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The Choosing Wisely campaign contains more than 
300  recommendations from specialty societies 
addressing the overuse of common tests and proce-

dures. The lists were created to improve health care through 
the avoidance of low-value practices.1 The campaign has 
evolved in order to place a stronger emphasis on implemen-
tation with the development of toolkits and the evaluation of 
clinically meaningful interventions.2 An important recom-
mendation shared by several professional societies is the 
avoidance of transfusions in patients in stable condition for 
arbitrary hemoglobin values.3 In most circumstances (includ-
ing trauma, critical care, anemia in patients with gastrointes-
tinal bleeding whose condition is stable, in the postoperative 
setting and for medical inpatients in stable condition), 
restrictive transfusion practices have been shown to be as 
safe as or safer than liberal transfusions.4–8 An updated 
Cochrane review comparing liberal versus restrictive trans-
fusion strategies showed no increase in mortality or other 
outcomes (e.g.,  myocardial ischemia, length of stay, stroke, 
thromboembolism or infection) with a restrictive strategy, 
and such a strategy decreased the risk of receiving a blood 

transfusion by 43% across a wide range of clinical scenarios.8 
In addition, a restrictive strategy may prevent adverse events 
related to transfusion that are likely underreported outside 
of clinical trials,9 packed red blood cells are expensive and 
indirectly cost about $1200 per unit transfused,10 blood 
products can be a limited resource in smaller centres, and 
packed red blood cells are often overused.8,11–13

At our centre, residents receive teaching about transfusion 
reactions, but the curriculum does not formally address restric-
tive transfusion strategies. The aim of the current study was to 
determine whether the universal mandatory completion of a 
freely available, accredited, online educational module (Bloody 
Easy Lite for Physicians14) could lead to improved trainee 
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Background: Several professional societies have made value-based statements in support of restrictive transfusion strategies. The 
aim of this study was to determine whether completion of an accredited online training program in transfusion safety could improve 
transfusion knowledge among medical residents and increase transfusion appropriateness.

Methods: We performed a controlled before–after evaluation of a mandatory accredited self-directed training program (Bloody Easy 
Lite for Physicians) that provides education about transfusion medicine on a 47-bed medical clinical teaching unit at a university-
affiliated hospital centre in Montréal. The program consists of 2 modules and takes about 30 minutes to complete. We used the 
45-bed medical teaching unit at another Montréal hospital as a contemporary control. We compared resident physicians’ pre- and 
posttest scores and evaluated the impact on transfusion appropriateness by comparing the proportion occurring below a hemoglobin 
concentration of 80 g/L before (April 2013–June 2015) and after (July 2015–January 2016) the intervention.

Results: Of the 55 residents on the intervention unit, 53 (96%) completed the training. The median pretest score was 50% (inter-
quartile range [IQR] 40%–60%). The median posttest score was 90% (IQR 80%–90%) for module 1 and 80% (IQR 80%–90%) for 
module 2 (p < 0.001 for both pre–post comparisons). The proportion of transfusions below 80 g/L increased from 80.1% to 86.9% 
(p = 0.04) on the intervention unit and remained relatively unchanged on the control unit (75.6% v. 71.1%, p = 0.4). Although there 
was no statistically significant difference between the units in the proportion of transfusions below 80 g/L before the intervention 
(p = 0.07), a significant difference was observed after the intervention (p = 0.002).

Interpretation: Mandatory training in transfusion safety via an online program resulted in improved transfusion knowledge among 
residents and an increase in the proportion of transfusions occurring at a hemoglobin concentration below 80 g/L. This low-cost 
educational initiative may improve transfusion appropriateness.
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knowledge of transfusion safety (measured through pre- and 
posttest results) and consequently increase transfusion appro-
priateness (measured by the proportion of transfusions occur-
ring at or below a hemoglobin threshold of 80 g/L).

