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ABSTRACT

Objective: To assess the impact of behaviour modification interventions to promote restrictive
red blood cell (RBC) transfusion practices.

Design: Systematic review and meta-analysis.

Setting, participants, interventions: MEDLINE, PubMed, EMBASE, Cochrane Central
Registry of Controlled Trials, CINAHL, Cochrane Database of Systematic Reviews, and HTA
database were searched to May 2016. Published randomized controlled trials or non-randomized
studies examining an intervention to modify healthcare providers’ RBC transfusion practice in
any healthcare setting were included.

Primary and secondary outcomes: The primary outcome was the proportion of patients
transfused. Secondary outcomes included the proportion of inappropriate transfusions, RBC units
transfused per patient, in-hospital mortality, length of stay (LOS), pre-transfusion hemoglobin,
and healthcare costs. Meta-analysis was conducted using a random-effects model and meta-
regression was performed in cases of moderate to high heterogeneity. Publication bias was
assessed by Begg’s funnel plot.

Results: Seventy-five low to moderate quality studies were included: 31 evaluated a single
intervention and 44 examined a multi-modal intervention. In all studies, an intervention was
compared to standard of care or historical controls. Use of any intervention was associated with
reductions in the odds of transfusion (OR: 0.63 [95% CI 0.56—0.71]), odds of inappropriate
transfusion (OR: 0.46 [95% CI 0.36—0.59]), RBC units/patient (WMD: -0.50 units [95% CI -
0.85—0.16]), LOS (WMD: -1.14 days [95% CI -2.12—0.16]), and pre-transfusion hemoglobin (-
0.28 g/dL [95% CI -0.48—-0.08]). There was no difference in the pooled odds of mortality (OR:

0.90 [95% C1 0.80—1.02]). Protocol/algorithm and multi-modal interventions were associated
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with the greatest decreases in the odds of transfusion. High heterogeneity was observed in all
estimates and there was evidence for publication bias.

Conclusions: Most interventions to modify RBC transfusion practices were effective. However,
the majority of studies were non-randomized, before and after studies. High-quality randomized
trials are required to confirm effectiveness and cost-effectiveness of interventions.

Registration: PROSPERO 2015:CRD42015024757
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STRENGTHS AND LIMITATIONS OF STUDY

e In this systematic review and meta-analysis, 75 studies examining single and multi-modal
interventions to modify red blood cell transfusion practices were identified.

e This is the most comprehensive systematic review and the first meta-analysis of these
interventions to date.

e Included studies were of low to moderate quality and most were designed as non-
randomized, before and after studies.

e No studies examined the comparative effectiveness between behaviour modification
interventions, nor the cost-effectiveness of interventions.

e There was significant statistical heterogeneity and evidence for publication bias.
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INTRODUCTION

Blood and blood products, such as red blood cells (RBC), are scarce and expensive health
resources that must be managed carefully to ensure judicious use and availability for those most
in need of transfusions.' Beyond blood conservation, transfusion safety and reducing the adverse
events associated with transfusion must be considered. RBC transfusions have been associated
with increased risk of infections, acute transfusion reactions, and, in certain cases, mortality.z'4
High-quality evidence has accumulated over the past two decades in support of reducing patient
exposure to RBC transfusions, through the adoption of more restrictive RBC transfusion
thresholds.” A number of guidelines, such as those most recently released by the AABB
(formerly the American Association of Blood Banks),'” have also recommended against
transfusion if hemoglobin levels are above 7 g/dL to 8 g/dL for most patients groups.

It is well documented that publication of such evidence alone is insufficient for affecting
change."" Clinical practice is influenced by a myriad of social, cultural, and environmental
factors that are not necessarily considered in guidelines.'* Concerted change management efforts
are, therefore, commonly undertaken to actively address these factors in order to implement
recommended guidelines and achieve the desired practice change.

Interventions to specifically modify provider transfusion practices, such as education,
audit and feedback, and computerized or paper order entry systems, have been described in prior

. 1314
studies.

Previous systematic reviews have examined the impact of these interventions on
transfusion practices for various blood components (e.g. RBCs, fresh frozen plasma, platelets,
cryoprecipitate). The findings of these syntheses report variability in outcomes—including a
paucity of economic outcomes—and limitations in both the quality of evidence and breadth of

13-15
d.

interventions examine With the exception of one systematic review published in 2015 that
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exclusively focused on the impacts of electronic decision support,'® these previous reviews are
dated (last published in 2005)."* **

Therefore, a de novo systematic review synthesizing the current literature in this area,
concentrating on all behaviour modification interventions targeting RBC transfusion practices, is
useful as healthcare organizations respond to meet recent RBC transfusion guideline
recommendations. The objective of this study was to determine the effectiveness of behaviour
modification interventions that change RBC transfusion practices, specifically, the effects of
interventions on the proportion of patients transfused, as well as patient and healthcare system

outcomes.
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MATERIALS AND METHODS

A systematic review of the published literature was completed in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA;
Supplementary File 1)."® The protocol for this systematic review is registered on the PROSPERO
website (2015:CRD42015024757; Supplementary File 2)."”
Search Strategy

The electronic search strategy was developed by an Information Specialist (DLL).
MEDLINE, PubMed, EMBASE, the Cochrane Central Registry of Controlled Trials, the
Cumulative Index to Nursing and Allied Health, the Cochrane Database of Systematic Reviews
and the Health Technology Assessment database were searched from inception to May 11, 2016.
A sample search strategy is available in Supplementary File 3. Animal studies, case reports,
comments, editorials, and letters were excluded; no other limitations were applied. The
references lists of identified systematic reviews were also hand-searched for relevant articles not
found through database searches.
Selection of Literature

Studies were included if they: reported original data; examined the impact of a behaviour
modification intervention on healthcare provider RBC transfusion practices; had a comparator
group (e.g. no intervention or another intervention); and were designed as either a randomized
controlled trial (RCT) or non-randomized study. A non-randomized study involves the selection
of groups each exposed to a different intervention without random assignment.'® ' Common
non-randomized designs in behaviour modification studies include non-randomized trials (also
referred to as between subjects or between group trials), time series studies, and uncontrolled and

19 20

controlled before and after studies. No fixed definition of a behaviour modification
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1

2

2 intervention was applied; thus, any definition used within the included studies was accepted.
5 . . . . . .

6 Included interventions were grouped using an inductive approach based on descriptors and labels
7

8 provided from the studies themselves. Studies were excluded if they did not meet any of the
9

10 above criteria, including if they only assessed transfusion of other blood products (i.e. fresh
1

:g frozen plasma, platelets, cryoprecipitate) and not in conjunction with RBCs. Detailed inclusion
14

15 and exclusion criteria are provided in Supplementary File 4. Abstract and full-text screening
16

17 were completed in duplicate (LJJS; LED; HMH) and any disagreement was resolved through
18

;g discussion and consensus, or through consultation with a third reviewer. Agreement between
21 : .

22 reviewers was calculated using a kappa statistic.

23

24 Data Extraction

25

;? Data extraction was completed in duplicate using a standardized data extraction form
28 .. . .

29 (LJJS and KM). Data on publication date, country, healthcare setting, study design, follow-up
30

31 period, type of intervention and comparator(s) groups, intervention characteristics, RBC

32

33 transfusion criteria, definition of an “inappropriate” transfusion, number of patients treated in
34

22 each group, and the primary outcome of interest (the proportion of patients transfused) were
37

38 extracted. Secondary outcomes, including the proportion of inappropriate transfusions, mean
39

40 RBC units transfused per patient, in-hospital mortality, hospital LOS, pre-transfusion

41

g hemoglobin, and changes in costs (e.g. RBC unit costs) were also extracted where available.
44 .

45 Quality Assessment

46

47 Risk of bias and quality assessments of included studies were completed in duplicate
48

gg (LJJS and KM). The Cochrane Risk of Bias tool was used to evaluate the risk of bias among
51 . . . . .

52 included RCTs.?' Quality of non-randomized studies were assessed using the Downs and Black
53

54 Checklist.” Typically scored out of 28 points, the Downs and Black Checklist was modified
55

56

57

58

59 9
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because several items do not apply to the non-randomized studies (e.g. randomization), thereby
reducing the denominator to 22 for uncontrolled before and after studies, and 23 for controlled

before and after and non-randomized trials.

Data Analysis

Meta-analyses were conducted using a random-effects model. Pooled odds ratio (OR) and
the weighted mean difference (WMD), and their respective 95% confidence intervals (95% CI),
were calculated for categorical and continuous outcomes, respectively. Stratified analyses by
intervention type and study design were completed. Statistical heterogeneity was examined using
both the I? (percentage of total inter-study variation due to heterogeneity rather than chance) and
Q statistic p-value (test of homogeneity). An I? greater than 50% was considered as evidence for
significant heterogeneity.” In cases of moderate to high heterogeneity, random effects meta-
regression was performed with the year of publication, the number of interventions per study,
having a multi-modal intervention, a study setting in a single unit or clinical service, follow-up
period (greater than 1 year), and each of the identified intervention types as covariates. A
regression coefficient with a p<0.10 was considered a significant predictor of the outcome.
Publication bias was examined using Begg’s funnel plot and Egger’s regression test. In the case
of funnel plot asymmetry, the trim-and-fill method was used to impute estimates from potentially
suppressed publications. This method assumes that studies that do not demonstrate a desired
effect (e.g. decrease in proportion transfused) were not likely published **. All statistical analyses

were completed using Stata/IC 13.1.

RESULTS

Search Results

10
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The flow chart of included studies is provided in Figure 1. Four-thousand six-hundred
and sixty-one unique abstracts were identified, of which 236 proceeded to full-text review. Three

13-15 \vere hand-searched and 12 additional relevant studies were identified.

systematic reviews
One hundred and seventy-three studies were excluded during full-text review, resulting in 75
articles included in the final analysis (Kappa = 87.6%, 95% CI 81.3-93.9%)).
Characteristics of Included Studies

The characteristics of included studies are summarized in Supplementary File 5. The 75

included articles were comprised of 74 unique study populations, as two articles® *°

reported
different outcomes for the same population. In addition, one article’’ reported outcomes from
two unique study studies; thus, the non-overlapping findings from both studies were included.
The included studies were published between 1983 and 2016,%" with the majority of studies
conducted in the United States (n=46). Only 3 studies were RCTs;?" % the remaining 72 were
non-randomized studies, specifically uncontrolled before and after (n=66);*>=" 2%-3! 3493
controlled before and after (n=2);* ** and non-randomized trial (n=4)****** designs.

In all cases, an intervention was compared to either historical controls or standard of care.
Most studies were conducted in a single acute care facility, often an academic hospital. Follow-
up periods varied considerably from 2 weeks’ to 6 years®' post-intervention. Targeted
populations included primarily physicians (e.g. intensivists, anesthesiologists, surgeons) ordering
RBC transfusions, as well as medical trainees (e.g. residents), other healthcare providers (e.g.
nurses), and hospital staff (e.g. hospital laboratory and blood bank technologists) involved in the
care of patients receiving transfusions. The unit of intervention was the individual healthcare

provider, ward or unit, or institution (i.e. not patients themselves).

Types of interventions

11
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The effectiveness of either a single (n=31) or multiple interventions (n=44) in

combination (referred to as multi-modal interventions) was evaluated. The following single

.3371-77 96
9);

intervention categories were identified: education sessions or materials (n= protocols

.303281-85 .78-8097
7); 4);

or algorithms (n= guidelines (n= computerized physician order entry (CPOE)
systems and decision support (n=4);*" *”*’ reminders (n=2);”° > audit and feedback (n=2);"' **
audit approval (n=2);"**3 and a clinical policy (n=1).%¢ Descriptions of each, along with examples
from the included studies, are provided in Table 1.

Multi-modal interventions included between 2 and 5 strategies, applied concurrently or

in sequence. Combinations of multi-modal interventions are summarized in Supplementary File

6. The interventions most commonly included in multi-modal interventions were: education

_ .25-29 31 34 35 40-44 46-48 50-53 55-57 59-61 63 65-68 94 .27 3135373843 46-49 51 52 54 55 57 59
(n=31); 22);

guidelines (n=
60636466679 41 4 audit and feedback (n=20).25 2931373942 4548 50-53 59 60 6264 68 g 1o 16 modlal

interventions applied additional interventions not examined among the single intervention

5459 62 64
n=4),

studies, including paper order forms ( retrospective or prospective audit (n=6),%’ **

49356670 and financial incentives (n=1).%
Quality of Included Studies

All three RCTs?*” *** incorporated study elements that were deemed to be of high, low,
and unclear risk of bias (Supplementary File 7). Due to the nature of the interventions, treatment
allocation was not concealed, nor could the participants, personnel, or outcome assessors be
blinded; thus, risk of bias was consistently high in these areas. In contrast, risk of bias was low
across all studies with respect to both attrition and reporting bias.

The majority of non-randomized studies (n=54) were of moderate quality, where quality

2835374044 45497279 83 94 96

assessment scores ranged from 12-15; twelve studies were of low

12
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quality (scores from 0-11) and no studies were deemed to be of high quality (score > 17)
(Supplementary File 8). Most studies were found to have low scores due to poor reporting (Q1-
Q10), particularly of the characteristics of the targeted population and distribution of principal
confounders. External validity (Q11 and Q13) was moderate for most studies; however, Q12 (i.e.
subjects prepared to participate representative of the entire population) was deemed “unable to
determine” for all studies. The internal validity was low to moderate across studies (Q16 to
Q26). Adequate adjustment for confounding (Q25) and whether losses to follow-up were taken
into account (Q26) were also deemed “unable to determine” for all studies.
Impact of Behaviour Modification Interventions on RBC Usage and Patient Outcomes

A summary of the pooled analyses is provided in Table 2. The primary outcome, the
proportion of patients transfused, was reported in 29 studies. Patients treated in the intervention
group were at least 29% less likely to receive a transfusion compared to those treated in the
control group (pooled OR: 0.63 [95% CI: 0.56 to 0.71]; n=29) (Figure 2; Table 2). There was
strong evidence of heterogeneity (I*= 90%, Q-statistic p=0.00), although this was not apparent
upon visual inspection as a number of studies crossed the null value. Sorting studies by year of

28 80

publication showed that, with the exception of the two earliest studies,”™ "~ the associated

decrease in the odds of transfusion was fairly consistent over time (Supplementary File 9).

All 29 studies included in this analysis were non-randomized studies. A stratified analysis

by non-randomized study design (Supplementary File 10) revealed high subgroup heterogeneity
between the uncontrolled before and after studies (I’= 89.0%, p=0.00). However, the variability
between the two non-randomized trials was much lower (Iz= 18.7%) was likely due to chance

alone (i.e. not due to heterogeneity) (Q-statistic p=0.267), suggesting that differences in study

13
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design might have contributed to some of the observed heterogeneity in the crude pooled
estimate.

Further, stratification by intervention category revealed that differences in techniques
across studies might have also contributed to study heterogeneity (Figure 2; Table 2). Among
these interventions, the use of a protocol or algorithm (pooled OR: 0.34 [95% CI: 0.19 to 0.60];
n=3) and a multi-modal intervention (pooled OR: 0.63 [95% CI: 0.54 to 0.74]; n=16) were
associated with significantly decreased odds of patients being transfused. CPOE and decision
support,®® audit approval,” and policy interventions® were also associated with decreases in the
odds of transfusion to a lesser degree; these point estimates, however, were derived from a single
study in each subgroup (Figure 2; Table 2). No significant differences were observed between
groups following the use of education (pooled OR: 0.74 [94% CI: 0.44 to 1.24]; n=3) and
guidelines (pooled OR: 0.17 [95% CI: 0.01-3.15]; n=3), or reminders (OR: 1.51 [95%: 0.86-
2.66]; n=1).

Among secondary outcomes (Table 2; Supplementary Files 11-15), use of any
intervention was associated with a decreased odds of inappropriate transfusion (pooled OR: 0.46
[95% CI: 0.36 to 0.59; = 97.6%, Q-statistic p=0.00; n=11), commonly defined as a transfusion
initiated at a pre-transfusion hemoglobin above 7 g/dL to 9 g/dL. The mean RBC units transfused
per patient (WMD: -0.50 units [95% CI: -0.85 to -0.16]; I’=99.8%, Q-statistic p=0.00; n=12)
and mean patient LOS (WMD: -1.14 days [95% CI: -2.12 to -0.16]; I’= 82.2%, Q-statistic
p=0.00; n=8) also decreased following the use of an intervention (Table 2). The change in mean
pre-transfusion hemoglobin level was only examined among studies of multi-modal interventions
and was associated with a WMD of -0.28 g/dL (95% CI: -0.48 to -0.08; = 95.5%, Q-statistic

p=0.00; n=5).

14
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There was also significant heterogeneity in the pooled analyses of secondary outcomes (I*
ranging from 57.4 to 99.8%). It was unclear whether differences in interventions contributed to
the heterogeneity, as stratification by intervention category left many subgroups with only one
study; this precluded calculation of all subgroup I* values (Supplementary Files 11-15). Single
modality interventions were associated with greater impacts on RBC usage, compared to multi-
modality interventions (Table 2). Specifically, implementation of a guideline in one study
resulted in the lowest odds of inappropriate transfusion (OR: 0.07 (95% CI: 0.02 to 0.19) and the
greatest decrease in mean RBC units transfused (WMD: -1.42 units [95% CI: -1.67 to -1.17]).%°
Another study examining a treatment algorithm reported the largest decrease in hospital LOS,
however there was marked variability in this estimate (WMD: -6.30 days [95% CI: -14.43 to
1.83]).>* A significant increase in the odds of inappropriate transfusion (OR: 1.74 [95% CI: 1.39-
2.19]) was observed following audit and feedback in one study.”!

There was no significant difference in the odds of in-hospital mortality (pooled OR: 0.90
(95% CI: 0.80 to 1.02; I’= 57.4%, Q-statistic p=0.001; n=19) (Table 2). The stratified meta-
analysis (by intervention type) suggested that the observed heterogeneity in the pooled estimate
was likely attributed to the variability in interventions examined across studies (Supplementary
File 15).

Potential Predictors of RBC Usage

Studies published on or after 1995, the year in which evidence of efficacy and safety of
restrictive transfusion practices were first published,” were included in the meta-regression. The
year of publication, number of interventions, having a multi-modal intervention, a single unit or
clinical service setting, follow-up greater than 1 year, and the individual component interventions

in a given study were not identified as significant predictors of RBC transfusion (Supplementary
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File 16). For the remaining outcomes, small study sample sizes (n<10 studies) precluded meta-
regression.'®
Publication bias

Evidence for publication bias among included studies (open circle symbols) was
indicated by the asymmetry in the funnel plot (Figure 3) and Egger’s regression test (p=0.006).
Eight studies were imputed using the trim-and-fill method (square with circle symbols) resulting
in a pooled OR of 0.765 (95% CI: 0.598 to 0.979) for the primary outcome of patients being

transfused. This suggests that studies of smaller patient sample size, reporting an increased

likelihood of transfusion post-intervention, may have been suppressed from publication.

DISCUSSION

Efforts to modify transfusion practices are not novel and have been described
internationally for over four decades. We identified 75 studies, primarily non-randomized studies
of low to moderate quality, examining the impact of a behaviour modification intervention,
compared to no intervention, on RBC transfusion practices. Among single modality interventions
examined, eight categories were identified: education, protocol/algorithm, guidelines, CPOE and
decision support, reminders, audit and feedback, audit approval, and clinical policy. The majority
of studies used multi-modal interventions. Most studies reported reduced RBC use and
improvements in patient and system outcomes, regardless of the intervention or combination of
interventions. The pooled odds ratio of patients being transfused decreased by at least 29% and,
on average, patients received 0.50 fewer RBC units post-intervention. The pooled average pre-
transfusion hemoglobin levels also decreased by 0.28 g/dL and the proportion of inappropriate

transfusion (above a hemoglobin of 7 g/dL to 9 g/dL) decreased by approximately 40%. As

16
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expected, given the increasing body of evidence suggesting similar safety profiles between
restrictive and liberal transfusion practices,' there was no effect on in-hospital mortality. Among
all interventions examined, the protocol/algorithm and multi-modal interventions were associated
with the greatest decreases in the odds of transfusion.

