

Statistical Analysis
The first part of the analysis included all patients 

discharged from general medicine floors. A χ2 test was 
used to test the association between time period and 
whether a patient received a transfusion. This associa-
tion was also tested through a binary logistic regression 
model controlling for patient age, sex, race/ethnicity, 
diagnosis category, primary payer, and LOS.

The second part of the analysis was limited to pa-
tients who received transfusions. First, a χ2 test was 
used to test the association between time period and 
whether a patient received a transfusion with hemo-
globin >8 g/dL. A 1-way analysis of variance (ANO-
VA) was then used to test the association between time 
period and pre-transfusion hemoglobin concentra-
tion. Only the hemoglobin level prior to the patient’s 
first transfusion was included. A 1-way ANOVA was 
used to test the association between time period and 
the total units of RBCs transfused per 100 patient dis-
charges, the total units of RBCs transfused above 8 g/
dL per 100 patient discharges, and the total direct cost 
of RBCs for the hospital stay. Data were analyzed via 
Microsoft Office Excel 2010 and SPSS Statistical Pack-
age Software, version 15.0 (IBM Analytics, Armonk, 
New York). 

RESULTS
Of the 19,567 patients in the sample, 11.1% received at 

least 1 transfusion. Of these patients, 909 (41.7%) were 
transfused between January 2011 and February 2012 
(Pre-AABB Guideline period), 816 (37.5%) were trans-
fused between March 2012 and May 2013 (Pre-Inter-
vention period), and 453 (20.8%) were transfused from 
June 2013 to March 2013 (Post-Intervention period). 

Analysis Part 1: All Patients Discharged From Gen-
eral Medicine Floors

Overall, the proportion of patients receiving a transfu-
sion decreased over time, falling from 12.6% of patients in 
the Pre-AABB Guideline period to 8.8% of patients in the 
Post-Intervention period (P <.001) (Table 1). Patients in the 
Pre-AABB Guideline and Pre-Intervention periods were 
1.62 and 1.34 times more likely, respectively, to receive a 
transfusion compared with patients in the Post-Interven-
tion period (P <.001) (Table 2).

 Analysis Part 2: All Patients Receiving Transfusions 
on General Medicine Floors

Table 3 describes the subset of patients who received 
at least 1 transfusion during the study period (n = 2178; 
11.1%). The results of the 1-way ANOVA test indicated 
a decline in the total number of RBC units transfused 
per 100 patient discharges, which dropped from 33.4 ± 
5.8 units per 100 patient discharges in the Pre-AABB 
Guideline period to 21.7 ± 6.7 units per 100 patient dis-
charges in the Post-Intervention period (P <.001). 

There was a decrease in the proportion of patients 
receiving a transfusion with hemoglobin >8 g/dL, 
which fell from 20.2% of patients Pre-AABB Guideline 
to 14.8% of patients Pre-Intervention to 12.4% Post-
Intervention (P <.001). This decline translated to an 
overall decrease in average pre-transfusion hemoglo-
bin concentrations across all 3 time periods, decreasing 
from 7.4 ± 1.0 Pre-AABB Guideline to 7.0 ± 1.4 Post-Inter-
vention (P <.001). A decline in the units of blood trans-
fused with hemoglobin >8 g/dL also dropped from 5.9 ± 
3.1 to 2.4 ± 1.6 units per 100 patient discharges throughout 
the study period (P =.004) (Table 3).

A decline in RBC associated cost was also observed. 
The average RBC unit cost per discharge fell from 
$61.60 ± $10.60 Pre-AABB Guideline to $52.60 ± $7.70 
Pre-Intervention, and finally to $39.70 ± $12.3 Post-
Intervention (P <.001 (Table 3). Calculating the RBC 
unit cost difference per patient discharge between the 
Pre-AABB Guideline and Post-Intervention periods 
($21.90) and multiplying by total discharges (19,567), 
we were able to estimate annual savings of $131,851.48 
in RBC acquisition costs.

DISCUSSION
The study aim was to determine whether an educa-

tional intervention to promote the AABB guideline was 
successful in decreasing unnecessary transfusions. The re-
sults suggest that the initial drop in transfusions between 
the Pre-AABB Guideline and Pre-Intervention periods 
may have been due to passive adoption of the AABB 
guidelines. However, the larger drop between the Pre- and 
Post-Intervention periods highlighted the effectiveness of 
an active intervention in further reducing the number of 
transfusions and suggests this targeted approach may has-
ten the adoption of clinical practice guidelines.

The decrease in transfusions among all patients is 
complemented by the analyses conducted on the subset 
of patients who received transfusions. The drop in the 
number of patients receiving a transfusion who had a 
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pre-transfusion hemoglobin concentration greater than 
8 g/dL suggests that physicians were more cognizant of 
the recommended hemoglobin threshold. The decrease in 
the average pre-transfusion hemoglobin levels across all 3 
time periods also supports this conclusion. 