Methods

Study sites
This study was performed on the medical clinical teaching 
units of the Royal Victoria Hospital (47 beds), where one of 
the authors (T.C.L.) was the medical director of the unit at 
that time. As a comparator, we used the 45-bed medical 
teaching unit at the Montreal General Hospital as a contem-
porary control. These 2 hospitals belong to the McGill Uni-
versity Health Centre, an 832-bed tertiary care centre in 
Montréal. Both medical units admit predominantly acutely ill 
patients who do not require surgery, acute chemotherapy, 
critical care or specialized cardiac care via the emergency 
department. The 2  units care for a similar proportion of 
patients with coronary artery disease, congestive heart failure 
and gastrointestinal hemorrhage. On both units, most transfu-
sions are ordered by the senior resident, with variable direct 
staff oversight, and the blood bank is not involved in deter-
mining the appropriateness of transfusions.

Staffing of clinical teaching units
On the intervention unit, there were 55 residents who rotated 
through the unit, all of whom were included in the interven-
tion. There were also 15 faculty physicians, who were invited 
to complete the training modules. At the control site, there 
were 50  residents, including 13  first-year residents who 
crossed between sites. Seventeen staff physicians attended on 
the control unit.

Intervention
At baseline, all resident physicians in the first 3 years of the 
internal medicine core residency program receive a 1-hour 
session, given every 2 years, on the management of transfu-
sion reactions; however, this session does not emphasize trans-
fusion appropriateness. Beginning on July 1, 2015, in addition 
to the standard 1-hour session, resident physicians who would 
be working on the intervention unit were required to com-
plete an online training program called Bloody Easy Lite for 
Physicians (freely available after registration from the Ontario 
Regional Blood Coordinating Network website [http://belite.
transfusionontario.org/]). Program completion was required 
before the end of the first week of the first rotation on the 
unit. We used administrative support to send the residents up 
to 2 email reminders during their first week on the teaching 
unit. Residents were asked to email the administrator once 
their training was complete. On the intervention unit, medical 
students were also encouraged to complete the program, but 
because they cannot order blood products, they were not 
required to participate. Faculty members attending on the 
intervention unit were also invited to complete the program.

Bloody Easy Lite for Physicians is a standardized, self-
directed learning program accredited by the Royal College of 

Physicians and Surgeons of Canada that provides education 
about transfusion medicine. Sample screenshots are presented 
in Appendix 1 (available at www.cmajopen.ca/content/7/3/
E492/suppl/DC1). Trainees can complete the program on 
their own time, including from home. The learning program 
consists of 2  modules, both of which include a premodule 
knowledge test. Module 1 focuses on the indications for blood 
transfusion and contains subcategories related to pretransfu-
sion testing and transfusion of red blood cells, plasma and 
cryoprecipitate. Specifically related to red blood cells, there 
are sections on transfusion basics, managing acute blood loss, 
anemia in inpatients and transfusion for perioperative 
patients. Trials that are referenced include the Transfusion 
Requirements in Critical Care trial6 and the Transfusion 
Trigger Trial for Functional Outcomes in Cardiovascular 
Patients Undergoing Surgical Hip Fracture Repair.5 Mod-
ule 2 focuses on the diagnosis and management of transfusion 
reactions. Both modules take about 30 minutes to complete 
and are followed by a test and a course evaluation. The entire 
training can be completed in a single session. Posttests consist 
of 10 multiple-choice questions and can be completed imme-
diately after the module or at a later time, at the learner’s dis-
cretion. Pre- and posttesting allow for objective measurement 
of improvement in knowledge, although the posttest can be 
retaken multiple times. Once the learner has successfully 
passed (score ≥ 80% on both tests), he or she can print a cer-
tificate of completion.