The present study represents the most up-to-date collection of published literature and the
first meta-analysis of interventional studies in this field. Therefore, the analytical investigations
performed in our study represent a substantial and novel contribution to the existing knowledge
of how to achieve restricted RBC transfusion practices. Across all pooled estimates we observed
significant statistical heterogeneity, which was only partly attributed to the variability between
interventions. Context-specific factors, not easily discernable from the available evidence, are
also likely contributing to the observed heterogeneity among included studies. These may
include variability in physician experience, clinical practice or flow, perceived ease of an

101 Work from the audit and

intervention, and/or organizational capacity or receptivity for change.
feedback literature—which is among the most extensive in the area of behaviour modification
interventions—has also reported variability in effect size of the intervention based on differences
in baseline performance of the targeted behaviour as well as nuances in delivery of the
intervention (i.e. how feedback is provided).'” Collectively, this information suggests that the
decision to adopt a given intervention should, therefore, not only consider evidence of
effectiveness, but also the factors related to the context and implementation. For instance, a
labour-intensive intervention such as a CPOE and decision support system will be more feasible
and efficient to implement in a setting with electronic ordering systems already in place, rather

than in a one without. Explicit methodology to first identify relevant determinants to change and

selection of an intervention(s) to address such determinants, such as through theory-based
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frameworks, might prove useful in tailoring an appropriate intervention to a given clinical
setting.'”* '™
Our findings are consistent with the evidence from the broader knowledge translation

1.'% identified

literature.'® In one of the most comprehensive systematic reviews, Grimshaw et a
over 200 studies examining the impact of interventions on a wide range of healthcare provider
behaviours and settings. The authors identified a similar array of interventions (e.g. education,
audit and feedback, reminders) that were all were effective to varying degrees, and their
observed effectiveness was not associated with the number of interventions implemented within
a given study.'” The results of our meta-regression analysis further support that a multi-modal
intervention and the number of component interventions are not predictive of the effectiveness of
the interventions.

Our results are also in line with the qualitative findings of previous systematic reviews of

13-15 1dentified interventions were

interventions to modify transfusion practices more broadly.
similarly found to be effective at reducing transfusion use, however the previous reviews were
unable to comment on their comparative effectiveness due to the dearth of direct comparisons

between intervention types and reported heterogeneity among studies.' ™

With our updated
review of the literature, meta-analysis was feasible given the high prevalence of common study
designs, as well as frequent reporting of our primary and secondary outcomes. While the
comparator groups among included studies were also restricted to historical controls or standard
of care, our stratified meta-analyses still enabled crude comparisons of effectiveness between

interventions.

Limitations
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The majority of included studies were non-randomized studies of low to moderate quality

and susceptible to bias. For example, most studies employed an uncontrolled before and after

study design and, in the absence of a concomitant control group, these studies were at high risk

of bias due to both secular trends and maturation bias.'%

studies can also be susceptible to selection bias." In addition, we found limited to no reporting of

Due to the lack of randomization, such

participant characteristics and it is unclear whether and to what extent these characteristics led to

confounding of the reported outcomes. The non-randomized studies were also deemed to have
moderate external validity, thus generalizability of findings across all clinical settings and/or
international healthcare systems is unclear.

Our stratified meta-analysis resulted in very limited number of studies (or even one
study) often of moderate quality, in many of the single modality subgroups. This limited our
ability to make inferences of comparative effectiveness across all intervention types and
precluded our ability perform further statistical techniques, such as network meta-analysis.'"’
While meta-regression was permitted for the primary outcome, similar analyses were
underpowered for the remaining outcomes (n<10 studies). Finally, the findings from our meta-
analyses must be interpreted with caution given the evidence for publication bias. Previous
reviews similarly suggested of publication bias among earlier included studies due to the
tendency of outcomes to favour the intervention group.” **

Given such limitations of the non-randomized studies, particularly the uncontrolled
before and after studies, and meta-analytic efforts, it is difficult to state with certainty which

intervention is the most effective at modifying RBC transfusion practice.

Future Research
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Further comparative effectiveness studies, designed as large, high-quality RCTs are
recommended to determine the effectiveness of the present interventions. However, the
prevalence of low to moderate quality non-randomized studies included in this present review
may indicate the logistical difficulty in evaluating these interventions through such trials. As
such, pragmatic trial designs may be considered to aid in balancing issues of feasibility with
methodological rigor.'”® Also, none of the included studies evaluated the effectiveness of a
behaviour modification intervention to that of another behaviour modification intervention (of
either single or multi-modality). Such direct comparisons would not only aid in confirming
effectiveness of interventions, but also help determine the comparative effectiveness of
interventions. In the case of multi-modal interventions, further research should also attempt to
address which elements of the intervention are key to affecting the desired change. This
information may better and more appropriately advise healthcare organizations seeking to
implement the most effective behaviour modification intervention.

Lastly, we did not identify any studies that performed a concomitant economic

evaluation. This information is critical to selecting an intervention that is also efficient within a

given healthcare budget. Eleven of the included studies did report of changes in healthcare costs,

primarily cost savings in RBC usage, following either a single or multi-modal intervention.
460366 TLTTISS 9 Only one study factored in the cost of implementing the intervention into their
estimate, resulting in a relatively modest savings.*® Given the often costly, labour-intensive
nature of many interventions, future cost-effectiveness studies should include the cost of

implementation to determine whether true savings are realized from a given intervention.

CONCLUSIONS
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We found a large body of literature that suggests that the majority of behaviour
modification interventions are safe and effective at modifying RBC transfusion practices. The
types of interventions are diverse—including single and multi-modality interventions—and the
quality of studies was low to moderate. The protocol or algorithm and multi-modal interventions
were associated with the greatest reductions in RBC transfusion. These results must be
interpreted with caution due to the prevalence of uncontrolled before and after studies, extensive
statistical heterogeneity, limited study sample size within intervention groups, and evidence for
publication bias. Given these limitations, further large, high-quality randomized trials are
required to not only confirm, but also directly compare effectiveness and cost-effectiveness of
different types of behaviour modification interventions. This shift in the field from simply
understanding “does it work”, towards investigating “what works best” and “at what cost” is

required as healthcare organizations respond to meet the transfusion guideline recommendations.
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Figure 1. PRISMA Flow Diagram of Included Studies
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Figure 2. Forest Plot of Odds of Patients Being Transfused

Intervention Control %
Author Year No. Total No. Total OR (95% CI) Weight
T
Multi-modal Intervention _.I_l
Annan 2013 25 100 40 104 0.53(0.29,0.97) 244
Baer 2011 449 3444 622 3303 [ 0.65 (0.57,0.74) 5.35
Brandt 2009 160 477 190 413 -> 0.59 (0.45,0.78) 4.48
Butler 2015 29 38 24 28 _"-T— 0.54 (0.15,1.96) 0.79
Eindhoven 2005 26 186 75 186 - 0.24 (0.14, 0.40) 2.91
Garrioch 2004 254 461 316 630 e 1.22(0.96, 1.55) 4.69
Geissler 2015 886 1644 849 1533 L] 0.94 (0.82,1.08) 5.31
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King 2013 396 4808 615 4733 L 0.60 (0.53,0.69) 5.35
Leahy 2014 2098 69920 1875 57327 [ 0.91 (0.86, 0.97) 5.61
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Mahar 2013 1738 20212 1710 19288 L] 0.97 (0.90, 1.04) 5.60
Rana 2006 198 403 281 440 -> | 0.55(0.41,0.72) 4.44
Spencer 2005 18 45 45 63 — 0.27 (0.12,0.60) 1.66
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Subtotal (I-squared = 91.5%, p = 0.000) O 0.63 (0.54, 0.74) 63.04
. I
Education !
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. 1
Protocol or Algorithm 1
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. 1
CPOE and Decision Support !
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Subtotal (l-squared =.%, p =.) :O 0.82(0.69,0.97) 5.16
Reminders :
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Subtotal (l-squared =.%, p =.) \ F 1.51 (0.86, 2.66) 2.62
1
Audit Approval !
Politsmakher 2013 2413 37082 3058 35348 ) 0.73 (0.70, 0.78) 5.63
Subtotal (I-squared =.%, p =.) :' 0.73 (0.70,0.78) 5.63
. 1
Policy 1
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Figure 3. Filled Funnel Plot with Pseudo 95% Confidence Limits
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Table 1. Categories of Single and Multi-modal Behavior Modification Interventions

Description of Techniques

Examples from Included Studies

Education
Educational materials or group sessions to disseminate:
a) Specific medical evidence, such as etiology and
pathophysiology of anaemia, indications for transfusion,
risks of RBC transfusions, and other evidence from
relevant trials (e.g. TRICC trial).; or
b) Compiled materials or recommendations from
clinical practice guidelines, transfusion protocols or
algorithms.

Formal didactic group sessions

Adaptation of existing departmental or institutional rounds
sessions or clinical staff meetings

One-on-one training sessions

Printed education materials distributed to participants or
displayed in clinical settings (e.g. graphics and posters)

Protocol or Algorithm
Document with a comprehensive outline of steps and
detailed criteria to follow for the treatment of specific
patient groups or clinical setting; considered more rigid
or specific than guidelines.

Visual map or flow chart depicting clinical scenarios for
management of anaemia

Clinical protocols to manage hemorrhaging

Patient blood management protocol with indications for
RBC transfusions

Guideline
Development and/or adoption of evidence-based clinical
practice guidelines (i.e. statements that include
recommendations) intended to optimize care of patients.

De novo institutional guidelines for RBC transfusions,
appropriate management of anaemia, or RBC/blood
conservation

Adoption of guidelines developed by other institutions or
expert clinical organizations

Computerized Physician Order Entry (CPOE) and Decision
Support
Electronic order entry system for healthcare providers to
directly enter medication, treatments or other requests
for a patient; the system is programmed to prompt with
alerts (e.g. of guidelines) or other content to support
clinical decision-making.

Replacement of paper orders to electronic system that
consolidates laboratory orders (e.g. RBC orders)
information with other patient chart information

Decision support algorithm incorporated into electronic
order entry of RBC/blood products sent to blood banks or
laboratories

Reminders
Direct notification to healthcare providers of either
institutional clinical criteria, recommended use of
medications or other treatments, or ordering processes.

Paper forms provided when RBC/blood products are issued
reminding healthcare providers of transfusion criteria and
encouraging self-audit of practice

Alerts (electronic or by telephone) to healthcare provider
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when RBC transfusion orders placed outside of specified
clinical indications (e.g. higher hemoglobin level of patient)
or existing guidelines

Audit and Feedback
Process to measure performance of healthcare providers
or patient outcome data over a specified period of time
and to provide a summary (verbal or written) of this
information back to those healthcare providers in order
to reach a specified goal.

Transfusion practices were retrospectively audited and the
ordering healthcare providers were presented with his or
her individual results in the context of the clinical
department as a whole and with other department faculty
anonymized.

Audit Approval
Medication, laboratory, or other treatment orders are
audited and for any not meeting pre-specified
institutional criteria, an approval is required before the
order is approved.

RBC transfusions orders audited by blood bank or
laboratory staff; those placed outside of recommended
criteria were not issued and ordering healthcare providers
were notified that requests were sent directly to
departmental reviewers (e.g. transfusion medicine
specialists) for approval.

Policy RBC ordering policy that enforcing standard blood product
Compulsory clinical and/or administrative directives for ordering schedule and adherence to specific hemoglobin
prescribing of medications, laboratory tests, other triggers.
treatments.

Paper Order Form Healthcare providers required to complete de novo
Mandatory completion of a paper form order specific institutional paper order form for RBC transfusions and
medications, laboratory tests, or other treatments. provide clinical rationale from pre-specified list.

Audit Retrospective review of RBC transfusions orders outside of

Prospective or retrospective review of clinical
performance or patient outcomes; the data is often of
electronically collected.

recommended clinical criteria (e.g. hemoglobin trigger)

Financial Incentive
Provision of financial reward provided to individual or
groups of healthcare providers upon attainment of
specific clinical performance goal.

Group-based financial rewards, scaled based on number of
healthcare providers, were issued if a 20% reduction in the
mean number of RBC transfusions orders per patient-day
compared to the previous year was obtained.
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2 0/
Outcome Multi- . Protocol/ A CPO.E. & . Audit and Audit . P.ooled** I (A.))’.
Measures modal Education Algorithm Guideline Decision | Reminders Feedback Approval Policy Estimate Q-statistic
Support (95% CI) (p value)
Odds of patients
being transfused 0.63 0.74 0.34 0.17 0.82* 1.51* _ 0.73* 0.71* 0.63 90.0%;
(0.54-0.74) | (0.44-1.24) | (0.19-0.60) | (0.01-3.15) | (0.69-0.97) | (0.86-2.66) (0.70-0.78) | (0.53-0.95) | (0.56-0.71) | p=0.0001
(OR, 95% CI)
Odds of patients
being 0.54 0.25* 0.07* 0.13% 1.74% 0.16* 0.46 97.6%;
inappropriately : - : : - : : : - : D70,
transfused (0.41-0.71) (0.16-0.39) | (0.02-0.19) (0.05-0.30) | (1.39-2.19) | (0.07-0.40) (0.36-0.59) | p=0.0001
(OR, 95% CI)
Difference in . . .
RBC units -0.47 -0.13 -1.42 -0.20 -0.50 99.8%:
transfused (-0.88- -- (-0.35- (-1.67- (-0.35- -- -- -- -- (-0.85- p=0.0001
-0.07) 0.09) -1.17) -0.05) -0.16) ’
(WMD, 95% CI)
Odds of patient
in-hospital 0.88 0.88 0.35 B 1.33% 1.15% _ 0.81* B 0.90 57.4%;
mortality (0.74-1.04) | (0.67-1.14) | (0.06-2.20) (1.02-1.73) | (0.51-2.62) (0.73-0.90) (0.80-1.02) | p=0.001
(OR, 95% CI)
Difference in -0.75 -6.30% -3.00%* -1.66* -1.14 83,29
hospital LOS (-1.84- - (-14.43- (-5.74- (-2.80- - - — -- (-2.12- 0 00(31
(WMD, 95% CI) 0.35) 1.83 -0.26) -0.52) -0.16) p=
Difference in
pre-transfusion (_8'4212 ('8"2‘2 95.5%;
Hgb level —0n - - - - - - - - Do =
& -0.08) L0.08) | P=0:0001
(WMD, 95% CI)

OR: odds ratio; WMD: weighted mean difference; *Point estimate derived from a single study; **Pooled estimate from both single

intervention and multi-modal intervention studies.
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> TITLE

13 Title 1 | Identify the report as a systematic review, meta-analysis, or both. 1

}fj‘ ABSTRACT

16 Structured 2 | Provide a structured summary including, as applicable: background; objectives; data sources; 3-4

17 summary study eligibility criteria, participants, and interventions; study appraisal and synthesis methods;

18 results; limitations; conclusions and implications of key findings; systematic review registration

19 number.

20 INTRODUCTION

21

22 Rationale 3 | Describe the rationale for the review in the context of what is already known. 6-7

23 Objectives 4 | Provide an explicit statement of questions being addressed with reference to participants, 7

24 interventions, comparisons, outcomes, and study design (PICOS).

25

26 METHODS

27 Protocol and 5 | Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), and, if 8

28 registration available, provide registration information including registration number.

33 Eligibility criteria 6 | Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.g., 8-9

31 years considered, language, publication status) used as criteria for eligibility, giving rationale.

32 Information 7 | Describe all information sources (e.g., databases with dates of coverage, contact with study 8

33 sources authors to identify additional studies) in the search and date last searched.

gg Search 8 | Present full electronic search strategy for at least one database, including any limits used, such Supplementary File
that it could be repeated.

36 3

37 Study selection 9 | State the process for selecting studies (i.e., screening, eligibility, included in systematic review, 8-9

gg and, if applicable, included in the meta-analysis).
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Data collection 10 | Describe method of data extraction from reports (e.g., piloted forms, independently, in duplicate) | 9
process and any processes for obtaining and confirming data from investigators.
Data items 11 | List and define all variables for which data were sought (e.g., PICOS, funding sources) and any 9
assumptions and simplifications made.
Risk of bias in 12 | Describe methods used for assessing risk of bias of individual studies (including specification of | 9-10
individual studies whether this was done at the study or outcome level), and how this information is to be used in
any data synthesis.
Summary 13 | State the principal summary measures (e.g., risk ratio, difference in means). 10
measures
Synthesis of 14 | Describe the methods of handling data and combining results of studies, if done, including 10
results measures of consistency (e.g., % for each meta-analysis.
Risk of bias 15 | Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publication | 10
across studies bias, selective reporting within studies).
Additional 16 | Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta- 10
analyses regression), if done, indicating which were pre-specified.
RESULTS
Study selection 17 | Give numbers of studies screened, assessed for eligibility, and included in the review, with 11,
reasons for exclusions at each stage, ideally with a flow diagram. Figure 1
Study 18 | For each study, present characteristics for which data were extracted (e.g., study size, PICOS, 11-12,
characteristics follow-up period) and provide the citations. Supplementary
File 5-6, Table 1
Risk of bias 19 | Present data on risk of bias of each study and, if available, any outcome level assessment (see 12-13,
within studies item 12). Supplementary
Files 7-8
Results of 20 | For all outcomes considered (benefits or harms), present, for each study: (a) simple summary 13-15,
individual studies data for each intervention group (b) effect estimates and confidence intervals, ideally with a Table 2
forest plot. _ ’
Figure 2,
Supplementary
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Files 9-15

Synthesis of 21 | Present results of each meta-analysis done, including confidence intervals and measures of 13-15,
results consistency. Table 2

oNOYTULT D WN =

10 Figure 2,
11 Supplementary
12 Files 9-15

14 Risk of bias 22 | Present results of any assessment of risk of bias across studies (see Item 15). 16,

15 across studies Figure 3

17 Additional 23 | Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta- 15-16,

18 analysis regression [see Item 16]). Supplementary
19 File 16

21 DISCUSSION

22 Summary of 24 | Summarize the main findings including the strength of evidence for each main outcome; consider | 16-17
23 evidence their relevance to key groups (e.g., healthcare providers, users, and policy makers).

25 Limitations 25 | Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., 19
2% incomplete retrieval of identified research, reporting bias).

27 Conclusions 26 | Provide a general interpretation of the results in the context of other evidence, and implications 17-18, 20-21
28 for future research.

FUNDING

31 Funding 27 | Describe sources of funding for the systematic review and other support (e.g., supply of data); 22
32 role of funders for the systematic review.

From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting ltems for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PLoS
35 Med 6(7): €1000097. doi:10.1371/journal.pmed1000097
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Abstract

Background: Recent evidence has demonstrated that a restrictive strategy for allogeneic red
blood cell transfusion may be equally as effective or potentially superior to a liberal transfusion
strategy. Despite this evidence, uptake of restrictive transfusion practices among ordering
physicians has been variable. A number of interventions to modify physician transfusion
practices, such as education, clinical practice guidelines, and audit and feedback mechanisms
have been described in the literature. The relative efficacy or effectiveness of these interventions,
with regards to changing physician behaviours and/or improving appropriateness of transfusions,
is not well understood.

Objective: This protocol outlines the procedures of a de novo systematic review of the literature
examining the impact of behavioural interventions on physician transfusion practices,
appropriateness of transfusions, and costs.

Methods: A systematic review will be completed. Seven multidisciplinary electronic databases
will be searched from inception. Abstracts and full-text papers will be screened for inclusion, in
duplicate, based on established criteria. Studies will be included if they: report original data from
a primary study; report outcomes on a behavioral intervention targeting physician transfusion
practices. Each included study will be assessed in duplicate for quality, using the Cochrane Risk
of Bias Checklist for Randomized Controlled Trials and the Downs and Blacks Checklist for
non-randomized studies.