This study demonstrated that a restrictive transfu-
sion strategy will translate into significant cost savings. 
Our estimate of just over $131,000 in savings per year 
was for units that use less than 10% of our institution’s 
total RBC products and excluded the significant in-
direct expense of RBCs, including storage, transpor-
tation, and waste. Most importantly, there are likely 
substantial downstream decreases in hospital-acquired 
complications, mortality, and length of stay from 
adopting a restrictive transfusion strategy. 

The success of this educational intervention pro-
vides insight into how hospitals can facilitate the 
adoption of evidence-based guidelines. Although edu-

n	 Table 1. Descriptive and Bivariate Results, All Internal Medicine Patients (N = 19,567)

Variable
Pre-AABB Guideline

n = 7221
Pre-Intervention

n = 7196
Post-Intervention

n = 5150
P

Age, years: mean ± SD 58.6 ± 18.4 58.2 ± 18.6 58.6 ± 18.2 .445

Gender, n (%) .115

Male 2990 (41.4) 3092 (43.0) 2208 (42.9)

Female 4231 (58.6) 4104 (57.0) 2492 (57.1)

Race, n (%) <.001

Caucasian 2421 (33.5) 2557 (35.3) 1831 (35.6)

African American 3875 (53.7) 3921 (54.5) 2827 (54.9)

Other 925 (12.8) 718 (10.0) 492 (9.6)

Payer, n (%) <.001

Medicare 4230 (58.6) 3945 (54.8) 2743 (53.3)

Medicaid 1471 (19.5) 1743 (22.6) 1245 (24.2)

Commercial 1485 (20.6) 1599 (22.2) 1140 (22.1)

Other 35 (0.5) 26 (0.4) 22 (0.4)

Diagnosis, n (%) <.001

Endocrine, nutritional, metabolic diseases, and 
immunity disorders

2341 (32.4) 2144 (29.8) 1529 (25.4)

Circulatory system 1326 (18.4) 1437 (20.0) 914 (17.7)

Digestive system 536 (7.3) 575 (8.0) 403 (7.8)

Blood/blood-forming organs 584 (8.1%) 590 (8.2) 406 (7.9)

Nervous system/sense organs 423 (5.9) 381 (5.3) 256 (5.0)

Respiratory system 414 (5.7) 413 (5.7) 308 (6.0)

Infectious/parasitic diseases 393 (5.4) 371 (5.2) 254 (4.9)

Mental illness 328 (4.5) 379 (5.3) 276 (5.4)

Other 886 (12.3) 906 (12.6) 804 (15.6)

Length of stay, days: median (25th-75th quartiles) 2.5 (1.3-4.4) 2.6 (1.5-4.9) 2.6 (1.5-4.6) <.001a

Received transfusion, n (%) <.001

Yes 909 (12.6) 816 (11.3) 453 (8.8)

No 6312 (87.4) 6380 (88.7) 4697 (91.2)
aThe Bonferroni post hoc test indicates that there is significance between all 3 time periods at the significance level of P <.001.

n	 Table 2. Results of the Binary Logistic Regression 
Analysis for Transfusiona 

Intercept OR (95% CI) P

Period

Pre-AABB Guideline 1.62 (1.43-1.83) <.001

Pre-Intervention 1.34 (1.19-1.53) <.001

Post-Intervention ref

Area under the curve 0.72

OR, odds ratio; ref, reference.
aThis model controls for age, sex, race, payer, length of stay, and 
diagnosis category. 
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cational conferences, seminars, and reminders have 
shown mixed results in changing physician practice, 
such interventions can be successful when embraced 

by leadership, implemented in a suitable safety cul-
ture, and when they seek maximum physician engage-
ment.12,18 Our local intervention was aided by a strong 

n	 Table 3. Descriptive and Bivariate Results, Internal Medicine Patients Receiving Transfusions (N = 2178)

Variable
Pre-AABB Guideline

n = 909
Pre-Intervention

n = 816
Post-Intervention

n = 453
P

Age, years: mean ± SD 61.8 ± 18.5 60.0 ± 18.9 60.1 ± 18.9 .100

Gender, n (%) .454

Male 394 (43.3) 378 (46.3) 205 (45.3)

Female 515 (56.7) 438 (53.7) 248 (54.7)

Race, n (%) .402

Caucasian 251 (27.6) 232 (28.4) 129 (28.5)

African American 557 (61.3) 499 (61.2) 289 (63.8)

Other 101 (11.1) 85 (10.4) 35 (7.7)

Payer, n (%) .014 

Medicare 625 (68.8) 531 (65.1) 265 (58.5)

Medicaid 162 (17.8) 173 (39.4) 104 (23.7)

Commercial 117 (12.9) 109 (12.4) 81 (17.9)

Other 5 (0.6) 3 (0.4) 3 (0.7)