Data sources
We obtained transfusion data from the blood bank through 
TRACE LINE (MAK-SYSTEM International Group), a soft-
ware package designed for large hospital transfusion services 
and used in over 80 hospitals in Quebec. Individual transfu-
sions were manually cross-referenced with corresponding pre-
transfusion hemoglobin values through our electronic medical 
record, Oacis (Telus Health). The earliest data available were 
from Apr. 1, 2013. The most recent hemoglobin value up to 
48 hours before transfusion was extracted and used in the adju-
dication of the primary outcome. In the rare cases in which the 
hemoglobin concentration was not measured between 2 or 
more transfused units, we inferred the subsequent pretransfu-
sion hemoglobin concentration by adding 10 g/L to the initial 
pretransfusion value for each unit transfused.

Outcomes
Based on high-quality evidence, the Clinical Practice 
Guideline on red blood cell transfusion from the American 
Association of Blood Banks strongly recommends “adher-
ing to a restrictive transfusion strategy (70 to 80  g/L) in 
hospitalized, stable patients.”4 In conjunction with Choos-
ing Wisely Canada15 and the Ontario Regional Blood 
Coordinating Network, we decided on a value of 80 g/L or 
more as being a reasonable indicator of potentially inappro-
priate transfusions. Thus, although 80 g/L does not imply a 
clinical threshold for transfusion, we used this value for 
detecting potentially inappropriate transfusions. Secondary 
outcomes were the rates of transfusion per 100 admissions 
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and per 1000 patient days. Tertiary outcomes were trainee 
pre- and posttest scores on the learning module.

Statistical analysis
Based on a previous audit, 70%–75% of transfusions on the 
medical units were occurring at a hemoglobin threshold of less 
than 80 g/L (T.C.L. and E.G.M., unpublished observations, 
2013). In contrast, based on a 2014 audit of packed red blood 
cell transfusion conducted by the Ontario Regional Blood 
Coordinating Network,15 a comparable tertiary care hospital 
in Ontario was able to achieve 80% of transfusions below a 
threshold of 80 g/L. To have 80% power to show an absolute 
difference of 8% in the proportion of transfusions occurring 
below a hemoglobin threshold of 80 g/L, we calculated that 
we would need about 125  transfusions. Given an average of 
25  transfusions per month, we estimated this would take 
6 months and allowed an extra month in case rates were lower 
than expected. We therefore compared outcomes in the 
period before (Apr. 1, 2013, to June 30, 2015) and after 
(July 1, 2015, to Jan. 31, 2016) the intervention. We compared 
proportions using the χ2 test and compared transfusion rates 
using a Z-test of the summary rate difference using inverse 
variance weights. We compared anony mized trainee pre- and 
posttest performance using the paired-sample Wilcoxon test.

Ethics approval
This study was approved by the McGill University Health 
Centre Research Ethics Board.

Results

Of the 55 resident physicians who worked on the intervention 
units, 53 (96%) successfully completed the training. One resi-
dent switched to a different program, and 1 resident was on a 
medical leave of absence during the intervention. Most resi-
dents required 1–2 email reminders to complete the training 

on time. Four (27%) of the 15  faculty physicians completed 
the training. No faculty physician or senior resident at the 
control site completed the training; however, 13 first-year res-
idents at the control site did 1-month rotations at the inter-
vention site at various times during the study (Figure 1). The 
median pretest score was 50% (interquartile range [IQR] 
40%–60%). The median posttest score was 90% (IQR 80%–
90%) for module 1 and 80% (IQR 80%–90%) for module 2 
(p < 0.001 for both pre–post comparisons).

A total of 1410  units of red blood cells were transfused 
over the entire study period. Two patients who received 4 or 
more units of packed red blood cells within a single day for 
major bleeding were excluded from the analysis. The pre- and 
post intervention data for the intervention and control units 
are shown in Table 1. On the intervention unit, the appropri-
ateness of transfusions improved, with the proportion of 
transfusions with a hemoglobin concentration below 80 g/L 
increasing from 80.1% to 86.9% (p  = 0.04), an absolute 
improvement of 6.8%. On the control unit, the proportion 
remained similar (75.6% v. 71.1%, p = 0.4). Before the inter-
vention, there was no statistically significant difference in the 
proportion of transfusions occurring with a hemoglobin con-
centration below 80 g/L between the intervention and control 
units (p  = 0.07); however, following the intervention, there 
was a significant difference (p = 0.002).