Results: Contingent on the number of final studies identified, as well as the potential
heterogeneity in the characteristics of the articles and their reported outcomes, a meta-analysis
may be conducted. Should meta-analysis of pooled results be permitted, the analysis will be also
be stratified by study design type. If meta-analysis is not possible, a narrative approach to
synthesizing results will be used. Anticipated outcomes include: proportion of physicians using
restrictive transfusion strategies, rate of appropriateness of transfusions, change in healthcare
system costs, patient hospital length-of-stay, risk of adverse events, and physician attitudes and
acceptability towards the interventions.

Conclusions: The findings of this study will provide insight into which interventions most
effectively change physician behaviour concerning allogeneic blood transfusions. The results of
this research will help guide decision-makers and health care practitioners in their adoption of
updated allogeneic red blood cell transfusion strategies.
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Background

Blood and blood products, such as red blood cells (RBC), are scarce health resources that must
be managed carefully to ensure judicious use, patient safety, and availability for those most in
need of transfusions.! Attempts to improve blood product utilization across a variety of clinical
settings have promoted the use of more restrictive transfusion strategies.”” For example,
evidence-based guidelines in the Intensive Care Unit (ICU) recommend RBC transfusions for
certain patients (e.g. non-hemorrhagic) with a Hgb level below 7 grams per deciliter; above this,
transfusions may be clinically inappropriate and increase risk of adverse events and prolong
hospital stay.*’ Despite these recommendations, a number of observational studies have
demonstrated variable uptake of restrictive transfusion practices among ordering physicians.8

In various clinical settings, physicians’ transfusion practices are likely influenced by a myriad of
social, cultural, and environmental factors. A number of interventions to modify physician
transfusion practices, such as education, clinical practice guidelines, and audit and feedback
mechanisms have been described in the literature.”' The relative efficacy or effectiveness of
these interventions, with regards to changing physician behaviours and/or improving
appropriateness of transfusions, is not well understood.

Previous systematic reviews that have examined the impact of behavioural interventions on
physician transfusion practices reported substantial variability in the reduction in inappropriate
transfusion post-intervention.”'® Moreover, there were marked limitations in the quality of
evidence included in these previous reviews, and none of the evidence examined the cost-
effectiveness of the behavioural interventions.

This protocol outlines the procedures of a de novo systematic review of the literature examining
the impact of behavioural interventions on physician transfusion practices, appropriateness of
transfusions, and costs.

Primary Research Question:
What is the efficacy or effectiveness of behavioural interventions on physicians’ transfusion
practices, in comparison to standard care?

Secondary Research Question:
What is the impact of the behavioural interventions on the rate of RBC transfusions,
appropriateness of RBC transfusions, and healthcare system costs?

Using the PICOD methodology, the following details were used to derive the research question
for the systematic review and meta-analysis:

Population Physicians

Intervention Any behavioural intervention

Comparator Standard of care

Outcome Any (e.g. physician transfusion practices; utilization of RBC
transfusions; rate of appropriate RBC transfusions; healthcare system
costs)
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Design Randomized controlled trial (RCT), controlled clinical trial,
comparative cohort studies

Search Strategy

MEDLINE, PubMed, EMBASE, the Cochrane Central Registry of Controlled Trials, the
Cumulative Index to Nursing and Allied Health (CINAHL), the Cochrane Database of
Systematic Reviews and the Health Technology Assessment (HTA) database will be used for
this systematic review.

The search will include literature of all languages and published up until May 2015. The first
Boolean search will be done by using the term “or” to explode (search by subject heading) and
map (search by keyword) the following MeSH headings “*Blood Transfusion” or “transfusion*”’
or “overtransfusion®” or “blood or blood product® or plasma”. This first set or terms will then be
combined using the Boolean operator “and” with the MeSH headings and keyword terms such as
“audit*” or “educat™*” or “feedback” or “guideline*” or “intervention*” or “train or training”.
The search will not include “standard care” as the comparator in the search strategy in order to
ensure that all relevant studies are included for the systematic review. The search will exclude
animal studies, case reports, comments, editorials and letters. No other limitations will be
applied. The details of the MEDLINE search are provided in Appendix 1.

The latter two databases will be specifically searched to identify previously published
publications or systematic reviews of relevance. The reference lists of identified systematic
reviews will then be hand-searched in duplicate to identify additional relevant articles. The
clinical trial registry “clinical trials.gov” will also be consulted to identify ongoing trials and
study protocols.

Identification of Articles Eligible for Systematic Review:
An initial screen of resulting abstracts will be screened in duplicate. Based on the above PICOD,
abstracts will be included for the subsequent full-text review if they report:

1. Original data from a primary study

2. A behavioural intervention targeting physician transfusion practices as the intervention

Abstracts will be excluded if they do not meet the above criteria. No fixed definition of a
behavioural intervention will be applied; thus any definition used within the included studies will
be accepted. Abstracts selected for inclusion by either reviewer will proceed to the full-text
review.

Abstracts included after the first screen will proceed to full-text review which will be completed
by two reviewers. Full-text articles will be included if they meet the inclusion criteria based on
the above PICOD criteria (presented in Table 1). Any disagreement between reviewers will be
resolved through discussion and consensus. A kappa statistic for reviewer agreement will also be
calculated.

Table 1: Inclusion and Exclusion Criteria for Review of Full-text Articles

Inclusion Criteria Exclusion Criteria

Full-text articles Articles not available in full-text
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Original data Non-original data (e.g. reviews)
Peer-reviewed articles Grey literature
Physicians (any healthcare setting) Other healthcare professionals
RCT, controlled clinical trial, comparative | Case studies, commentaries, editorials,
cohort studies (including pre-post) letters, opinions
Primary objective: clinical Animal studies

efficacy/effectiveness of interventions on
physician transfusion practices

Interventions: behavioural interventions Non-behavioural interventions
(e.g. education, audit and feedback)

Comparator: standard of care Not focused on primary objective

Any outcomes (e.g. number of
transfusions, physician attitudes, etc)

The final included articles will be divided into two categories based on their study design:
1. Group 1: RCTs and controlled clinical trials
2. Group 2: Comparative Cohort Studies

Data Extraction:

Relevant data from all included full-text articles will be extracted in duplicate using a
standardized data extractions form. This data extraction form will be used to compile the detailed
data by study type for Group 1 and Group 2. Any discrepancy in data extraction will be resolved
through consensus and discussion. Authors will be contacted if relevant information is not
reported or for clarification of results. Data extraction was designed to meet the PRISMA
checklist standards for reporting of systematic reviews and meta-analyses.''

Quality Assessment

During data extraction, the quality of each included study will also be assessed. Quality
assessment will be done in duplicate and will consist of a narrative assessment of quality coupled
with scores from relevant quality assessment scales. Specifically, the Cochrane Risk of Bias
Checklist will be used to evaluate the quality of the included RCTs in Group 1, and the Downs
and Black Checklist'> will be used to evaluate the quality of the included observational studies. '

Data Analysis and Synthesis

We will summarize the number of articles included and excluded in each step of the review
process (abstract review and full-text review). This information will be presented in a flow-chart
format, following PRISMA Guidelines.'' If an article is excluded after undergoing full-text
review, justification will be provided for its exclusion.

We will present data on the number and characteristics of included studies from the systematic
review, as well as the number and characteristics of included studies identified for meta-analysis.
All clinical outcomes reported by included studies will be reported narratively and summarized
in tables. Anticipated outcomes include: proportion of physicians using restrictive transfusion
strategies, rate of appropriateness of transfusions, change in healthcare system costs, patient
hospital length-of-stay, risk of adverse events, and physician attitudes and acceptability towards
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the interventions. The way in which the outcomes were recorded or identified in each study (i.e.

patient-reported, validated instruments, physician assessment, , etc.) will also be collected and
described in this review, as the potential for heterogeneity in these methods may lead to
heterogeneity in the reported data.

Depending on the number of final studies identified, and heterogeneity of included studies, as,
meta-analysis may be conducted. Should meta-analysis of pooled results be permitted, the
analysis will be also be stratified by study design type (i.e. in Group 1 and Group 2).

Significance

The findings of this study will provide insight into which interventions most effectively change
physician behaviour concerning allogeneic blood transfusions. The results of this research will
help guide decision-makers and health care practitioners in their adoption of updated allogeneic
red blood cell transfusion strategies.
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1

2

2 Appendix 1

Z MEDLINE Search Strategy

7

8 1. exp *Blood Transfusion/

9 2. (transfusion™ or overtransfusion®).tw.

10 3. ((blood or blood product* or plasma) adj5 (usage or utilization)).tw.
1; 4.1or2or3

13 5. limit 4 to animals

14 6. limit 4 to (animals and humans)

15 7.5not6

16 8.4 not 7

17 9. limit 8 to (case reports or comment or editorial or letter or "review")
18 10. 8 not 9

;g 11. ((systematic or critical or scoping) and (review or synthesis)).ti.
21 12. 8 and 11

22 13. limit 8 to systematic reviews

23 14.10or 12 or 13

24 15. Physician's Practice Patterns/

25 16. physicians/ or hospitalists/ or surgeons/

26 17. "Internship and Residency"/

;é 18. exp Medical Staff/

29 19. (clinical staff or doctors or hospitalist® or house officer* or house staff or housestaff or intern
30 or interns* or medical officer* or medical staff or physician* or residents or surgeon™®).tw,kw.
31 20.150or 16 or 17 or 18 or 19

32 21. exp Medical Staff/ed [Education]

33 22. exp "Internship and Residency"/ed [Education]

gg 23. education, medical/ or exp education, medical, continuing/

36 24. exp Medical Audit/

37 25. exp Guideline Adherence/ or exp Practice Guidelines as Topic/
38 26. exp Quality Assurance, Health Care/

39 27. Quality Control/

40 28. (audit* or educat* or feedback or guideline* or intervention* or program* or train or
41 training).tw.

o 29.21 or 22 or 23 or 24 or 25 or 26 or 27 or 28

44 30. 14 and 20 and 29

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59
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MEDLINE May 2016

03N N KW

9.

10
11
12
13
14
15
16
17
18
19
or

. exp *Blood Transfusion/

. (transfusion™ or overtransfusion®).tw.

. ((blood or blood product* or plasma) adj5 (usage or utilization)).tw.
.lor2or3

. limit 4 to animals

. limit 4 to (animals and humans)

.5not6

.4 not7

limit 8 to (case reports or comment or editorial or letter or "review")

.8not9

. ((systematic or critical or scoping) and (review or synthesis)).ti.

.8and 11

. limit 8 to systematic reviews

.10or 12 or 13

. Physician's Practice Patterns/

. physicians/ or hospitalists/ or surgeons/

. "Internship and Residency"/

. exp Medical Staft/

. (clinical staff or doctors or hospitalist* or house officer* or house staff or housestaff
intern or interns® or medical officer* or medical staff or physician* or residents or

surgeon™®).tw,kw.

20.
21.
22.
23.
24.
25.
26.

27
28

ISor16or17or 18 or 19

exp Medical Staff/ed [Education]

exp "Internship and Residency"/ed [Education]

education, medical/ or exp education, medical, continuing/

exp Medical Audit/

exp Guideline Adherence/ or exp Practice Guidelines as Topic/

exp Quality Assurance, Health Care/

. Quality Control/

. (audit* or educat* or feedback or guideline* or intervention® or program* or train or

training).tw.

29
30

.21 or22or23 or24 or25or26or27 or 28
. 14 and 20 and 29
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Supplementary File 4. Inclusion and Exclusion Criteria for Review of Full-text Articles

Inclusion Criteria

Exclusion Criteria

Full-text articles

Articles not available in full-text (i.e. title
or abstracts only)

Original data

Non-original data

Peer-reviewed articles

Grey literature

Physicians and other healthcare providers
prescribing/ordering transfusions (any
healthcare setting)

Animal studies

RCT or quasi-experimental studies

Case studies, commentaries, editorials,
letters, opinions

Primary objective: efficacy/effectiveness of
intervention to modify RBC transfusion
practices

Not focused on primary objective

Interventions: behaviour modification
intervention targeted at healthcare provider
RBC transfusion practice (e.g. education,
guidelines, audit and feedback, order entry
systems, etc.)

Not a behaviour modification intervention

Comparator: any intervention including no
intervention (i.e. standard of care, historical
controls)

No comparator

Any outcomes (e.g. physician compliance
or patient outcomes)
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Supplementary File 5. Characteristics of Included Studies
Author Healthcare | Target Blood Study Type of Length of | RBC Definition of Types of
(Year) Setting Clinician Component | Design Control Follow-up | Transfusion Inappropriate Interventions
Country Group Criteria Transfusion
Multi-modal Interventions
Alavi- ED in one All ED staff | Blood Before and | Historical 3 months NR NR Protocol,
Moghaddam™ academic and blood After Control Education
(2014) and general | bank
Iran medical/surg | technicians
ical hospital
Andreasen™ Cardiac Anesthesiol- | RBC, FFP, Before and | Historical 24 months | NR Defined over- Education,
(2012) surgeries in | gists, platelets After Control transfusion as Guideline,
Denmark one surgeons, proportion of Algorithm
academically | intensivists, patients
-affiliated and nurses transfused with
hospital RBCs discharged
with hemoglobin
7 mmol/L (11.3
g/dL)
Annan’® ICU in one All ICU staff | RBC Before and | Historical 1 month NR NR “High-intensity
(2013) academically After Control ICU staffing
United States -affiliated (HIS)”, including:
community changes in
hospital Protocols, CPOE
and Decision
Support
Ansari>’ One All RBC Before and | Historical 12 months | 1) Acute bleeding | Transfusions that | Guideline, Audit
(2012) community physicians After Control (blood loss of did not meet & Feedback
United States hospital ordering >30%) with established
transfusions tachycardia and criteria, including
low blood pre-transfusion
pressure; hgb level greater
2) Hgb <9 g/dL in
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1
2
3
4
5 Author Healthcare | Target Blood Study Type of Length of | RBC Definition of Types of
6 (Year) Setting Clinician Component | Design Control Follow-up | Transfusion Inappropriate Interventions
7 Country Group Criteria Transfusion
8 high-risk patients; | than 9 g/dL
9 3) Hgb <7 g/dL in
10 patients wit.h
1 sympt.omatlc .
chronic anaemia;
12 4) Special
13 circumstances
14 (e.g. sickle cell
15 crisis and other
16 causes of poor
17 oxygen delivery)
18 Baer™® Four All neonatal | RBC Before and | Historical 12 months | Hematocrit falls NR Guideline, CPOE
19 (2011) neonatal ICU staff After Control below: and Decision
20 United States ICUs in one e 40% fora Support, and
21 healthcare patient on Audit
22 system extracorporeal
23 membrane
24 oxygenation,
25 e 35% fora
26 patient on
27 mechanical
28 ventilation
29 27% for a
30 patient on
31 supplemental
32 oxygen or with
33 signs of
34 anemia but not
35 on mechanical
36 ventilation,
37 e 20% in any
38 neonatal ICU
39 patient
40
41
42
43
44
45 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
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Author Healthcare | Target Blood Study Type of Length of | RBC Definition of Types of
(Year) Setting Clinician Component | Design Control Follow-up | Transfusion Inappropriate Interventions
Country Group Criteria Transfusion
Beaty”® Cardiac Cardiac RBC Before and | Historical 17 weeks Hgb level of less Transfusion Protocol, Audit
(2013) surgical ICU | surgery After Control than 8 g/dL trigger of hgb >8 | and Feedback
United States in one attendings, g/dL
academic cardiac
hospital residents,
and ICU
providers
(intensivists,
surgery
residents,
and mid-
level
providers)
Brandis™ One acute All medical | RBC Before and | Historical 6 months Hgb level 7 g/dL | NR Education,
(1994) care hospital | staff that After Control Protocol, Policies
Australia order
transfusions
in
anesthetics,
surgery and
ICU
Brandt™ Surgical Intensivists, | RBC Before and | Historical 6 years Hgb level 8 g/dL. | NR Protocol,
(2009) ICU in one fellows, and After Control Education (to
United States hospital residents residents)
Butler® Inpatient Clinical RBC, Before and | Historical 10 months | 1) Massive Above the Education, CPOE
(2015) hematology | hematolog- platelets After Control bleeding with recommended and Decision
United Kingdom services in ists treating blood pressure trigger of 8 g/dL Support, Audit
one patients instability; and Feedback
academic receiving 2)Hgb 7 g/dL in a
hospital intensive stable ICU
chemotherap patient;
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1
2
3
4
5 Author Healthcare | Target Blood Study Type of Length of | RBC Definition of Types of
6 (Year) Setting Clinician Component | Design Control Follow-up | Transfusion Inappropriate Interventions
7 Country Group Criteria Transfusion
8 y or 3) Hgb 8.0 g/dL
9 hematopoie- in a non-ICU
10 tic stem cell patient with
1 transplants signs/symptoms
12 of anemia;
4) Hgb 10 g/dL
13 with acute cardiac
14 ischemia;
15 5) Surgical blood
16 loss anticipated
17 Corwin® One level 1 Clinical staff | RBC Before and | Historical 18 months | 1) Acute NR Education,
18 (2014) trauma in all major After Control hemorrhage or Guideline, CPOE
19 United States centre clinical hemorrhagic and Decision
20 departments, shock; Support
21 high-volume 2) Hgb <7-8
22 transfusing g/dL;
23 services, and 3) Acute MI, Hgb
24 residents 8 g/dL;
25 4) Acute coronary
26 syndrome Hgb 8
27 g/dL;
28
29 Use of the hgb
30 concentration
31 alone as a trigger
32 for RBC
33 transfusion was
34 recommended
35 against; decision
to order an RBC
36 transfusion should
37 also consider a
38 patient’s
39 intravascular
40
41
42
43
44
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Author Healthcare | Target Blood Study Type of Length of | RBC Definition of Types of
(Year) Setting Clinician Component | Design Control Follow-up | Transfusion Inappropriate Interventions
Country Group Criteria Transfusion
volume status,
evidence of
shock, duration
and extent of
anemia, and
cardiopulmonary
physiologic
parameters as
well as other
symptomatology.
Eindhoven” Two All RBC Controlled | Standard of | 12 months | 1) Presence of NR Education,
(2005) hospitals physicians Before and | care in one anaemia-related Guideline
Netherlands and nurses After hospital (i.e. symptoms and (referred to as “6-
treating patients signs; 8-10 Flexinorm™)
patients transfused at 2) Diminished
undergoing a Hgb level oxygen uptake in
elective, below the lungs due to
primary 10g/dL or respiratory
total hip haematocr-it disease;
replacement level below 3) Inability of the
30%) patient to

compensate for
the effects of
haemodilution;

4) Estimated
blood loss and
increased risk of
re-bleeding;