Diagnosis, n (%) .449

Endocrine, nutritional, metabolic diseases, and immunity 
disorders

273 (30.0) 227 (27.8) 131 (28.9)

Circulatory system 113 (12.4) 119 (14.6) 57 (12.6)

Digestive system 59 (6.5) 47 (5.8) 33 (7.3)

Blood/blood-forming organs 232 (25.5) 219 (26.8) 124 (27.4)

Nervous system/sense organs 11 (1.2) 21 (2.6) 10 (2.2)

Respiratory system 30 (3.3) 21 (2.6) 11 (2.4)

Infectious/parasitic diseases 80 (8.8) 71 (8.7) 28 (6.2)

Mental illness 26 (2.9) 24 (2.9) 9 (2.0)

Other 85 (9.4) 67 (8.2) 50 (11.0)

Length of stay, days: median (25th-75th quartiles) 4.3 (2.2, 9.3) 5.1 (2.5, 9.4) 5.2 (2.6, 11.2) .019a

Patient received transfusion with hemoglobin >8 g/dL, n (%) <.001

Yes 189 (20.2) 124 (14.8) 58 (12.4)

No 747 (79.8) 713 (85.2) 411 (87.6)

Pre-transfusion hemoglobin concentration (g/dL), mean ± SD 7.4 ± 1.0 7.3 ± 1.0 7.0 ± 1.4 <.001b

Units of RBCs transfused per 100 patient discharges, mean 
± SD

33.4 ± 5.8 28.7 ± 4.2 21.7 ± 6.7 <.001c

Units of blood transfused Above 8 g/dL per 100 patient 
discharges, mean ± SD 5.9 ± 3.1 3.7 ± 2.2 2.4 ± 1.6 .004d

Direct cost of RBCs per patient discharges ($), mean ± SDb 61.6 ± 10.6 52.6.0 ± 7.7 39.7± 12.3 <.001e

RBC indicates red blood cell.
aSignificance was found between the Pre-AABB Guideline and Pre-Intervention periods (P <.001) and the Pre-AABB Guideline and Post-Intervention 
periods (P <.001), but no significance was found between the Pre-Intervention and Post-Intervention periods (P = 1.000). 
bSignificance was found between the Pre-AABB Guideline and Pre-Intervention periods (P <.001), the Pre-Intervention and Post-Intervention periods 
(P <.001), and the Pre-AABB Guideline and Post-Intervention periods (P = .002). 
cSignificance was found between the Pre-AABB Guideline and Post-Intervention periods (P <.001) and the Pre-Intervention and Post-Intervention 
periods (P = .010), but no significance was found between the Pre-AABB Guideline and Pre-Intervention periods (P = .088).
dSignificance was found between the Pre-AABB Guideline and Post-Intervention periods (P = .004), but no significance was found between the Pre-
AABB Guideline and Pre-Intervention periods (P = .062) and the Pre-Intervention and Post-Intervention periods (P = .598).
eSignificance was found between the Pre-AABB Guideline and Pre-Intervention periods (P <.001), the Pre-Intervention and Post-Intervention periods 
(P <.001), and Pre-AABB Guideline and Post-Intervention periods (P = .002). 
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commitment to quality improvement and high-value 
care, as well as buy-in from leadership. 

Limitations
There are several limitations in this study. This in-

tervention was studied within 1 department, and the 
intervention’s applicability to other medical centers or 
departments must be considered. This study was con-
ducted at a teaching hospital with resident physicians, 
and it is plausible that its trainees are more likely to adopt 
guidelines because they are early in their career. Further-
more, although the statistical analysis suggests that the 
education intervention was responsible for the greater 
drop in transfusion rates, it is difficult to separate its im-
pact from the global awareness of AABB guidelines in the 
medical community. Finally, it is important to note that 
the transfusion rate also decreased among patients with 
hemoglobin levels below 8 g/dL—an unexpected effect 
considering the education intervention should have only 
reduced the transfusion rate among patients with hemo-
globin levels above 8 g/dL. This may have been due to 
physicians following a stricter guideline for some GI bleed 
patients, where evidence shows an even lower hemoglo-
bin threshold of 7 g/dL to be more appropriate.7,10 

CONCLUSIONS
This analysis provides insight into the effectiveness of 

interventions used to guide physician behavior toward 
evidence-based practices. The results indicate that there 
was a significant decrease in transfusion rates, patients 
receiving transfusions above a hemoglobin level of 8 g/
dL, total units of RBCs transfused, and the cost of RBC 
transfusions across all 3 time periods. Following evidence-
based guidelines can be a crucial step in the transforma-
tion toward value-based care and reducing waste in the 
healthcare system. This study validated a fundamental 
approach to guideline adoption with the goal of improv-
ing patient safety, but also demonstrated the potential for 
cost-savings associated with the achievement of safer care. 
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