In contrast, both population-based transfusion rates were 
significantly lower at both times on the control unit than on 
the intervention unit, and the number of transfusions per 
1000 patient days and per 100  admissions decreased signifi-
cantly over time on the control unit (p < 0.001) but not on the 
intervention unit (p = 0.4 and 0.2, respectively) (Table 1).

Interpretation

In this pragmatic before–after study conducted on our medical 
clinical teaching units, the mandatory completion by residents 

Internal medicine residents at 
control and intervention sites

July 2015
n = 105

Residents rotating
through control site

n = 50

Residents rotating 
through intervention site

n = 55

Senior residents at 
control site

n = 28

Junior residents at 
control site

n = 22

Senior residents at 
intervention site

n = 29

Junior residents at 
intervention site

n = 26

Junior residents who 
worked at both sites

n = 13

Figure 1: Flow diagram showing numbers of residents at the control and intervention sites.
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of a self-directed learning program that provides education 
about transfusion medicine was associated with an absolute 
improvement of 6.8% in appropriate transfusions based on a 
hemoglobin threshold of 80 g/L. Uptake of the training pro-
gram was nearly complete (96%), and transfusion knowledge, 
as evidenced by standardized posttest performance, was greatly 
improved over pretest performance. The only cost associated 
with this intervention was about 60 minutes of the residents’ 
time, often outside of normal working hours. House staff time 
is valuable beyond monetary considerations, and so it is 
important to recognize that this time was spent in participat-
ing in an effective, relevant and accredited educational activity.

On the intervention unit, 2 population-based metrics — 
transfusions per 100  admissions and transfusions per 
1000 patient days — did not capture the increase seen in the 
proportion of appropriate transfusions. Both these metrics 
decreased on the control unit. Population-based metrics mea-
sure the rates of transfusion; however, this may not reflect 
transfusion appropriateness when trying to compare units or 
sites, particularly where patient populations may differ in the 
need for appropriate transfusions. This is important to keep in 
mind when designing future quality-improvement initiatives in 
this area. For example, in our study, although the overall demo-
graphic characteristics of the 2 units were similar, the number 
of patients with hematological malignant disorders was higher 
on the intervention unit than on the control unit, and the dif-
ference has continued to increase since hospital restructuring in 
April 2015. This population requires a large number of transfu-
sions, many of which would be appropriate; hence, higher 
numbers of such patients on the intervention unit would result 
in higher population-based transfusion rates on the unit despite 
an improvement in transfusion appropriateness and a reduction 
in overall use on the control site without a corresponding 
change in appropriateness. The pros and cons of various mea-
sures of transfusion use are presented in Appendix 2 (available 
at www.cmajopen.ca/content/7/3/E492/suppl/DC1).

There have been several publications involving traditional 
educational interventions to improve transfusion appropriate-
ness, ranging from frequent verbal presentations to more for-
mal behavioural interventions.16–19 These have had mixed 
results depending on the training personnel, clinical champions 
and specific curriculum used. Our use of an online training pro-
gram that can be accessed from home remains relatively novel. 
A recent meta-analysis of behaviour modification interventions 
(including protocols, education, electronic medical record 
alerts, audit and feedback, and policy interventions) to optimize 
red blood cell transfusion practices showed that use of an inter-
vention decreased the pooled odds of inappropriate transfusion 
(pooled odds ratio 0.46, 95% confidence interval 0.36–0.59).20 
The authors of the meta-analysis noted that no study to date 
had examined the cost-effectiveness of such interventions.