5) Enhanced need
for oxygen
delivery (high
body temperature,
shivering and
sepsis); and
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1
2
3
4
5 Author Healthcare | Target Blood Study Type of Length of | RBC Definition of Types of
6 (Year) Setting Clinician Component | Design Control Follow-up | Transfusion Inappropriate Interventions
7 Country Group Criteria Transfusion
8 (6) Presence of
9 symptoms or
10 signs of .
1 atherosclerosis of
12 heart, brain or
renal vessels.
13 Gallagher- Two All medical | Blood Before and | Historical 28 months | NR NR Protocol,
14 Swann** hospitals: staff in After Control Education,
15 (2011) one tertiary adult, Reminders
16 Australia maternity neonatal,
17 and and
18 gynaecologi- | antenatal,
19 cal and pediatric
20 hospital; and | settings
21 one tertiary
22 paediatric
23 hospital
24 Gardner™ One tertiary | All Blood Before and | Historical 3 months If ordering for Defined over- CPOE and
25 (1993) hospital physicians After Control anemia for packed | transfusions as Decision Support,
26 United States and nurses cells: hgb < 10 those that did not | Audit and
27 ordering g/dL or meet the Feedback
28 blood hematocrit below | transfusion
29 30% criteria
30 Garrioch™® One All RBC Before and | Historical 3 months NR NR Education,
31 (2004) academic physicians After Control Guideline, Audit
32 United Kingdom | hospital and Feedback,
33 (Scotland) Reminders
2451 Geissler”’ One trauma All medical RBC, FFP, Before and | Historical 12 months | NR NR “Patient Blood
36 (2015) centre staff platelets After Control Management
37 Germany involved in (PBM) Initiative”,
38 cardiac including
39 surgeries Education,
40 (e.g. heart Guidelines Audit
41
42
43
44
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Author Healthcare | Target Blood Study Type of Length of | RBC Definition of Types of
(Year) Setting Clinician Component | Design Control Follow-up | Transfusion Inappropriate Interventions
Country Group Criteria Transfusion
transplantati and Feedback,
on, aortic and Policies
surgery,
valve
surgery)
Goodnough™° One All RBC Before and | Historical 36 months | Hgb level of 7 NR Education, CPOE
(2014a; 2014b) academic physicians After Control g/dL stable and Decision
United States hospital ordering medical and Support
transfusions surgical inpatients
who were not
bleeding, or 8
g/dL for
patients with
acute coronary
syndromes
Gutsche™ Surgical Cardiologi- | RBC Before and | Historical 6 months Transfusion Transfusion Education,
(2013) ICU in one sts, cardiac After Control associated with a | associated witha | Guideline, Audit
United States academic surgeons, pre-transfusion hgb from 7 mg/dL | and Feedback
hospital anesthesiolo- hgb <7.0 mg/dL to 7.9 mg/dL
gists, and without evidence
intensivists of organ ischemia,
involved in shock, pressor
the care of requirement, or
cardiac hemorrhage
surgery
patients
Haldiman® One tertiary- | All RBC, FFP, Before and | Historical 36 months | Hgb level of 8 Transfusions not Guideline, Audit
(2014) care, Level I | physicians platelets, After Control gm/dL or less and | compliant with
United States trauma ordering cryoprecipita a hematocrit level | guideline
hospital transfusions | te of 24% or less as
a trigger point
Handler™ One Surgeons RBC Between Standard of | 12 months | NR NR Education, Audit
(1983) community groups care in four and Feedback
United States hospitals
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Author Healthcare | Target Blood Study Type of Length of | RBC Definition of Types of
(Year) Setting Clinician Component | Design Control Follow-up | Transfusion Inappropriate Interventions
Country Group Criteria Transfusion
hospital
Harrison™ Regional Surgeons in | RBC Before and | Historical 12 months | NR When the Hgb “Blood Watch
(2015) healthcare five surgical After Control min > 100 g/dl Program” that
Australia system groups: post-operation; involved 21
comprised of | cardio- when Hgb min> | different system
232 public thoracic, 70 g/l and <100 and behaviour
hospitals colorectal, g/l and when no modifying
gynaecology clinical interventions,
and indications are including
obstetrics, present; and when | Education, Audit
Orthopaedic, Hgb max levels and Feedback
and general <70 g/l when
surgery clinically
indicated
King™' One All RBC Before and | Historical 8 months Hgb level 7 g/dL | NR Education,
(2013) community physicians after Control Guideline, Audit
United States hospital and Feedback
Leahy™ One All RBC Before and | Historical 36 months | NR NR “Patient Blood
(2014) academic physicians After Control Management
Australia hospital Programme”,
including
Protocol,
Education,
Guideline, Audit
and Feedback,
CPOE and
decision support
Likosky™ Departments | Surgeons RBC Before and | Historical 27 months | 1) Intra-operative | NR Protocol,
(2010) of medicine, | treating non- After Control patients: when Education, Audit
United States surgery, emergent haematocrit falls and Feedback
anesthesia, isolated below 19% on
and coronary cardiopulmonary
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Author Healthcare | Target Blood Study Type of Length of | RBC Definition of Types of
(Year) Setting Clinician Component | Design Control Follow-up | Transfusion Inappropriate Interventions
Country Group Criteria Transfusion
pathology, artery bypass
and bypass graft 2) Post-operative
disciplines surgery patients <75
from years: when
nursing, haematocrit falls
cardiothorac below 21% after
-ic surgery, the procedure
anaesthesia, until the patient
perfusion, was discharged
quality from the hospital
improve- 3) Patients >75
ment, years: when
transfusion haematocrit falls
medicine below 24% after
and the procedure
epidemiolog until the patient
y in one was discharged
hospital from the hospital
Littenberg™* ICU in one Intensivists RBC Before and | Historical 3 months During NR Guideline, Order
(1995) hospital After Control intervention Form and
United States period: Hgb < 8.6 Decision Support,
g/dL or Audit
hematocrit < 26%
During follow-up
period: Hgb <=7
g/dL or
hematocrit
<=21%
Lucas™ One hospital | All Blood Before and | Historical 3 months Hgb level 80 g/l | NR Education,
(1997) physicians After Control Guideline
Australia
Mahar™® One tertiary | All RBC Before and | Historical 12 months | NR NR Protocol,
(2013) care, physicians Control
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1

2

3

4

5 Author Healthcare | Target Blood Study Type of Length of | RBC Definition of Types of

6 (Year) Setting Clinician Component | Design Control Follow-up | Transfusion Inappropriate Interventions

7 Country Group Criteria Transfusion

8 Pakistan academic After Education
hospital

9

10 Marconi’’ One All RBC Before and | Historical 6 months NR Post-operative Protocol,

1 (1996) academic physicians After Control haematocrit above | Education,

12 Italy hospital 36% Guideline, CPOE

13 and Decision

14 Support

15 Markel®' Orthopedic Orthopaedic | RBC Before and | Historical 6 months In post-operative | NR Education,

16 (2016) services in service line After Control patients: pre- Guideline, Audit

17 United States two "peer" practitioners transfusion and Feedback

18 hospitals treating hgb of 8 g/dL or

19 patients with less or for

20 primary total symptoms of

21 joint chest pain,

22 arthroplasty orthostatic

23 hypotension,

24 tachycardia

25 unresponsive to

26 fluid

27 resuscitation,

28 congestive heart

29 failure

30 McCrory™® Pediatric Pediatric RBC Before and | Historical 24 months | NR NR Protocol, CPOE

31 (2014) ICU in one ICU and After Control and Decision

32 United States children’s pediatric Support

33 hospital hematology

34 attending

35 physicians

36 Morrison®’ Department All staff RBC, FFP, Before and | Historical 10 months | NR NR Education,

37 (1993) of Obstetrics | physicians platelets After Control Guideline, Audit

38 United States and and residents and Feedback,

39 Gynecology Paper Order Form

40 in one

41

42

43

44
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Author Healthcare | Target Blood Study Type of Length of | RBC Definition of Types of
(Year) Setting Clinician Component | Design Control Follow-up | Transfusion Inappropriate Interventions
Country Group Criteria Transfusion
academic
hospital
Murphy* Seven ICUs | Intensivists, | RBC Before and | Historical 12 months | NR NR Education, Audit
(2016) in an advanced After Control and Feedback,
United States academic practice and Unit-based
healthcare providers Provider Financial
system (APPs) (i.c. Incentives
nurse
practitioners
and
physician
assistants),
and
physicians in
training
Oliver® One All RBC, FFP, Before and | Historical 6 months Hgb 7 g/dL or NR Education,
(2014) academic physicians platelets After Control less in Guideline, Audit
United States hospital nonbleeding and Feedback
patients (as per
TRICC trial)

* Transfuse 1 unit
and reassess
unless ongoing
blood

loss (1500 -
2000ml) or
hemodynamic
instability

* Exceptions:
active coronary
ischemia, ongoing
blood

loss, severe
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1
2
3
4
5 Author Healthcare | Target Blood Study Type of Length of | RBC Definition of Types of
6 (Year) Setting Clinician Component | Design Control Follow-up | Transfusion Inappropriate Interventions
7 Country Group Criteria Transfusion
8 sepsis/septic
9 shock
10 Rana®’ Multidiscipl- | All ICU RBC Before and | Historical 3 months Hgb level 7g/dL Pre-transfusion Education, CPOE
11 (2006) inary ICU physicians After Control hgb >7 g/dL in and Decision
12 United States (medical, and nurses the absence of Support,
13 surgical, active bleeding, Algorithm

and mixed) early septic shock,
14 in one or ischemia
15 tertiary
16 academic
1; hospital
19 Rehm® One Veteran | All staffand | RBC Before and | Historical 12 months | Hgb level <7 g/dL | Hgb level >10 Paper order form
20 (1998) Affairs residents in After Control g/dL and Decision
21 United States hospital medical and Support, Audit
22 surgical and Feedback,
23 specialties Audit Approval,
24 from two Reminders
25 local
26 university

programmes

27 Rosen® One private | All staff RBC, FFP, Before and | Historical 36 months | Hgb level <8g/dL | Transfusions not Education,
28 (1993) tertiary care platelets, After Control meeting Guideline, CPOE
29 United States hospital cryoprecipit- transfusion and Decision
30 ate criteria Support, Audit
g; and Feedback
33 Rothschild”’ One All staff RBC, FFP, Before and | Historical 3 months Hematocrit <21% | Transfusions not Education,
34 (2007) academic platelets After Control meeting Guideline
35 United States hospital transfusion
36 criteria
37 Spencer® One hospital | All RBC Before and | Historical 12 months | Signs of Transfusions not Guideline, Paper
38 (2005) anesthetic After Control cardiovascular meeting Order Form and
39 United States and surgical instability from transfusion Decision Support,
40
41
42
43
44
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Author Healthcare | Target Blood Study Type of Length of | RBC Definition of Types of
(Year) Setting Clinician Component | Design Control Follow-up | Transfusion Inappropriate Interventions
Country Group Criteria Transfusion
staff treating excessive intra- criteria Audit and
patients operative blood Feedback,
undergoing loss, was Reminders
hip and knee symptomatically
arthroplasty anaemic
postoperatively,
or the hgb level
fell below 8 g/dL
Tavares” One All staff RBC Before and | Historical 9 years Hgb level Hgb level >9g/dL | Education, Audit
(2014) academic After Control between 8-9 g/dL. | recommended for | Approval
United States tertiary care cancellation
hospital
Ternstrom® Cardiac All staff RBC, Before and | Historical 24 months | Hgb level <6 g/dL | NR “Blood
(2014) surgery particularly | plasma, after Control Conservation
Sweden services in surgeons, platelets Programme”
one anaesthetis- consisting of
academic ts, residents, Education,
hospital OR-, ICU- Guidelines, and
and ward Self-Audit
nurses, nurse
helpers,
physiothera-
pists and
perfusionists
Vos® Eight All All blood Before and | Historical 24 months | 1) Operated NR Education,
(1994) hospitals: physicians components | After Control patients: hgb >10 Guideline
Tanzania four g/dL;
government 2) Pregnancy: hgb
hospitals and >7 g/dL when
three >36 weeks, hgb
missions >6 g/dL when
hospitals <36 weeks;
3) children: hgb
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1
2
3
4
5 Author Healthcare | Target Blood Study Type of Length of | RBC Definition of Types of
6 (Year) Setting Clinician Component | Design Control Follow-up | Transfusion Inappropriate Interventions
7 Country Group Criteria Transfusion
8 >4 g/dL; other:
9 hgb >5 g/dL
10 Yeh®™ Surgical Residents, RBC Before and | Historical 6 months Hgb level <8 g/dL | Hgb level >8 g/dL. | Education, Audit
11 (2015) ICU in one fellows, After Control and Feedback
12 United States tertiary care | attending
13 hospital physicians
of both ICU
14 and surgical
15 teams
16 Yerrabothala® One All staff RBC Before and | Historical 6 months Hgb level <7g/dL | Transfusions not CPOE and
17 (2014) academic After Control meeting Decision Support,
18 United States tertiary care transfusion Policy
;g hospital criteria
21 Zelinka”® Cardiac All medical RBC Before and | Historical 4 years NR NR
22 (2010) surgery staff After Control
23 United States services in involved in
24 one . cardiag
25 community surgeries
2% hospital
27 Single Interventions
28 Boral”' One tertiary | All medical, | RBC Before and | Historical 36 months | Hgb level of 7 NR Education
29 (2015) care hospital | surgical, After Control g/dL or Hct of
30 United States nursing and 21%
31 blood bank
32 staff
33 Hillman"* Twenty-two | All RBC, whole | Before and | Historical 6 months NR NR Education
34 (1979) area physicians blood After Control
35 United States hospitals
36 Joubert” Departments | All RBC Before and | Historical 2 weeks Usually Not required Education
37 (2014) of internal physicians After Control appropriate when | when Hgb level
38 South Africa medicine, Hgb <6.9 g/dL; >=10g/dL
39 intensive When Hb 7.0-9.9
40
41
42
43
44
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Author Healthcare | Target Blood Study Type of Length of | RBC Definition of Types of
(Year) Setting Clinician Component | Design Control Follow-up | Transfusion Inappropriate Interventions
Country Group Criteria Transfusion
care, g/dL depends on
obstetrics & clinical picture
gynaecology
and general
surgery in
one hospital
Joyce™® One Interns All blood Between Standard of | 3 months NR NR Education
(2015) academic components | Groups Care
Ireland hospital
Ledo’* One All RBC Before and | Historical 6 months NR NR Education
(2015) academic physicians, After Control
Brazil hospital nurses, and
nursing
technicians
Paone” Thirty-three | Cardiac RBC, FFP, Before and | Historical 4 years NR NR Education
(2013) hospitals in surgeons platelets After Control
United States one state
Soumerai™ Surgical and | Surgeonsin | RBC RCT Standard of | 6 months 1) Hematocrit Transfusions not Education
(1993) medical orthopedic, Care <24%, a fall in meeting
United States services vascular, and hematocrit of 6 transfusion
from two general percentage points | criteria
academic surgery and or more within 24
and two general hours, or
community medicine 2) A pre-
hospitals attending transfusion
physicians hematocrit
between 24% and
30% in the
presence of one of
the following:
angina within 24
hours prior to
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1
2
3
4
5 Author Healthcare | Target Blood Study Type of Length of | RBC Definition of Types of
6 (Year) Setting Clinician Component | Design Control Follow-up | Transfusion Inappropriate Interventions
7 Country Group Criteria Transfusion
8 transfusion,
9 myocardial
10 infarction within
1 6 weeks prior to
12 transfusion, an
electrocardiogram
13 indicating acute
14 ischemia or acute
15 infarction, or
16 3) Blood loss of
17 1000 mL or
18 greater prior to
19 transfusion
20 Valentine’® Medical- Pediatric RBC, whole | Before and | Historical 24 months | Hgb level <7 g/dL | NR Education
21 (2014) surgical intensivists | blood After Control
22 United States pediatric
23 ICU in one
24 children’s
25 hospital
26 Yaffee'’ Cardiac Surgeons, RBC Before and | Historical 24 months | Hgb level <8 g/dL | NR Education
27 (2014) surgery surgical After Control
28 United States services in residents,
29 one hospital | anesthesiol-
30 ogists,
31 perfusionis-
32 ts, and
33 recovery
34 room and
35 intensive
36 care unit
37 nurses,
38 operating on
39 aortic valve
40
41
42
43
44
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Author Healthcare | Target Blood Study Type of Length of | RBC Definition of Types of
(Year) Setting Clinician Component | Design Control Follow-up | Transfusion Inappropriate Interventions
Country Group Criteria Transfusion
replacement
patients
Hassan’’ One General Blood Between Standard of | 36 months | NR NR Guideline
(2010) children’s pediatricians Groups Care
United States hospital and
hospitalists
Hoeg”® Hematology | All medical | RBC Before and | Historical 36 months | Hgb level NR Guideline
(2013) department staff treating After Control between 7.3 and
Denmark in one patients with 9.7 g/dL and only
university acute in the presence of
hospital myeloid symptomatic
leukemia anaemia, coronary
artery disease,
ongoing blood
loss or sepsis
Horowitz”” One hospital | All RBC, FFP, Before and | Historical 6 months NR Transfusions not Guideline
(1991) physicians platelets, After Control justified by the
Saudi Arabia treating cryoprecipita results of hgb
cardiac te levels (not
surgery specified) and
patients coagulation tests
McSwineng Anesthesia All Blood Before and | Historical NR Hematocrit less Discharge Guideline
(1993) department physicians After Control than 30 in men hematocrit
Ireland in one treating and 27 in women | exceeding 36%
hospital patients
undergoing
total hip
arthroplasty
Ciccocioppo®™ One hospital | All medical | RBC Before and | Historical 30 months | NR NR Protocol
(2011) staff treating After Control
Australia patients with
lower GI
bleed
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Author
(Year)
Country

Healthcare
Setting

Target
Clinician
Group

Blood
Component

Study
Design

Type of
Control

Length of
Follow-up

RBC
Transfusion
Criteria

Definition of
Inappropriate
Transfusion

Types of
Interventions

Despotis™
(1994)
United States

One hospital

Anesthesiol-
ogy and
surgery staff
physicians
treating
cardiac
surgery
patients

RBC, FFP,
platelets

RCT

Standard of
Care

NR

NR

NR

Algorithm

Lee™
(2015)
China

One hospital

Physicians
treating
patients for
total knee
replacement

Blood

Before and
After

Historical
Control

4 months

NR

NR

Protocol

Muller®!
(2004)
Switzerland

Orthopedic
unit and
intensive
care unit in
tertiary care
hospital

Nurses and
physicians in
orthopaedic,
anaesthesio-
logy, and
intensive
care treating
patients
underoing
total joint
replacement

RBC

Before and
After

Historical
Control

NR

Multi-criteria
based on
implemented
guideline

NR

Algorithm

Rineau™
(2016)
France

Orthopaedic
surgery
service in
one
academic
hospital

All
physicians
treating
patients
undergoing
total hip
arthroplasty
or total knee
arthroplasty

Blood

Before and
After

Historical
Control

6 months

Hgb level <7 or 8
g/dL depending
on cormobidities

NR

Protocol
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Author Healthcare | Target Blood Study Type of Length of | RBC Definition of Types of
(Year) Setting Clinician Component | Design Control Follow-up | Transfusion Inappropriate Interventions
Country Group Criteria Transfusion
Vrotsos™ Cardiac unit | All Blood Before and | Historical 6 months NR NR Protocol
(2015) in one physicians After Control
United States hospital
Whitney85 Pediatric All RBC, Before and | Historical 12 months | NR NR Protocol
(2013) operating physicians plasma, After Control
United States rooms and treating platelets,
ICU in one pediatric cryoprecipita
tertiary care | cardiac te
children’s surgery
hospital patients
Torella® One All RBC Before and | Historical 6 months Hgb level <8g/dL | NR Policy
(2002) academic physicians After Control in the absence of
United Kingdom | hospital treating symptoms
patients
undergoing
coronary
artery
bypass graft
surgery, total
hip
replacement,
colectomy,
and
transurethral
prostatect-
omy.
Adams®’ Acute care Pediatricians | RBC Before and | Historical 12 months | NR NR CPOE and
(2011) and Pediatric | and pediatric After Control Decision Support
United States ICU wards intensivists
in one
children’s
hospital
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1

2

3

4

5 Author Healthcare | Target Blood Study Type of Length of | RBC Definition of Types of

6 (Year) Setting Clinician Component | Design Control Follow-up | Transfusion Inappropriate Interventions

7 Country Group Criteria Transfusion

8 Fernandez Perez™ | Three multi- | Intensivists RBC Before and | Historical 12 months | Hgb level >7 g/dL | NR CPOE and

9 (2007) disciplinary After Control in the presence of Decision Support

10 United States ICUs in one active bleeding,

11 hospital ischemia or early

12 septic shock

13 McWilliams® Eleven All RBC Before and | Historical 10 months | 1) Hgb level of NR CPOE and
(2014) hospitals in a | physicians After Control 8.0 g/dL or lower Decision Support

14 United States regional in a non—ICU

15 healthcare patient with signs

16 system, and symptoms of

17 including anemia

18 level 1 2) Hgb level of

19 trauma 7.5 g/dL or lower

20 centers, a in a stable ICU

21 cancer patient

22 treatment 3) Hgb level of 10

23 hospital, and g/dL or lower

24 one centre with acute cardiac

25 specializing ischemia

26 in women’s 4) Surgical blood

27 health loss anticipated

28 5) Acute bleeding

29 with blood

30 pressure (BP)

31 instability

32 Rothschild”’ One All staff RBC, FFP, RCT Standard of | 4 months Hematocrit <21% | Transfusions not CPOE and

33 (2007) academic platelets Care meeting Decision Support

34 United States hospital trqnsﬁ.Jsion

35 criteria

36 Lam” Two “peer” | All RBC, FFP, Controlled | Standard of | 4 months NR NR Reminders

37 (1997) non- physicians platelets Before and | Care (through self-

38 United States academic After audit)

39 hospitals

40

41

42

43

44
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Author Healthcare | Target Blood Study Type of Length of | RBC Definition of Types of
(Year) Setting Clinician Component | Design Control Follow-up | Transfusion Inappropriate Interventions
Country Group Criteria Transfusion
Pentti Medical- All RBC, FFP, Before and | Historical 3 months Hgb level <80 g/L | Transfusions Reminders
(2003) surgical ICU | physicians platelets After Control above the (through
Finland in one recommended electronic audit)
academic transfusion
hospital criteria
Lam™ Five All RBC Between Standard of | 34 months | Hgb level >= NR Audit and
(1996) hospitals physicians Groups Care 90g/L Feedback
United States including
three
academic
and two non-
academic
Lewis’! Cancer All RBC Before and | Historical 24 months | NR NR Audit and
(2015) centre in one | physicians After Control Feedback
United States academic treating
hospital patients with
head and
neck cancer
Tuckfield” One hospital | All medical | RBC, FFP, Before and | Historical 3 months 1) Hgb <7 g/dL Transfusions not | Audit Approval
(1997) staff platelets After Control for severe anemia; | meeting
Australia 2) Hgb between transfusion
7-10 g/dL for criteria
anemia, bone
marrow failure,
anemia and
sepsis, continuing
blood loss, and
abnormal
bleeding during
an operation;
3) Hgb <8 g/dL
for perioperative
period
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1
2
3
4
5 Author Healthcare | Target Blood Study Type of Length of | RBC Definition of Types of
6 (Year) Setting Clinician Component | Design Control Follow-up | Transfusion Inappropriate Interventions
7 Country Group Criteria Transfusion
8 Politsmakher” Departments | All RBC, FFP, Before and | Historical 24 months | 1) Symptomatic Transfusions not Audit Approval
9 (2013) of medicine, | physicians platelets, After Control anemia Hgb <7 meeting
10 United States surgery, cryo- g/dL; transfusion
1 obstetrics/ precipitate 2) Active criteria
12 gynecology, bleeding, blood
pediatrics, loss 15% of blood
13 and volume;
14 emergency 3) Chronic
15 medicine in transfusion in
16 one sickle cell/
17 community- thalassemia
18 based patients;
19 academic 4) Before major
20 hospital elective procedure
21 Hgb <8 g/dL
22 5) Red cell
23 exchange in sickle
24 cell patients to
25 attain Hgb %
26 10g/dL and Hgb S
27 <30%
28 ED: emergency department; CPOE: computerized physician order entry; FFP: fresh frozen plasma; GI: gastrointestinal; Hgb:
29 hemoglobin; ICU: intensive care unit; NR: not reported; RBC: red blood cell; RCT: randomized controlled trial;
30
31 *Sample size based on blood orders, not patients
32
33
34
35
36
37
38
39
40
41
42
43
44
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Supplementary File 6. Composition of Multi-modal Interventions

Page 74 of 89

Study

Interventions

Education

Guideline

Audit and
Feedback

CPOE &
Decision
Support

Protocol/
Algorithm

Paper
Order
Form

Reminder

Policy

Audit
Approval

Audit

Financial
Incentive

Alavi-Moghaddam (2014) **

v

v

Andreasen (2012)

v

v

Annan (2013) *°

v

v

Ansari (2012) *’

Baer (2011) *°

ANEAN

Beaty (2013) *°

Brandis (1994) ¥

Brandt (2009) *'

NSNS

Butler (2015) *

Corwin (2014) ¥

ANAN

Eindhoven (2005) **

ANEAN

Gallagher-Swann (2011) *

Gardner (1993) *

Garrioch (2004) *°

Geissler (2015) ¥

AR

SIS

Goodnough (2014a; 2014b)
25,26

Gutsche (2013) *

Haldiman (2014) ¥

ANAN

Handler (1983) &

NN S ININ INNININKNIS
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Study

Interventions

Education

Guideline

Audit and
Feedback

CPOE &
Decision
Support

Protocol/
Algorithm

Paper
Order
Form

Reminder

Policy

Audit
Approval

Audit

Financial
Incentive

Harrison (2015) *°

King (2013) ™'

Leahy (2014) >*

v

Likosky (2010) '™

NSNS

ANEAN

Littenberg (1995) >

Lucas (1997) >

Mahar (2013)°

Marconi (1996) 7

ANAN

Markel (2016) *'

McCrory (2014) **

Morrison (1993) *°

Murphy (2016) ¥

Oliver (2014) ®

NENEAASEANNEMN

Rana (2006) '

Rehm (1998) ©

Rosen (1993) ©

Rothschild (2007) *’

Spencer (2005)

AN NANEEANL N NEREN

Tavares (2014) ©

Ternstrom (2014) *

Vos (1994)

SISIKN NN NININKN INISNEND NSNS

SIS ININIS
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BMJ Open
Interventions
Study CPOE & P
. aper . . .
Education | Guideline Audit and Decision Protqcol/ Order Reminder Policy Audit Audit Fmanc.lal
Feedback S Algorithm Approval Incentive
upport Form
Yeh (2015) © Vs Vs
Yerrabothala (2014) © V4 V4
Zelinka (2010) 7° V4 v
TOTAL 31 22 20 12 14 4 4 3 2 6 1
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Supplementary File 7. Risk of Bias in RCTs Assessed with Cochrane Risk of Bias Tool
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Supplementary File 8. Quality Assessment of Quasi-Experimental Studies Using Adapted Downs and Black Checklist
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Page 78 of 89

1

2

3

4

5

6

7 EXTERNAL

8 Study REPORTING VALIDITY INTERNAL VALIDITY — BIAS AND CONFOUNDING T/c;tzal

9 QL | Q2 [ B [ 4 [ 0Q57 Q6 [ Q7 [0Q8] Q9 [Qio| Q11 | Q12 [ Q13 | Q16 | Q17 [ Q18 | Q19 | Q20 | Q21 | Q22 Q25 Q26

1)Adams 87 1 0 1 1 0 1 1 0 0 1 1 UTD 1 1 1 1 1 1 1 n/a UTD | UTD 14
Alavi-

12 Moghaddam ** 1 1 0| 0| o 1 1 0 0 1 1 | UTD | 1 1 1 1 1 1 1 na | UTD | UTD 13

1

14 Andreasen >° 1 0 0 1 0 1 0 0 0 0 1 UTD 1 1 0 0 1 1 1 n/a UTD | UTD 9

15

16 Annan *° 1 1 1 1 0 1 0 0 0 0 1 UTD 1 1 0 1 1 1 1 n/a UTD | UTD 12
y

1‘Ansari 37 1 0 0 1 0 1 0 1 0 0 1 UTD 1 UTD 0 1 1 0 1 n/a UTD | UTD 9

19 Baer 0 0 1 1 0 1 1 1 0 1 1 UTD 1 1 1 0 1 1 1 n/a UTD | UTD 13

20

21 Beaty *’ 1 1 1 1 0 1 0 1 0 1 1 UTD 1 1 0 1 1 1 1 n/a UTD | UTD 14

2)

3 Boral " 1 0 0 1 0 1 1 1 0 1 1 UTD 1 1 0 1 1 1 1 n/a UTD | UTD 13

;1 Brandis *° 0 0 0 1 0 1 0 1 0 0 1 UTD 1 1 0 1 1 1 1 n/a UTD | UTD 10
D

26 Brandt *' 1 0 0 1 0 1 0 1 0 1 1 UTD 1 1 0 1 1 1 1 n/a UTD | UTD 12

27

28 Butler #? 0 1 0 0 1 1 0 1 0 1 1 UTD 1 1 0 1 1 1 1 n/a UTD | UTD 12

29

~h Ciccocioppo * 0 1 0 1 0 1 1 1 0 0 1 UTD 1 1 0 1 1 1 1 n/a UTD | UTD 12

gCOIWin + 0 1 0 1 0 1 1 1 0 1 1 UTD 1 1 0 1 1 1 1 n/a UTD | UTD 13

33 Eindhoven ** 1 0 0 1 0 1 1 1 0 1 1 UTD 1 0 1 1 UTD 1 0 UTD | UTD | UTD | 11/23

34 Fernandez Perez

35 1 1 0 0 0 1 1 1 0 1 1 UTD 1 1 1 1 1 1 1 n/a UTD | UTD 14

3¢ Gallagher-

3} Swann 4 1 0 1 1 0 1 0 0 0 n/a | UTD | UTD 1 UTD 1 n/a 1 1 1 n/a UTD | UTD 9

ggGardner 4 it 1ol 1t ol 1ol 1] o] o i1 |um| 1 |ump| o 1 1 1 1 na | UTD | UTD | 11
>

40

41

42

43

44
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1
2
3
4
5 REPORTING EXTERNAL INTERNAL VALIDITY — BIAS AND CONFOUNDING Total
6 Study VALIDITY s
7 Ql | @ | 3] 04| Q5] Q6| Q7 Q8] Q [JQ1o] Qi1 | Q12 | Q13 | Q16 | Q17 | Q18 | Q19 | Q20 | Q21 | Q22 Q25 Q26
8| Garrioch *° 1 1 0 1 0 1 1 1 0 0 1 UTD 1 UTD 0 1 1 1 1 n/a UTD | UTD 12
9
10 Geissler ¥ 1 0 0 1 0 1 1 1 0 1 1 UTD 1 1 0 1 1 1 1 n/a UTD | UTD 13
1
12 Goodnough 26 1 1 0 1 0 1 0 1 0 1 1 UTD 1 0 0 1 1 1 1 n/a UTD | UTD 12
13G00dn0ugh 25 1 1 0 1 0 1 0 1 0 0 1 UTD 1 1 0 1 1 1 1 n/a UTD | UTD 12
t
15 Gutsche *® 1 0 0 1 0 1 1 1 0 1 1 UTD 1 1 0 1 1 1 1 n/a UTD | UTD 13
16
17 Haldiman * 1 1 0 1 0 1 0 0 0 n/a 1 UTD 1 UTD 1 n/a 1 1 1 n/a UTD | UTD 10
18
16 Handler 2 0 1 0 1 0 0 0 0 0 n/a 1 UTD 1 1 1 n/a | UTD 1 0 1 UTD | UTD 8/23
E)Harrison 50 it 1ol 1t o1 lo]| 1] o 0 1 |um | 1 1 0 1 1 1 1 na | UTD | UTD | 12
22 Hassan 7’ 1 1 0 0 0 1 1 1 0 1 1 UTD 1 1 1 0 1 1 0 1 UTD | UTD | 13/23
23
4 Hillman " 1 0 0 0 0 1 1 0 0 0 1 UTD 1 1 0 1 1 1 1 n/a UTD | UTD 10
ok
ZfHoeg 78 1 1 0 1 0 1 1 1 0 1 1 UTD 1 UTD 1 1 1 1 1 n/a UTD | UTD 14
J
UT
§7Horowitz 7 1 0 0 1 0 1 0 0 0 0 1 UTD 1 1 1 1 1 D 1 n/a UTD | UTD 10
3
29 Joubert " 1 1 0 1 0 1 0 0 0 1 1 UTD 1 1 1 1 1 1 1 n/a UTD | UTD 13
30
31 Joyce * 1 0 0 1 0 1 1 0 1 0 | UTD | UTD 1 1 1 1 UTD 1 1 UTD | UTD | UTD | 11/23
32
3 King °! 1 1 0 1 0 1 0 1 0 0 1 UTD 1 1 1 1 1 1 1 n/a UTD | UTD 13
3% Lam 1 1 1 0 0 1 0 0 0 ! 1 UTD 1 1 1 0 1 1 0 1 UTD | UTD | 13/23
35
36 Lam *® 1 1 0 1 0 1 0 0 0 1 1 UTD 1 1 UTD 1 UTD 1 1 1 UTD | UTD | 1223
37
38 Leahy * 0 1 0 1 0 1 1 1 0 1 1 UTD 1 1 1 1 1 1 1 n/a UTD | UTD 14
39
40
41
42
43
44
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1

2

3

4

5 REPORTING EXTERNAL INTERNAL VALIDITY — BIAS AND CONFOUNDING Total

6 Study VALIDITY s
7 Ql | @ | 3] 04| Q5] Q6| Q7 Q8] Q [JQ1o] Qi1 | Q12 | Q13 | Q16 | Q17 | Q18 | Q19 | Q20 | Q21 | Q22 Q25 Q26

8| Ledo ™ 1 1 0 1 0 1 0 0 0 1 1 UTD 1 1 1 1 1 1 1 n/a UTD | UTD 13

9

10 Lee ®3 0 1 0 1 0 1 0 0 0 1 1 UTD 1 1 0 1 1 1 1 n/a UTD | UTD 11
1

1p Lewis ol 0 1 0 1 0 1 1 1 0 1 1 UTD 1 1 1 1 1 1 1 n/a UTD | UTD 14
1;Likosky 33 1 1 0 1 0 1 0 1 0 1 1 UTD 1 1 1 1 1 1 1 n/a UTD | UTD 14
t

1% Littenberg > 1 1 0 1 0 1 0 1 0 1 1 UTD 1 1 1 1 1 1 1 n/a UTD | UTD 14
16

17 Lucas » 0 1 0 1 0 1 0 1 0 0 1 UTD 1 1 1 1 1 1 1 n/a UTD | UTD 12
18

16 Mahar 36 1 1 0 1 0 1 0 0 0 0 1 UTD 1 1 1 1 1 1 1 n/a UTD | UTD 12

E)Markel“ r o | 1o | 1l 1] o 1 1 |um | 1 1 1 1 1 1 1 na | UTD | UTD | 15

22 McCrory ** 1 1 0 1 0 1 1 1 0 1 1 UTD 1 1 1 1 1 1 1 n/a UTD | UTD 15

23

24 McSwiney * 1 1 0 1 0 1 1 1 0 0 1 UTD 1 1 1 1 1 1 1 n/a UTD | UTD 14
ok

ZTMcWiuiams 8 1 0 0 1 0 1 0 1 0 1 1 UTD 1 1 1 1 1 1 1 n/a UTD | UTD 13
J

§7Morrison 59 1 1 0 1 0 1 1 1 0 1 1 UTD 1 1 1 1 1 1 1 n/a UTD | UTD 15
3

29 Muller 1 1 0 1 0 1 1 1 0 0 1 UTD 1 1 1 1 1 1 1 n/a UTD | UTD 14
30

31 Murphy * 1 1 0 1 0 1 1 1 0 1 1 UTD 1 1 1 1 1 1 1 n/a UTD | UTD 15
.

g,Ohver 60 1 1 0 1 0 1 0 1 0 1 1 UTD 1 1 1 1 1 1 1 n/a UTD | UTD 14
34 Paone ™ 1 1 0 1 0 1 0 1 0 1 1 UTD 1 1 1 1 1 1 1 n/a UTD | UTD 14
35

36 Pentti *° 1 1 0 1 0 1 1 1 0 1 1 UTD 1 1 1 1 1 1 1 n/a UTD | UTD 15
37

24 Politsmakher ** 0 1 0 1 0 1 0 1 0 0 1 UTD 1 1 1 1 1 1 1 n/a UTD | UTD 12
39
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42
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1

2

3

4

5 REPORTING EXTERNAL INTERNAL VALIDITY — BIAS AND CONFOUNDING Total

6 Study VALIDITY s
7 Ql | @ | 3] 04| Q5] Q6| Q7 Q8] Q [JQ1o] Qi1 | Q12 | Q13 | Q16 | Q17 | Q18 | Q19 | Q20 | Q21 | Q22 Q25 Q26

8| Rana ' 1 1 0 1 0 1 1 1 0 1 1 UTD 1 1 1 1 1 1 1 n/a UTD | UTD 15

9

10 Rehm 0 1 0 1 0 1 0 1 0 0 1 UTD 1 1 1 1 1 1 1 n/a UTD | UTD 12
1

1p Rineau 30 1 1 0 1 0 1 0 1 0 1 1 UTD 1 1 1 1 1 1 1 n/a UTD | UTD 14
1;Rothschild 27 1 1 1 1 0 1 1 1 0 1 1 UTD 1 1 0 1 1 1 1 n/a UTD | UTD 15
t

15 Rosen ® 1 0 0 1 0 1 0 1 0 0 1 UTD 1 1 1 1 1 1 1 n/a UTD | UTD 12
16

17 Spencer * 1 1 0 1 0 1 0 1 0 0 1 UTD 1 1 1 1 1 1 1 n/a UTD | UTD 13
18

14 Tavares 65 1 1 0 1 0 1 1 1 0 1 1 UTD 1 1 1 1 1 1 1 n/a UTD | UTD 15

E)Temstrom 66 1 1 Lo 1| o |1 1| 0 1 1 |um | 1 1 1 1 1 1 1 na | UTD | UTD | 15

22 Torella % 0 1 0 1 0 1 1 1 0 1 1 UTD 1 1 1 1 1 1 1 n/a UTD | UTD 14

23

24 Tuckfield 1 1 0 1 0 1 0 1 0 1 1 UTD 1 1 1 1 1 1 1 n/a UTD | UTD 14
ok

ZTValentine 76 1 1 0 1 0 1 1 1 0 1 1 UTD 1 UTD 1 1 1 1 1 n/a UTD | UTD 14
J

§7VOS 67 1 1 0 1 0 1 0 1 0 0 1 UTD 1 1 1 1 1 1 1 n/a UTD | UTD 13
3

29 Vrotsos ¥ 0 1 0 1 0 1 0 1 0 0 1 UTD 1 1 1 1 1 1 1 n/a UTD | UTD 12
30

31 Whitney % 1 1 0 1 0 1 1 1 0 1 1 UTD 1 1 1 1 1 1 1 n/a UTD | UTD 15
?

g,Yaffee 77 1 1 0 1 0 1 1 1 0 1 1 UTD 1 1 0 1 1 1 1 n/a UTD | UTD 14
34 yen 1 1 0 1 0 1 1 1 0 1 1 UTD 1 1 1 1 1 1 1 n/a UTD | UTD 15
35