In many studies, multimodal interventions, especially the 
subsequent addition of computerized decision support at the 
time of ordering a transfusion, led to even further reductions, 
which suggest that this pairing is more effective than educa-
tional efforts alone.16–18,21 However, at our institution, we cur-
rently have no means of implementing such computerized 
decision support, although some degree of decision support 
could be introduced into paper-based systems with standard-
ized transfusion order forms.22 Importantly, we tested this 
intervention on a medical unit where most patients are acutely 
ill, have a variety of diagnoses and comorbidities, and often 
require transfusions. If potentially inappropriate transfusions 
can be limited in this environment, training may prove effec-
tive in other inpatient settings as well.

Limitations
A major limitation of our study is that it was a nonrandomized 
before–after study at a single academic health centre on a med-
ical teaching unit. Clearly, the external validity needs to be 
considered, particularly as applies to centres with more exten-
sive preexisting transfusion education, on surgical or critical 

Table 1: Proportion of transfusions below a hemoglobin threshold of 80 g/L and population-based 
transfusion rates on the control and intervention units before and after the training intervention

Variable

Control site Intervention site

Before After p value Before After p value

No. of transfusions 455 90 – 689 176 –

No. (%) of transfusions 
with hemoglobin 
concentration < 80 g/L*

344 (75.6) 64 (71.1) 0.4 552 (80.1) 153 (86.9)§ 0.04

No. of patient days 36 678 10 774 – 40 454 11 149 –

No. of admissions 2873 851 – 3829 1101 –

No. of transfusions per 
1000 patient days†

12.4 8.4 < 0.001 17.0§ 15.8§ 0.4

No. of transfusions per 
100 admissions†

15.8 10.6 < 0.001 18.0¶ 16.0§ 0.2

*χ2 test.
†Z-test of the rate difference with inverse variance weights.
§p < 0.005 for comparison to control site during the same period.
¶p = 0.03 for comparison to other site during the same period. 
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care units, or in nonteaching centres. Before–after studies also 
have methodological limitations that can raise concerns for 
internal validity. The use of a contemporary control medical 
teaching unit does help strengthen our conclusions, and our 
primary outcome metric is easily obtained and relatively inde-
pendent of patient volume or case-mix. Although several 
junior residents rotated through both sites and completed the 
training, there was no contamination of the senior residents or 
faculty physicians. Importantly, any effect of junior resident 
contamination would have biased the results toward the null 
hypothesis and led to an underestimate of any effects. As with 
many educational interventions, there is a concern that the 
effect may wane with time. In the long term, we will be pro-
viding report cards, both by ordering physician (resident and 
most responsible faculty physician) and by unit, with the pro-
portion of transfusions under 80 g/L compared to the overall 
institutional target of 80%. Finally, it should be cautioned that 
the measure of transfusion with a hemoglobin threshold of 
80 g/L is a proxy for appropriateness, which itself is a process 
outcome. Improvements in transfusion appropriateness may 
not necessarily translate into reductions in harder outcomes 
such as transfusion-associated adverse events, and, in turn, 
these are too rare for a study of this size to detect.

Conclusion
Interventions to improve the appropriateness of packed red 
blood cell transfusion are necessary and could have an impor-
tant impact if deployed broadly and early on in a physician’s 
training. An online training program that is widely available, 
accredited and inexpensive presents a very promising option. If 
implemented at a more central level, this type of online learn-
ing module could be applied systematically across a training 
program or institution, thereby promoting change and reach-
ing a larger and broader audience than might be achieved with 
monthly unit-based teaching sessions, grand rounds or specific 
educational campaigns. Subsequent studies are needed to eval-
uate this educational initiative in a broader context. Given the 
promising findings of the present study, in June 2019 our insti-
tution will mandate Bloody Easy Lite training for all postgrad-
uate trainees who can order blood transfusions. Such prag-
matic interventions provide promise for directed learning as a 
means of turning value-based avoidance statements into mean-
ingful advances in high-value health care.
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