36 Yerrabothala ® 1 1 0 1 0 1 1 1 0 1 1 UTD 1 1 1 1 1 1 1 n/a UTD | UTD 15
37

24 Zelinka 0 1 0 1 0 1 0 1 0 0 1 UTD 1 1 1 1 1 1 1 n/a UTD | UTD 12
39

40

41

42

43

44
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Supplementary File 9. Forest Plot for Odds of Patients Being Transfused Sorted by Year %
of Publication =
=
©
c
% <2
Author Year OR (95% Cl) Weight %
o
' 7]
Handler 1983 - 0.15 (0.08, 0.27) 2.49 it
o
McSwiney 1993 ! 0.01 (0.00, 0.04) 1.04 it
(=Y
Littenberg 1995 - 0.84 (0.57, 1.24) 3.65 @
) —
Torella 2002 - 0.71 (0.53, 0.95) 434 g
Pentti 2003 | {— 1.51 (0.86, 2.66) 2.62 8
3 ()
Muller 2004 o 0.46 (0.29, 0.71) 3.32 3
N
Garrioch 2004 |- 1.22 (0.96, 1.55) 4.69 Q
! ~
Spencer 2005 —_— 0.27 (0.12, 0.60) 1.66 S
! ™=
Eindhoven 2005 - 0.24 (0.14, 0.40) 2.91 ©
Rana 2006 -~ 0.55 (0.41, 0.72) 4.44 N
. o
Fenandez Perez 2007 . 0.82 (0.69, 0.97) 5.16 5
'_\
Brandt 2009 - 0.59 (0.45, 0.78) 4.48 g
Likosky 2010 - 0.49 (0.31, 0.79) 3.13 &
Hassan 2010 —_— 0.42 (0.07, 2.38) 0.47 N
'_\
Baer 2011 . 0.65 (0.57, 0.74) 5.35 ©
King 2013 . 0.60 (0.53, 0.69) 5.35 g
Annan 2013 o 0.53 (0.29, 0.97) 2.44 3
1 o
Paone 2013 - 1.04 (0.70, 1.54) 3.61 2
= )]
Mahar 2013 . 0.97 (0.90, 1.04) 5.60 =1
=
Politsmakher 2013 . 0.73 (0.70, 0.78) 5.63 S
Hoeg 2013 —_—— 1.11 (0.17, 7.30) 0.40 >
Yaffee 2014 -~ 0.44 (0.31, 0.62) 4.00 2
Leahy 2014 . 0.91 (0.86, 0.97) 5.61 g
Valentine 2014 - 0.90 (0.8, 1.20) 4.37 S
@
Ternstrom 2014 . 0.60 (0.51, 0.71) 5.14 =
Butler 2015 — 0.54 (0.15, 1.96) 0.79 3
Lee 2015 — 0.27 (0.07, 1.03) 0.76 g
Geissler 2015 . 0.94 (0.82, 1.08) 5.31 S
Rineau 2016 —— 0.19 (0.07, 0.50) 1.23 ;
Overall (I-squared = 90.0%, p = 0.000) é 0.63 (0.56, 0.71) 100.00 E
'_\

1
[e¢]
NOTE: Weights are from random effects analysis : o
I o
A 1 N
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1

2

3 Supplementary File 10. Forest Plot of Odds of Patients Being Transfused, Stratified by

g Study Design

6

7

8 Intervention Control %

?O Author Year No. Total No. Total OR (95% Cl) Weight

11 Before and After :

12 Annan 2013 25 100 40 104 0.53 (0.29, 0.97p.44

13 Baer 2011 449 3444 622 3303 . 0.65 (0.57, 0.745.35

14 Brandt 2009 160 477 190 413 > 0.59 (0.45, 0.78).48

15 Butler 201529 38 24 28 —o-|— 0.54 (0.15, 1.96pD.79

16 Garrioch 2004 254 461 316 630 . 1.22 (0.96, 1.554.69

17 Geissler 2015 886 1644 849 1533 . 0.94 (0.82, 1.085.31

18 King 2013 396 4808 615 4733 . 0.60 (0.53, 0.695.35

19 Leahy 2014 2098 69920 1875 57327 . 0.91 (0.86, 0.975.61

20 Likosky 2010 136 484 38 86 - | 0.49 (0.31,0.79B.13

21 Littenberg 1995 94 217 93 195 -~ 0.84 (0.57, 1.24B.65

22 Mahar 2013 1738 20212 1710 19288 . 0.97 (0.90, 1.045.60

23 Rana 2006 198 403 281 440 - 0.55 (0.41, 0.7211.44

24 Spencer 2005 18 45 45 63 —— 0.27 (0.12, 0.60)1.66

25 Ternstrom 2014 471 1034 657 1128 . 0.60 (0.51,0.715.14

26 Paone 2013 45 5347 56 6916 -~ 1.04 (0.70, 1.5413.61

57 Valentine 2014 266 551 145 285 - 0.90 (0.68, 1.204.37

28 Yaffee 2014 263 387 324 391 - 0.44 (0.31, 0.6211.00

29 Hoeg 201330 33 18 20 — 1.11 (0.17, 7.30)0.40

30 McSwiney 1993 26 80 146 150 —&— ! 0.01 (0.00, 0.04)1.04

31 Lee 20153 97 10 96 —— 0.27 (0.07, 1.03D.76

32 Muller 2004 43 217 73 208 - 0.46 (0.29, 0.71B.32
Rineau 2016 5 183 24 184 —— 0.19 (0.07, 0.50)1.23

33 Fenandez Perez2007 528 1100 583 1100 . 0.82 (0.69, 0.97p.16

34 Pentti 2003 53 93 49 105 |- 1.51 (0.86, 2.662.62

35 Politsmakher 2013 2413 37082 3058 35348 . 0.73 (0.70, 0.785.63

36 Torella 2002 145 375 176 375 - 0.71 (0.53, 0.954.34

37 Subtotal (I-squared = 89.0%, p = 0.000) 0 0.69 (0.61, 0.77p4.14

38 ) !

39 Controlled Before and After '

40 Eindhoven 2005 26 186 75 186 el 0.24 (0.14, 0.40R.91

41 Subtotal (I-squared = .%, p = .) O 0.24 (0.14, 0.40P.91

42 . |

43 Non-randomized Trial |

44 Handler 1983 14 198 110 324 - 0.15 (0.08, 0.27p.49

45 Hassan 20102 24 5 28 — 0.42 (0.07, 2.38D.47

46 Subtotal (I-squared = 18.7%, p = 0.267) 0 | 0.18 (0.08, 0.39R.95

47 . |

48 Overall (l-squared = 90.0%, p = 0.000) o 0.63 (0.56, 0.71)100.00

1

gg NOTE: Weights are from random effects analysis : ' :
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Supplementary File 11. Forest Plot for the Odds of Patients Being Inappropriately
Transfused

Intervention Control %

Author Year No. Total

Multi-modal
Gutsche 2013 19 243
Harrison 2015 4799 158379

Leahy 2014 8390 69920
Rana 2006 11 403
Vos 1994 365 1042
Yeh 2015 3 15

No.

37
8974
9172
73
335
37

Subtotal (l-squared = 98.2%, p = 0.000)

Guidelines
McSwiney 1993 4 80
Subtotal (I-squared =.%, p=.)

Protocol or Algorithm
Muller 2004 35 217
Subtotal (I-squared = .%, p=.)

Reminders
Pentti 2003 7 93
Subtotal (l-squared =.%,p=".)

Audit and Feedback
Lewisetal 2015 156 1389
Subtotal (I-squared =.%, p =)

Audit Approval
Tuckfield 1997 6 200
Subtotal (I-squared =.%, p=.)

66

91

41

177

32

Overall (I-squared = 97.6%, p = 0.000)

NOTE: Weights are from random effects analysis !

Total OR (95% Cl) Weight

252 —— 0.49 (0.27,0.88) 8.24
148821 . 0.49 (0.47,0.50) 14.87
57327 le 0.72(0.69,0.74) 14.88
440 —_ 0.14 (0.07,0.27) 7.45
842 - 0.82(0.68,0.98) 13.76
147 — 0.74(0.20,2.78) 2.91
150 é—o— 0.07 (0.02,0.19)  4.09

0.07 (0.02,0.19)  4.09

208 - 0.25(0.16,0.39) 10.01
< 0.25(0.16,0.39)  10.01
105 —— 0.13(0.05,0.30) 5.37
< 0.13(0.05,0.30) 5.37
2618 - 1.74(1.39,2.19) 13.30
0O 174 (1.39,2.19) 13.30
200 0.16 (0.07,0.40) 5.13

{) 0.54 (0.41,0.71)  62.09
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
| 0.16 (0.07,0.40) 5.13
1
1

¢ 0.46 (0.36,0.59) 100.00

I I
A 1 10

Favours Intervention Favours Control
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1

2

2 Supplementary File 12. Forest Plot for the Mean Number of RBC Units Transfused Per

Patient

5

6

7

8 Mean RBC Units %

? 0 Author Year Intervention Control WMD (95% ClI) Weight

1 ; Multi-modal Intervention E

13 Alavi-Moghaddam 2014 .91 .58 : * 0.33 (0.30, 0.36) 9.38

14 Annan 2013 3.1 3.7 -OI- -0.60 (-0.89, -0.31) 8.78

15 Brandt 2009 1.71 3.2 ° : -1.49 (-1.53, -1.45) 9.37

16 Butler 2015 4.8 5.9 > | -1.10 (-3.64, 1.44) 1.54

17 Corwin 2014 .41 58 . -0.17 (-0.17, -0.17) 9.38

18 Eindhoven 2005 .3 1 - | -0.70 (-0.95, -0.45) 8.94

19 Murphy 2016 .5 6 Lo -0.10 (-0.15, -0.05) 9.37

20 Rana 2006 .86 1.08 ‘I-O- -0.22 (-0.53,0.09) 8.72

21 Ternstrom 2014 238 3.6 — -0.80 (-1.39, -0.21) 7.33

22 Subtotal (l-squared = 99.9%, p = 0.000) <> -0.47 (-0.88, -0.07) 72.79

23 : !

24 CPOE and Decision Support |

25 Fenandez Perez 2007 1.3 15 ‘e -0.20 (-0.35, -0.05) 9.21

26 Subtotal (I-squared = .%, p =) e -0.20 (-0.35, -0.05) 9.21

27 : I

28 Guidelines |

29 McSwiney 1993 1.31 2.73 - : -1.42 (-1.67,-1.17) 8.95

30 Subtotal (I-squared =.%, p =) <> ! -1.42 (-1.67,-1.17) 8.95

31 . !

32 Protocol or Algorithm |

33 Lee 2015 1.67 1.8 |- -0.13 (-0.35, 0.09) 9.04

34 Subtotal (I-squared =.%, p =) ECD -0.13 (-0.35, 0.09) 9.04

35 . I

36 Overall (I-squared = 99.8%, p = 0.000) O -0.50 (-0.85, -0.16) 100.00
1

2573 NOTE: Weights are from random effects analysisI : :

39 -3.64 0 3.64

40 Favours InterventionFavours Control

41

42

43

44

45

46

47
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Supplementary File 13. Forest Plot for the Mean Hospital Length of Stay (days)

Mean Hospital LOS

%

Author Year Intervention Control WMD (95% Cl) Weight
T
Multi-modal Intervention . |
Brandt 2009 13.6 141 —_— -0.50 (-3.09, 2.09) 8.40
Eindhoven 2005 9 1.1 - | -2.10 (-2.90, -1.30) 17.78
Gutsche 2013 941 10 - -0.90 (-2.31, 0.51) 14.27
Murphy 2016 4 4 | O 0.00 (-0.19, 0.19) 20.04
Rothschild 2007 128 12.9 - -0.10 (-1.48, 1.28) 14.43
Subtotal (I-squared = 84.7%, p = 0.000) C> -0.75 (-1.84, 0.35) 74.91
. |
Guidelines i
1
Hassan 2010 10 13 —&+ -3.00 (-5.74, -0.26) 7.85
Subtotal (I-squared =.%, p =.) : -3.00 (-5.74, -0.26) 7.85
CPOE and Decision Support H
Adams 2011 8.07 9.73 i -1.66 (-2.80, -0.52) 15.88
Subtotal (l-squared =.%, p =.) <} -1.66 (-2.80, -0.52) 15.88
1
1
: |
Protocol or Algorithm H
Despotis 1994 1941 25.4 —_— -6.30 (-14.43, 1.83) 1.36
Subtotal (I-squared =.%, p = .) _ = -6.30 (-14.43, 1.83) 1.36
. 1
Overall (I-squared = 82.2%, p = 0.000) <> -1.14 (-2.12, -0.16) 100.00
1
NOTE: Weights are from random effects analysis !
T T
-14.4 0 14.4
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Supplementary File 14. Forest Plot for the Mean Pre-transfusions Hemoglobin Level
(g/dL)

oNOYULT D WN =

9 Mean Pre-transfusion Hgb %

10 Author Year Intervention Control WMD (95% Cl) Weight

Multi-modal Intervention
15 Butler 2015 7.9 8.4 - -0.50 (-0.56, -0.44) 28.40

17 Markel 2015 135 133 —_— 0.20 (0.06, 0.34) 25.28

McCrory 2014 7.9 7.9 3 0.00 (-1.11, 1.11) 2.98

—_
o)}
AN

20 Yeh 2015 7.3 7.6 —_— -0.30 (-0.68, 0.08) 14.45

N
—_

Yerrabothala 2014 741 7.6 . -0.50 (-0.53, -0.47) 28.90

23 Subtotal (I-squared = 95.5%, p = 0.000) -0.28 (-0.48,-0.08)  100.00

Overall (l-squared = 95.5%, p = 0.000) -0.28 (-0.48, -0.08) 100.00

&
P

29 NOTE: Weights are from random effects analysis

T T
30 -1.11 0 1.1

31 Favours Intervention Favours Control
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Supplementary File 15. Forest Plot for the Odds of In-hospitality Mortality

Intervention Control %

Author Year No. Total No. Total OR (95% Cl) Weight
Multi-modal Intervention :
Beaty 2013 2 55 8 45 —_— 0.17 (0.04, 0.87) 0.54
Brandt 2009 27 477 35 413 —— 0.65 (0.39, 1.09) 3.92
Eindhoven 2005 2 186 3 186 — 0.66 (0.11, 4.01) 0.43
Garrioch 2004 247 7265 248 7294 * 1.00 (0.84, 1.20) 11.10
Littenberg 1995 51 217 40 195 b ol 1.19 (0.75, 1.90) 4.55
Murphy 2016 418 7357 517 7357 o 0.80 (0.70, 0.91) 12.47
Rana 2006 59 403 52 440 - 1.28 (0.86, 1.91) 5.60
Rothschild 2007 233 2772 360 2881 - 0.64 (0.54, 0.76) 11.26
Yeh 2015 1 15 10 147 —_—— 0.98 (0.12, 8.22) 0.31
Yerrabothala 2014 279 9286 284 9151 . 0.97 (0.82, 1.14) 11.45
Zelinka 2010 17 479 16 530 —— 1.18 (0.59, 2.37) 2.49
Subtotal (I-squared = 64.3%, p = 0.002) 1 0.88 (0.74, 1.04) 64.13
. |
CPOE and Decision Support !
Fenandez Perez 2007 139 1100 108 1100 - 1.33(1.02, 1.73) 8.54
Subtotal (I-squared =.%, p = .) .F) 1.33(1.02, 1.73) 8.54

|
. I
Education 1
Paone 2013 70 5347 111 6916 - 0.81 (0.60, 1.10) 7.65
Valentine 2014 21 551 1" 285 —_ 0.99 (0.47, 2.08) 2.22
Yaffee 2014 13 387 10 391 - 1.32 (0.57, 3.06) 1.81
Subtotal (I-squared = 0.0%, p = 0.530) 0 0.88 (0.67, 1.14) 11.68

|
Protocol or Algorithm :
Ciccocioppo 2011 1 45 4 68 —0—:— 0.36 (0.04, 3.36) 0.29
Rineau 2016 0 183 1 184 € g . 0.33 (0.01, 8.24) 0.14
Subtotal (I-squared = 0.0%, p = 0.965) _ 0.35 (0.06, 2.20) 0.43

|
) 1
Reminders !
Pentti 2003 19 53 16 49 —_—— 1.15(0.51,2.62) 1.88
Subtotal (I-squared =.%, p =.) ? 1.15 (0.51,2.62) 1.88
. |
Audit Approval '
Politsmakher 2013 717 37082 838 35348 L4 0.81 (0.73, 0.90) 13.35
Subtotal (I-squared =.%, p=.) 0 0.81 (0.73, 0.90) 13.35

|
: |
Overall (I-squared = 57.4%, p = 0.001) 0.90 (0.80, 1.02) 100.00
NOTE: Weights are from random effects analysis :

I I I
A 1 10

Favours InterventionFavours Control
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1

2

2 Supplementary File 16. Results of Meta-Regression Analysis
Z Patients Transfused

7 Covariate Coefficient of 1
8 logOR (SE) pvaiie
9 Year of Publication 0.0086 0.689
10 (0.071)

1; Number of Interventions 0.0358 0.617
13 (0.017)

14 Multi-Modal Intervention -0.0475 0.794
15 (0.179)

16 Setting in Single Unit/ -0.0717 0.695
:; Clinical Service (0.181)

19 Follow-up > 1 year -0.0270 0.888
20 (0.189)

21 Education 0.0918 0.609
22 (0.177)

23 Guideline -0.0424 0.811
;‘5‘ (0.176)

% Audit and Feedback 0.1172 0.553
27 (0.194)
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ABSTRACT

Objective: To assess the impact of behaviour modification interventions to promote restrictive
red blood cell (RBC) transfusion practices.

Design: Systematic review and meta-analysis.

Setting, participants, interventions: Six electronic databases were searched to January 2018.
Published randomized controlled trials (RCTs) or non-randomized studies examining an
intervention to modify healthcare providers’ RBC transfusion practice in any healthcare setting
were included.

Primary and secondary outcomes: The primary outcome was the proportion of patients
transfused. Secondary outcomes included the proportion of inappropriate transfusions, RBC units
transfused per patient, in-hospital mortality, length of stay (LOS), pre-transfusion hemoglobin,
and healthcare costs. Meta-analysis was conducted using a random-effects model and meta-
regression was performed in cases of heterogeneity. Publication bias was assessed by Begg’s
funnel plot.

Results: Eighty-four low to moderate quality studies were included: 3 were RCTs, and 81 were
non-randomized studies. Thirty-one studies evaluated a single intervention, 44 examined a multi-
modal intervention. The comparator in all studies was standard of care or historical control. In 33
non-randomized studies, use of an intervention was associated with reduced odds of transfusion
(OR: 0.63 [95% C10.56—0.71]), odds of inappropriate transfusion (OR: 0.46 [95% CI
0.36—0.59]), RBC units/patient (WMD: -0.50 units [95% CI -0.85—-0.16]), LOS (WMD: -1.14
days [95% CI -2.12—-0.16]), and pre-transfusion hemoglobin (-0.28 g/dL [95% CI -0.48—-0.08]).

There was no difference in odds of mortality (OR: 0.90 [95% CI 0.80—1.02]). Protocol/algorithm
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and multi-modal interventions were associated with the greatest decreases in the primary
outcome. There was high heterogeneity among estimates and evidence for publication bias.
Conclusions: The literature examining the impact of interventions on RBC transfusions is
extensive, albeit, most studies are non-randomized. Despite this, pooled analysis of 33 studies
revealed improvement in the primary outcome. Future work needs to shift from asking, “does it
work?”, to “what works best and at what cost?”.

Registration: PROSPERO 2015:CRD42015024757
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STRENGTHS AND LIMITATIONS OF STUDY

e In this systematic review and meta-analysis, 84 studies examining single and multi-modal
interventions to modify red blood cell transfusion practices were identified.

e This is the most comprehensive systematic review and the first meta-analysis of these
interventions to date.

e Included studies were of low to moderate quality and almost all were designed as non-
randomized, before and after studies.

e No studies examined the comparative effectiveness between behaviour modification
interventions, nor the cost-effectiveness of interventions.

e There was significant statistical heterogeneity and evidence for publication bias.
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INTRODUCTION

Blood transfusions are commonly administered as a life-saving therapy to restore
hemoglobin levels among severely anaemic patients.'™ Blood and blood products, such as red
blood cells (RBC), are, however, scarce and expensive health resources that must be managed
carefully to ensure judicious use and availability for those most in need of transfusions.* Beyond
blood conservation, transfusion safety and reducing the adverse events associated with
transfusion must be considered. RBC transfusions have been associated with increased risk of
infections, acute transfusion reactions, and, in certain cases, mortality.”” High-quality evidence
has accumulated over the past two decades in support of reducing patient exposure to RBC
transfusions, through the adoption of more restrictive RBC transfusion thresholds.*'? A number
of guidelines, such as those most recently released by the AABB (formerly the American
Association of Blood Banks),"* have also recommended against transfusion if hemoglobin levels
are above 7 g/dL to 8 g/dL for most patients groups.

It is well documented that publication of such evidence alone is insufficient for affecting
change.'* Clinical practice is influenced by a myriad of social, cultural, and environmental
factors that are not necessarily considered in guidelines.'> Concerted change management efforts
are, therefore, commonly undertaken to actively address these factors in order to implement
recommended guidelines and achieve the desired practice change.

Interventions to specifically modify provider transfusion practices, such as education,
audit and feedback, and computerized or paper order entry systems, have been described in prior

. 1619
studies.

Previous systematic reviews have examined the impact of these interventions, alone
or in combination, on transfusion practices for various blood components (e.g. RBCs, fresh

frozen plasma, platelets, cryoprecipitate). The findings of these syntheses report variability in
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outcomes—including a paucity of economic outcomes—and limitations in both the quality of

16-18
d.

evidence and breadth of interventions examine With the exception of one systematic

review published in 2015 that exclusively focused on the impacts of electronic decision
support,'® these previous reviews are dated (last published in 2005).'¢ "7

Therefore, a de novo systematic review synthesizing the current literature in this area,
concentrating on all behaviour modification interventions targeting RBC transfusion practices, is
useful as healthcare organizations respond to meet recent RBC transfusion guideline
recommendations. The objective of this study was to determine the effectiveness of behaviour
modification interventions that change RBC transfusion practices, specifically, the effects of

interventions on the proportion of patients transfused, as well as patient and healthcare system

outcomes.

MATERIALS AND METHODS

A systematic review of the published literature was completed in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA;
Supplementary File 1).° The protocol for this systematic review is registered on the PROSPERO
website (2015:CRD42015024757; Supplementary File 2).*!
Search Strategy

The electronic search strategy was developed by an Information Specialist (DLL).
MEDLINE, PubMed, EMBASE, the Cochrane Central Registry of Controlled Trials, the
Cumulative Index to Nursing and Allied Health, the Cochrane Database of Systematic Reviews
and the Health Technology Assessment database were searched from inception to January 12,

2018. A sample search strategy is available in Supplementary File 3. Animal studies, case
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reports, comments, editorials, and letters were excluded; no other limitations were applied. The
references lists of identified systematic reviews were also hand-searched for relevant articles not
found through database searches.
Selection of Literature

Studies were included if they: reported original data; examined the impact of a behaviour
modification intervention on healthcare provider RBC transfusion practices; had a comparator
group (e.g. no intervention or another intervention); and were designed as either a randomized
controlled trial (RCT) or non-randomized study. A non-randomized study involves the selection
of groups each exposed to a different intervention without random assignment.” > Common
non-randomized designs in behaviour modification studies include non-randomized trials (also
referred to as between subjects or between group trials), time series studies, and uncontrolled and

2324 No fixed definition of a behaviour modification

controlled before and after studies.
intervention was applied; thus, any definition used within the included studies was accepted.
Included interventions were grouped using an inductive approach based on descriptors and labels
provided from the studies themselves. Studies were excluded if they did not meet any of the
above criteria, including if they only assessed transfusion of other blood products (i.e. fresh
frozen plasma, platelets, cryoprecipitate) and not in conjunction with RBCs. Detailed inclusion
and exclusion criteria are provided in Supplementary File 4. Abstract and full-text screening
were completed in duplicate (LJJS; LED; HMH; KM) and any disagreement was resolved
through discussion and consensus, or through consultation with a third reviewer. Agreement

between reviewers was calculated using a kappa statistic.

Data Extraction
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1

2

2 Data extraction was completed in duplicate using a standardized data extraction form

5 .. . .

6 (LJJS and KM). Data on publication date, country, healthcare setting, study design, follow-up

7

8 period, type of intervention and comparator(s) groups, intervention characteristics, RBC

9

10 transfusion criteria, definition of an “inappropriate” transfusion, number of patients treated in

1

:g each group, and the primary outcome of interest (the proportion of patients transfused) were

14

15 extracted. Secondary outcomes, including the proportion of inappropriate transfusions, mean

16

17 RBC units transfused per patient, in-hospital mortality, hospital LOS, pre-transfusion

18

;g hemoglobin, and changes in costs (e.g. RBC unit costs) were also extracted where available.

21 .

22 Quality Assessment

23

24 Risk of bias and quality assessments of included studies were completed in duplicate

25

;? (LJJS and KM). The Cochrane Risk of Bias tool was used to evaluate the risk of bias among

28 . . . . .

29 included RCTs.* Quality of non-randomized studies were assessed using the Downs and Black
30

31 Checklist.”® Typically scored out of 28 points, the Downs and Black Checklist was modified

32

33 because several items do not apply to the non-randomized studies (e.g. randomization), thereby
34

22 reducing the denominator to 22 for uncontrolled before and after studies, and 23 for controlled
37 . .

38 before and after and non-randomized trials.

39

40 .

o Data Analysis

42

43 Meta-analyses were conducted using a random-effects model. Pooled odds ratio (OR) and
44

45 the weighted mean difference (WMD), and their respective 95% confidence intervals (95% CI),
46

j; were calculated for categorical and continuous outcomes, respectively. Stratified analyses by
49

50 intervention type and study design were completed. Statistical heterogeneity was examined using
51

52 both the I? (percentage of total inter-study variation due to heterogeneity rather than chance) and
53

g ;‘ Q statistic p-value (test of homogeneity). An I? greater than 50% was considered as evidence for
56

57

58

59 9

60 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

yBuAdoo Ag palosloid 1senb Ag 20z ‘8T |udy uo /wod g uadolwq//:dny woij papeojumoq ‘8T0Z ABN 8T U0 ZT66T0-LT0Z-Uadolwag/9eTT 0T st paysiignd 1su1y :uado CING


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

significant heterogeneity.”’ Random effects meta-regression was performed with the year of
publication, the number of interventions per study, having a multi-modal intervention, a study
setting in a single unit or clinical service, follow-up period (greater than 1 year), and each of the
identified intervention types as covariates. A regression coefficient with a p<0.10 was considered
a significant predictor of the primary outcome. Publication bias was examined using Begg’s
funnel plot and Egger’s regression test. In the case of funnel plot asymmetry, the trim-and-fill
method was used to impute estimates from potentially suppressed publications. This method
assumes that studies that do not demonstrate a desired effect (e.g. decrease in proportion
transfused) were not likely published 28 All statistical analyses were completed using Stata/IC

13.1.

RESULTS
Search Results

The flow chart of included studies is provided in Figure 1. Five-thousand four-hundred
and twenty unique abstracts were identified, of which 270 proceeded to full-text review. Thirteen
additional relevant studies were identified through hand-searching. One hundred and eighty-six
studies were excluded during full-text review, resulting in 84 articles included in the final
analysis (Kappa = 87.0%, 95% CI 80.8-93.1%)).
Characteristics of Included Studies

The characteristics of included studies are summarized in Supplementary File 5. The 84

included articles were comprised of 83 unique study populations, as two articles® *°

reported
different outcomes for the same population. In addition, one article®! reported outcomes from
pop p

two unique study studies; thus, the non-overlapping findings from both studies were included.

10
For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 10 of 96

yBuAdoo Ag palosloid 1senb Ag 20z ‘8T |udy uo /wod g uadolwq//:dny woij papeojumoq ‘8T0Z ABN 8T U0 ZT66T0-LT0Z-Uadolwag/9eTT 0T st paysiignd 1su1y :uado CING


http://bmjopen.bmj.com/

Page 11 of 96

oNOYTULT D WN =

BMJ Open

The included studies were published between 1983 and 2017,>*® with the majority of studies

conducted in the United States (n=50). Only 3 studies were RCTs (1 cluster RCT, 2 randomized

at the individual-level);' ***° the remaining 81 were non-randomized studies, specifically

.29-31 33-36 38 41-106 .107 108
74); 2);

uncontrolled before and after (n= controlled before and after (n=
interrupted time series (n=1);*" and non-randomized trial (n=4)* %! designs.

In all cases, an intervention was compared to either historical controls or standard of care.
Most studies were conducted in a single acute care facility, often an academic hospital. Follow-
up periods varied considerably from 2 weeks® to 6 years*® post-intervention. Targeted
populations included primarily physicians (e.g. intensivists, anesthesiologists, surgeons) ordering
RBC transfusions, as well as medical trainees (e.g. residents), other healthcare providers (e.g.
nurses), and hospital staff (e.g. hospital laboratory and blood bank technologists) involved in the
care of patients receiving transfusions. The unit of intervention was the individual healthcare
provider, ward or unit, or institution (i.e. not patients themselves).
Types of interventions

The effectiveness of either a single (n=32) or multiple interventions (n=52) in
combination (referred to as multi-modal interventions) was evaluated. The following single

.40 80-86 109
9);

intervention categories were identified: education sessions or materials (n= protocols

39 90-95 87-89 110
7; 4);

or algorithms (n= guidelines (n= computerized physician order entry (CPOE)

systems and decision support (n=4);>' *" reminders (n=2);'" '® audit and feedback (n=2);'*' '"!

2);19219 4 clinical policy (n=1);"® and prospective audit of transfusion

audit approval (n=
practices.”” Descriptions of each, along with examples from the included studies, are provided in

Table 1.

11
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Table 1. Categories of Single and Multi-modal Behavior Modification Interventions

Description of Techniques

Examples from Included Studies

Education
Educational materials or group sessions to disseminate:
a) Specific medical evidence, such as etiology and
pathophysiology of anaemia, indications for transfusion,
risks of RBC transfusions, and other evidence from relevant
trials (e.g. TRICC trial).; or
b) Compiled materials or recommendations from clinical
practice guidelines, transfusion protocols or algorithms.

Formal didactic group sessions

Adaptation of existing departmental or institutional rounds
sessions or clinical staff meetings

One-on-one training sessions

Printed education materials distributed to participants or
displayed in clinical settings (e.g. graphics and posters)

Page 12 of 96

Protocol or Algorithm
Document with a comprehensive outline of steps and
detailed criteria to follow for the treatment of specific
patient groups or clinical setting; considered more rigid or
specific than guidelines.

Visual map or flow chart depicting clinical scenarios for
management of anaemia

Clinical protocols to manage hemorrhaging

Patient blood management protocol with indications for
RBC transfusions

Guideline
Development and/or adoption of evidence-based clinical
practice guidelines (i.e. statements that include
recommendations) intended to optimize care of patients.

De novo institutional guidelines for RBC transfusions,
appropriate management of anaemia, or RBC/blood
conservation

Adoption of guidelines developed by other institutions or
expert clinical organizations

Computerized Physician Order Entry (CPOE) and Decision Support
Electronic order entry system for healthcare providers to
directly enter medication, treatments or other requests for a
patient; the system is programmed to prompt with alerts
(e.g. of guidelines) or other content to support clinical
decision-making.

Replacement of paper orders to electronic system that
consolidates laboratory orders (e.g. RBC orders)
information with other patient chart information
Decision support algorithm incorporated into electronic
order entry of RBC/blood products sent to blood banks or
laboratories

Reminders
Direct notification to healthcare providers of either
institutional clinical criteria, recommended use of
medications or other treatments, or ordering processes.

Paper forms provided when RBC/blood products are issued
reminding healthcare providers of transfusion criteria and
encouraging self-audit of practice

Alerts (electronic or by telephone) to healthcare provider
when RBC transfusion orders placed outside of specified
clinical indications (e.g. higher hemoglobin level of patient)
or existing guidelines

Audit and Feedback

Transfusion practices were retrospectively audited and the

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

"y6uAdod Ag paosioid 1sanb Ag 20z ‘8T |udy uo /wod g uadofwq//:dny woiy papeojumoq "8T0Z AN 8T U0 ZTE6T0-LT0Z-uadolwag/9eTT 0T St paysiignd 1s1y

12

:uado NG


http://bmjopen.bmj.com/

Page 13 of 96

oNOYTULT D WN =

Process to measure performance of healthcare providers or
patient outcome data over a specified period of time and to
provide a summary (verbal or written) of this information
back to those healthcare providers in order to reach a
specified goal.

ordering healthcare providers were presented with his or her
individual results in the context of the clinical department as
a whole and with other department faculty anonymized.

Audit Approval

Medication, laboratory, or other treatment orders are audited

and for any not meeting pre-specified institutional criteria,
an approval is required before the order is approved.

RBC transfusions orders audited by blood bank or
laboratory staff; those placed outside of recommended
criteria were not issued and ordering healthcare providers
were notified that requests were sent directly to
departmental reviewers (e.g. transfusion medicine
specialists) for approval.

Policy
Compulsory clinical and/or administrative directives for
prescribing of medications, laboratory tests, other
treatments.

RBC ordering policy that enforcing standard blood product
ordering schedule and adherence to specific hemoglobin
triggers.

Paper Order Form
Mandatory completion of a paper form order specific
medications, laboratory tests, or other treatments.

Healthcare providers required to complete de novo
institutional paper order form for RBC transfusions and
provide clinical rationale from pre-specified list.

Retrospective review of RBC transfusions orders outside of
recommended clinical criteria (e.g. hemoglobin trigger)

Audit
Prospective or retrospective review of clinical performance
or patient outcomes; the data is often of electronically
collected.

Financial Incentive

Provision of financial reward provided to individual or
groups of healthcare providers upon attainment of specific
clinical performance goal.

Group-based financial rewards, scaled based on number of
healthcare providers, were issued if a 20% reduction in the
mean number of RBC transfusions orders per patient-day
compared to the previous year was obtained.

Order Sets
Groups of related medical orders, such as
laboratory/diagnostic test orders, patient care orders, and
medication orders, that are combined electronically or on
paper; can be targeted to align current practice with
guidelines or recommended best practice.

RBC transfusion order set implement hospital-wide that
included prompts for transfusion rate and ordering of pre-
transfusion oral and intravenous diuretics.

Checklists
Comprehensive list of items and/or activities (paper or
electronic form) to be completed by healthcare providers for
a given clinical encounter.

Paper checklist affixed to transfusion order set and used to
inform and/or remind healthcare providers a) of risk factors
associated with transfusion, and b) to document consent for
transfusion.
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Multi-modal interventions included between 2 and 5 strategies, applied concurrently or in
sequence. Combinations of multi-modal interventions are summarized in Supplementary File 6.

The interventions most commonly included in multi-modal interventions were: education

3 1)_29-32 4142 47-51 53-55 57-60 62-65 67-70 72 74-77 107 22)_31 42 44 45 50 53-56 58 59 61 62 64 65 67 69
b b

(n= guidelines (n=
72737576107 41 4 audit and feedback (n=20),32 #4649 5255 57-6065 67-69 117377 g o 16 modal
interventions applied additional interventions not examined among the single intervention
studies, including paper order forms (n=4),"' "' 73 financial incentives (n=1),*® and physician
checklists and order sets (n=1).'%
Quality of Included Studies

All three RCTs”' ***® incorporated study elements that were deemed to be of high, low,
and unclear risk of bias (Supplementary File 7). Due to the nature of the interventions, treatment
allocation was not concealed, nor could the participants, personnel, or outcome assessors be
blinded; thus, risk of bias was consistently high in these areas. In contrast, risk of bias was low
across all studies with respect to both attrition and reporting bias.

The majority of non-randomized studies (n=63) were of moderate quality, where quality

3242 44 47 51 52 56 81 88 92 107 109
7 7109 were of low

assessment scores ranged from 12-15; twelve studies
quality (scores from 0-11) and no studies were deemed to be of high quality (score > 17)
(Supplementary File 8). Most studies were found to have low scores due to poor reporting (Q1-
Q10), particularly of the characteristics of the targeted population and distribution of principal
confounders. External validity (Q11 and Q13) was moderate for most studies; however, Q12 (i.e.

subjects prepared to participate representative of the entire population) was deemed “unable to

determine” for all studies. The internal validity was low to moderate across studies (Q16 to
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Q26). Adequate adjustment for confounding (Q25) and whether losses to follow-up were taken
into account (Q26) were also deemed “unable to determine” for all studies.
Impact of Behaviour Modification Interventions on RBC Usage and Patient Outcomes

A summary of the pooled analyses is provided in Table 2. The primary outcome, the
proportion of patients transfused, was reported in 33 studies. The pooled odds of a patient
receiving a RBC transfusion was 0.70 (95% CI: 0.65 to 0.76]; n=33) (Figure 2; Table 2). There
was strong evidence of heterogeneity in this estimate (I*= 90.5%, Q-statistic p=0.00), although
this was not apparent upon visual inspection as a number of studies crossed the null value.
Sorting studies by year of publication showed that, with the exception of the two earliest

. 3289
studies,

the associated decrease in the odds of transfusion was fairly consistent over time
(Supplementary File 9).

All 33 studies included in this analysis were non-randomized studies. A stratified analysis
by non-randomized study design (Supplementary File 10) revealed high subgroup heterogeneity
between the uncontrolled before and after studies (I*= 89.6%, p=0.00). However, the variability
between the two non-randomized trials was much lower (I’= 18.7%) and was likely due to
chance alone (i.e. not due to heterogeneity) (Q-statistic p=0.267), suggesting that differences in
study design might have contributed to some of the observed heterogeneity in the crude pooled
estimate.

Further, stratification by intervention category revealed that differences in techniques
across studies might have also contributed to study heterogeneity (Figure 2; Table 2). Among
these interventions, the use of a protocol or algorithm (pooled OR: 0.34 [95% CI: 0.19 to 0.60];

n=3) and a multi-modal intervention (pooled OR: 0.73 [95% CI: 0.67 to 0.79]; n=20) were

associated with significantly decreased odds of patients being transfused. CPOE and decision

15
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Table 2. Results of Meta-Analysis for RBC Usage and Patient Outcomes

Page 16 of 96

2 0/
Outcome Multi- . Protocol/ N CPO.E. & . Audit and Audit . P.ooled** I (A.))’.
Measures modal Education Algorithm Guidelines | Decision | Reminders Feedback Approval Policy Estimate Q-statistic
Support (95% CI) (p value)
Odds of patients
being transfused 0.73 0.74 0.34 0.17 0.82* 1.51% B 0.73* 0.71% 0.70 90.5%;
(0.67-0.79) | (0.44-1.24) | (0.19-0.60) | (0.01-3.15) | (0.69-0.97) | (0.86-2.66) (0.70-0.78) | (0.53-0.95) | (0.65-0.76) | p=0.0001
(OR, 95% CI)
Odds of patients
being 0.54 0.25% 0.07* 0.13* 1.74% 0.16* 0.46 97.6%;
inappropriately : - : : - : : : - : D70,
transfused (0.41-0.71) (0.16-0.39) | (0.02-0.19) (0.05-0.30) | (1.39-2.19) | (0.07-0.40) (0.36-0.59) | p=0.0001
(OR, 95% CI)
Difference in . N .
RBC units -0.34 -0.13 -1.42 -0.20 -0.35 99.99%:
transfused (-0.37- - (-0.35- (-1.67- (-0.35- - - - - (038 | 70001
-0.31) 0.09) -1.17) -0.05) -0.32) :
(WMD, 95% CI)
Odds of patient
in-hospital 0.91 0.88 0.35 B 1.33* 1.15* B 0.81% 3 0.92 64.8%;
mortality (0.81-1.03) | (0.67-1.14) | (0.06-2.20) (1.02-1.73) | (0.51-2.62) (0.73-0.90) (0.84-1.02) | p=0.001
(OR, 95% CI)
Difference in -0.42 -6.30% -3.00%* -1.66* -0.63 79.7%
hospital LOS (-0.79- - (-14.43- (-5.74- (-2.80- - - -- -- (-1.02- o 00(31
(WMD, 95% CI) -0.06) 1.83 -0.26) -0.52) -0.24) p=
Difference in
pre-transfusion (_8'4212 ('8"2‘2 95.5%;
Hgb level -0.45- - - - - - - - - -0.46- -
& -0.08) L0.08) | P=0:0001
(WMD, 95% CI)
OR: odds ratio; WMD: weighted mean difference; *Point estimate derived from a single study; **Pooled estimate from both single
intervention and multi-modal intervention studies.
16
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support (OR: 0.82 [95% CI: 0.69 to 0.97]; n=1),"* audit approval (OR: 0.73 [95% CI: 0.70 to
0.78]; n=1),'” and policy interventions (OR: 0.71 [95% CI: 0.53 to 0.95]; n=1)"® were also
associated with decreases in the odds of transfusion; these point estimates, however, were
derived from a single study in each subgroup (Figure 2; Table 2). No significant differences were
observed between groups following the use of education (pooled OR: 0.74 [94% CI: 0.44 to
1.24]; n=3) and guidelines (pooled OR: 0.17 [95% CI: 0.01-3.15]; n=3), or reminders (OR: 1.51
[95%: 0.86-2.66]; n=1).

The impacts of behaviour modification interventions on secondary outcomes are
summarized in Table 2 and Supplementary Files 11-15. An “inappropriate” transfusion was
defined by the included studies as a RBC transfusion initiated at a pre-transfusion hemoglobin

55575970 76 77 89 90 100-102
Use of an

above 7 g/dL to 9 g/dL for most, non-bleeding adult patients.
intervention was associated with a decrease in the pooled odds of inappropriate transfusion
(pooled OR: 0.46 [95% CI: 0.36 to 0.59; I’= 97.6%, Q-statistic p=0.00; n=11), The mean RBC
units transfused per patient (WMD: -0.35 units [95% CI: -0.38 to -0.32]; I’= 99.9%, Q-statistic
p=0.00; n=14) and mean patient LOS (WMD: -0.63 days [95% CI: -1.02 to -0.24]; ’=79.7%, Q-
statistic p=0.00; n=9) also decreased following the use of an intervention (Table 2). The change
in mean pre-transfusion hemoglobin level was only examined among studies of multi-modal
interventions and was associated with a WMD of -0.28 g/dL (95% CI: -0.48 to -0.08; = 95.5%,
Q-statistic p=0.00; n=5).

There was also significant heterogeneity in the pooled analyses of secondary outcomes (I*
ranging from 57.4 to 99.9%). It was unclear whether differences in interventions contributed to

the heterogeneity, as stratification by intervention category left many subgroups with only one

study; this precluded calculation of all subgroup I? values (Supplementary Files 11-15). Single
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modality interventions were associated with greater impacts on RBC usage, compared to multi-
modality interventions (Table 2). Specifically, implementation of a guideline in one study
resulted in the lowest odds of inappropriate transfusion (OR: 0.07 (95% CI: 0.02 to 0.19) and the
greatest decrease in mean RBC units transfused (WMD: -1.42 units [95% CI: -1.67 to -1.17)).%¥
Another study examining a treatment algorithm reported the largest decrease in hospital LOS,
however there was marked variability in this estimate (WMD: -6.30 days [95% CI: -14.43 to
1.83)).% A significant increase in the odds of inappropriate transfusion (OR: 1.74 [95% CI: 1.39-
2.19]) was observed following audit and feedback in one study.'""

There was no significant difference in the odds of in-hospital mortality (pooled OR: 0.92
(95% CI: 0.84 to 1.02; I>= 64.8%, Q-statistic p=0.00; n=19) (Table 2). The stratified meta-
analysis (by intervention type) suggested that the observed heterogeneity in the pooled estimate
was likely attributed to the variability in interventions examined across studies (Supplementary
File 15).
Potential Predictors of RBC Usage

Studies published on or after 1995, the year in which evidence of efficacy and safety of
restrictive transfusion practices were first published,''? were included in the meta-regression.
The year of publication, number of interventions, having a multi-modal intervention, a single
unit or clinical service setting, follow-up greater than 1 year, and the individual component
interventions in a given study were not identified as significant predictors of RBC transfusion
(Supplementary File 16).
Publication bias

Evidence for publication bias among included studies (open circle symbols) was

indicated by the asymmetry in the funnel plot (Figure 3) and Egger’s regression test (p=0.001).
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Ten studies were imputed using the trim-and-fill method (square with circle symbols) resulting
in a pooled OR of 0.803 (95% CI: 0.663 to 0.972) for the primary outcome of patients being
transfused. This suggests that studies of smaller patient sample size, reporting an increased

likelihood of transfusion post-intervention, may have been suppressed from publication.

DISCUSSION

Efforts to modify transfusion practices are not novel and have been described
internationally for over four decades. We identified 84 studies, primarily non-randomized studies
of low to moderate quality, examining the impact of a behaviour modification intervention,
compared to no intervention, on RBC transfusion practices. Among single modality interventions
examined, eight categories were identified: education, protocol/algorithm, guidelines, CPOE and
decision support, reminders, audit and feedback, audit approval, and clinical policy. The majority
of studies used multi-modal interventions. Meta-analysis was permitted for a small subset of only
non-randomized studies (n=33). On average, the pooled odds of patients being transfused
decreased by 30% (pooled OR: 0.70; 95% CI: 0.65 to 0.76) and patients received 0.35 fewer
RBC units post-intervention. In addition, the pooled average pre-transfusion hemoglobin levels
decreased by 0.28 g/dL and the proportion of inappropriate transfusion (above a hemoglobin of 7
g/dL to 9 g/dL) decreased by approximately 54% (pooled OR: 0.46; 95% CI: 0.36 to 0.59). As
expected, given the increasing body of evidence suggesting similar safety profiles between
restrictive and liberal transfusion practices,” there was no difference pooled odds of in-hospital
mortality between intervention and comparator groups. Among all interventions examined, the
protocol/algorithm and multi-modal interventions were associated with the greatest decreases in

the pooled odds of patients being transfused.
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The present study represents the most up-to-date collection of published literature and the
first meta-analysis of interventional studies in this field. Therefore, the analytical investigations
performed in our study represent a substantial and novel contribution to the existing knowledge
of how to achieve restricted RBC transfusion practices. Across all pooled estimates we observed
significant statistical heterogeneity, which was only partly attributed to the variability between
interventions. Context-specific factors, not easily discernable from the available evidence, are
also likely contributing to the observed heterogeneity among included studies. These may
include variability in physician experience, clinical practice or flow, perceived ease of an

'3 Work from the audit and

intervention, and/or organizational capacity or receptivity for change.
feedback literature—which is among the most extensive in the area of behaviour modification
interventions—has also reported variability in effect size of the intervention based on differences
in baseline performance of the targeted behaviour as well as nuances in delivery of the
intervention (i.e. how feedback is provided).'"* Collectively, this information suggests that the
decision to adopt a given intervention should, therefore, not only consider evidence of
effectiveness, but also the factors related to the context and implementation. For instance, a
labour-intensive intervention such as a CPOE and decision support system will be more feasible
and efficient to implement in a setting with electronic ordering systems already in place, rather
than in a one without. Explicit methodology to first identify relevant determinants to change and
selection of an intervention(s) to address such determinants, such as through theory-based
frameworks, might prove useful in tailoring an appropriate intervention to a given clinical
setting.''” '

Our findings are consistent with the evidence from the broader knowledge translation

literature.''” In one of the most comprehensive systematic reviews, Grimshaw et al.''” identified
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over 200 studies examining the impact of interventions on a wide range of healthcare provider
behaviours and settings. The authors identified a similar array of interventions (e.g. education,
audit and feedback, reminders) that were all were effective to varying degrees, and their
observed effectiveness was not associated with the number of interventions implemented within
a given study.''” The results of our meta-regression analysis further support that a multi-modal
intervention and the number of component interventions are not predictive of the impact of the
interventions on the primary outcome.

Our results are also in line with the qualitative findings of previous systematic reviews of

16-18 1dentified interventions were

interventions to modify transfusion practices more broadly.
similarly found to be effective at reducing transfusion use, however the previous reviews were
unable to comment on their comparative effectiveness due to the dearth of direct comparisons
between intervention types and reported heterogeneity among studies.'® '’ With our updated
review of the literature, meta-analysis was feasible given the high prevalence of common study
designs, as well as frequent reporting of our primary and secondary outcomes. While the
comparator groups among included studies were also restricted to historical controls or standard
of care, our stratified meta-analyses still enabled crude comparisons of effectiveness between
interventions.
Limitations

The majority of included studies were non-randomized studies of low to moderate quality
and susceptible to bias. For example, most studies employed an uncontrolled before and after
study design and, in the absence of a concomitant control group, these studies were at high risk

118

of bias due to both secular trends and maturation bias.” = Due to the lack of randomization, such

studies can also be susceptible to selection bias.> In addition, we found limited to no reporting of
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participant characteristics and it is unclear whether and to what extent these characteristics led to

confounding of the reported outcomes. The non-randomized studies were also deemed to have
moderate external validity, thus generalizability of findings across all clinical settings and/or
international healthcare systems is unclear.

Despite the large number of studies included in the systematic review, the primary
outcome was only available for a minority of non-randomized studies (n=33). Our stratified
meta-analysis also resulted in a very limited number of studies (or even one study) often of
moderate quality, in many of the single modality subgroups. Taken together, these limited our
ability to make inferences of comparative effectiveness across all intervention types and
precluded our ability perform further statistical techniques, such as network meta-analysis.'"’
While meta-regression was permitted for the primary outcome, similar analyses were
underpowered for most secondary outcomes.'*’ Finally, the findings from our meta-analyses
must be interpreted with caution given the evidence for publication bias. Previous reviews
similarly suggested of publication bias among earlier included studies due to the tendency of
1617

outcomes to favour the intervention group.

Given such limitations of the non-randomized studies (particularly the uncontrolled

before and after studies) and the meta-analytic efforts, it is difficult to state with certainty which

intervention is the most effective at modifying RBC transfusion practice.
Future Research

Further comparative effectiveness studies, designed as large, high-quality RCTs are
recommended to determine the effectiveness of the present interventions. However, the
prevalence of low to moderate quality non-randomized studies included in this present review

may indicate the logistical difficulty in evaluating these interventions through RCTs. As such,
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pragmatic trial designs may be considered to aid in balancing issues of feasibility with
methodological rigor.'*' Also, none of the included studies evaluated the effectiveness of a
behaviour modification intervention to that of another behaviour modification intervention (of
either single or multi-modality). Such direct comparisons would not only aid in confirming
effectiveness of interventions, but also help determine the comparative effectiveness of
interventions. In the case of multi-modal interventions, further research should also attempt to
address which elements of the intervention are key to affecting the desired change. This
information may better and more appropriately advise healthcare organizations seeking to
implement the most effective behaviour modification intervention.

Lastly, we did not identify any studies that performed a concomitant economic
evaluation. This information is critical to selecting an intervention that is also efficient within a
given healthcare budget. Sixteen of the included studies did report of changes in healthcare costs,
primarily cost savings in RBC usage, following either a single or multi-modal intervention.*® ***’
4357617275 80869098 103104 |y two studies factored in the cost of implementing the intervention
into their estimate.** *® Given the often costly, labour-intensive nature of many interventions,

future cost-effectiveness studies should include the cost of implementation to determine whether

true savings are realized from a given intervention.

CONCLUSIONS

We found a large body of literature evaluating the impact of behaviour modification
interventions on RBC transfusion practices. The types of interventions are diverse, including
single and multi-modality interventions. The quality of included studies was low to moderate and

the proportion of non-randomized studies was high (n=81). The protocol or algorithm and multi-
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modal interventions were associated with statistically significant reductions in the pooled odds of
RBC transfusion. These results must be interpreted with caution due to the prevalence of
uncontrolled before and after studies, statistical heterogeneity, limited study sample size within
intervention groups, and evidence for publication bias. Given these limitations, further large,
high-quality pragmatic trials would aid to not only confirm, but also directly compare
effectiveness and cost-effectiveness of different types of behaviour modification interventions.
This shift in the field from simply understanding “does it work”, towards investigating “what
works best” and “at what cost” is required as healthcare organizations respond to meet the

transfusion guideline recommendations.
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FIGURE LEGENDS
Figure 1. Preferred Reporting for Systematic Reviews and Meta-analyses (PRISMA)

Flow Diagram of Included Studies.

Figure 2. Forest Plot of Odds of Patients Being Transfused, Stratified by Intervention.

Figure 3. Filled Funnel Plot with Pseudo 95% Confidence Limits.

The open circles represent the included studies and the squares with circles represent the
imputed studies. The horizontal line represents the estimated measure of effect following
the trim-and-fill method and the diagonal lines forming the triangle region represent the

pseudo 95% confidence limits.
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Figure 1. Preferred Reporting for Systematic Reviews and Meta-analyses (PRISMA) Flow Diagram of Included
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Intervention
Author Year No. Total
Multi-modal Intervention
Annan 2013 25 100
Baer 2011 449 3444
Brandt 2009 160 477
Butler 2015 29 38
Eindhoven 2005 26 186
Frank 2017 6088 58732
Garrioch 2004 254 461
Geissler 2015 886 1644
Handler 1983 14 198
Heyes 2017 123 60990
King 2013 396 4808
Leahy 2014 2098 69920
Likosky 2010 136 484
Littenberg 1995 94 217
Mahar 2013 1738 20212
Meybohm 2016 11431 75206
Norgaard 2017 5591 69882
Rana 2006 198 403
Spencer 2005 18 45
Ternstrom 2014 471 1034

Subtotal (I-squared = 91.1%, p = 0.000)

Education

Paone 2013 45
Valentine 2014 266
Yaffee 2014 263

5347
551
387

Subtotal (I-squared = 85.6%, p = 0.001)

Guidelines

Hassan 2010 2
Hoeg 2013 30
McSwiney 1993 26

24
33
80

Subtotal (I-squared = 90.6%, p = 0.000)

Protocol or Algorithm

Lee 2015 3
Muller 2004 43
Rineau 2016 5

97
217
183

Subtotal (I-squared = 31.4%, p = 0.233)

CPOE and Decision Support
Fenandez Perez 2007 528
Subtotal (I-squared = .%, p=.)

Reminders
Pentti 2003 53
Subtotal (l-squared = .%, p=.)

Audit Approval
Politsmakher 2013 2413
Subtotal (I-squared = .%, p =.)

Policy
Torella 2002 145
Subtotal (I-squared =.%,p =.)

1100

93

37082

375

Overall (I-squared = 90.5%, p = 0.000)

NOTE: Weights are from random effects analysis

BMJ Open

Control

No.

40
622
190
24
75
13210
316
849
110
195
615
1875
38
93
1710
9393
3092
281

657

56
145
324

18
146

10

24

583

49

3058

176

Total

104
3303
413
28
186
117444
630
1533
324
65016
4733
57327
86
195
19288
54513
30915
440
63
1128

6916
285
391

28
20
150

96
208
184

1100

105

35348

375

OR (95% Cl)

0.53 (0.29, 0.97)
0.65 (0.57, 0.74)
0.59 (0.45, 0.78)
0.54(0.15, 1.96)
0.24 (0.14, 0.40)
0.91(0.88, 0.94)
1.22 (0.96, 1.55)
0.94 (0.82, 1.08)
0.15 (0.08, 0.27)
0.67 (0.54, 0.84)
0.60 (0.53, 0.69)
0.91(0.86, 0.97)
0.49 (0.31, 0.79)
0.84 (0.57, 1.24)
0.97 (0.90, 1.04)
0.86 (0.84, 0.89)
0.78 (0.75, 0.82)
0.55 (0.41, 0.72)
0.27 (0.12, 0.60)
0.60 (0.51, 0.71)
0.73 (0.67, 0.79)

1.04 (0.70, 1.54)
0.90 (0.68, 1.20)
0.4 (0.31, 0.62)
0.74 (0.44, 1.24)

0.42 (0.07, 2.38)
1.1 (0.17, 7.30)
0.01 (0.00, 0.04)
0.17 (0.01, 3.15)

0.27 (0.07, 1.03)
0.46 (0.29, 0.71)
0.19 (0.07, 0.50)
0.34 (0.19, 0.60)
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0.82 (0.69, 0.97)

1.51 (0.86, 2.66)
1.51 (0.86, 2.66)

0.73 (0.70, 0.78)
0.73 (0.70, 0.78)

0.71(0.53, 0.95)
0.71 (0.53, 0.95)

0.70 (0.65, 0.76)

%
Weight

1.30
5.06
3.43
0.34
1.67
5.87
3.77
4.97
1.33
3.94
5.04
5.70
1.86
238
5.66
5.88
5.81
3.39
0.79
4.61
72.80

234
3.28
278
8.39

0.19
0.16
0.46
0.81

0.32
0.56

292

4.64
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Figure 2. Forest Plot of Odds of Patients Being Transfused, Stratified by Intervention.
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Checklist item
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of Manuscript File
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3 indicated)

TITLE 2
Title Identify the report as a systematic review, meta-analysis, or both. 1 1
ABSTRACT §
Structured Provide a structured summary including, as applicable: background; objectives; data source§; 3-4
summary study eligibility criteria, participants, and interventions; study appraisal and synthesis methoeols

results; limitations; conclusions and implications of key findings; systematic review reglstratlgn

number. =

=

INTRODUCTION =
Rationale Describe the rationale for the review in the context of what is already known. é' 6-7
Objectives Provide an explicit statement of questions being addressed with reference to participants, i 7

interventions, comparisons, outcomes, and study design (PICOS). 3
METHODS 5
Protocol and Indicate if a review protocol exists, if and where it can be accessed (e.g., Web address), an& if 7
registration available, provide registration information including registration number. P
Eligibility criteria Specify study characteristics (e.g., PICOS, length of follow-up) and report characteristics (e.@., 8

years considered, language, publication status) used as criteria for eligibility, giving rationalé\,
Information Describe all information sources (e.g., databases with dates of coverage, contact with studyh 7
sources authors to identify additional studies) in the search and date last searched. g
Search Present full electronic search strategy for at least one database, including any limits used, sgch Supplementary

that it could be repeated. File 3

Study selection

State the process for selecting studies (i.e., screening, eligibility, included in systematic revi
and, if applicable, included in the meta-analysis).

8, Supplementary

File 4
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Data collection 10 | Describe method of data extraction from reports (e.g., piloted forms, independently, in duph@te) 9
process and any processes for obtaining and confirming data from investigators. Ny
Data items 11 | List and define all variables for which data were sought (e.g., PICOS, funding sources) and any 9
assumptions and simplifications made. Z
Risk of bias in 12 | Describe methods used for assessing risk of bias of individual studies (including specmcatlo'n of |9
individual studies whether this was done at the study or outcome level), and how this information is to be used:m
any data synthesis. o
Summary 13 | State the principal summary measures (e.qg., risk ratio, difference in means). § 9
measures 2
Synthesis of 14 | Describe the methods of handling data and combining results of studies, if done, including f%f 9-10
results measures of consistency (e.g., I for each meta-analysis. e
Risk of bias 15 | Specify any assessment of risk of bias that may affect the cumulative evidence (e.g., publlcailon 10
across studies bias, selective reporting within studies). 5
Additional 16 | Describe methods of additional analyses (e.g., sensitivity or subgroup analyses, meta- § 9-10
analyses regression), if done, indicating which were pre-specified. S
RESULTS -]
Study selection 17 | Give numbers of studies screened, assessed for eligibility, and included in the review, with % 10,
reasons for exclusions at each stage, ideally with a flow diagram. % Figure 1
Study 18 | For each study, present characteristics for which data were extracted (e.g., study size, PICGS, 10-14,
characteristics follow-up period) and provide the citations. 5 Supplementary
% | File 5-6
Risk of bias 19 | Present data on risk of bias of each study and, if available, any outcome level assessment ('éee 14-15,
within studies item 12). E Supplementary
Q Files 7-8
Results of 20 | For all outcomes considered (benefits or harms), present, for each study: (a) simple summa#y 15-18,
individual studies data for each intervention group (b) effect estimates and confidence intervals, ideally with a'U Figure 2
forest plot. = )
P & Supplementary
= Files 9-15
(@]
S
=<
a2
=
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Synthesis of 21 | Present results of each meta-analysis done, including confidence intervals and measures o 15-18,
results consistency. N Figure 2
o )
; Supplementary
z Files 9-15
Risk of bias 22 | Present results of any assessment of risk of bias across studies (see Item 15). i 18-19
H o
across studies 5 Figure 3
Additional 23 | Give results of additional analyses, if done (e.g., sensitivity or subgroup analyses, meta- § 18
analysis regression [see Item 16]). gg_, Supplementary
8 File 16
DISCUSSION S
=
Summary of 24 | Summarize the main findings including the strength of evidence for each main outcome; consider | 19
evidence their relevance to key groups (e.g., healthcare providers, users, and policy makers). 1’3’
Limitations 25 | Discuss limitations at study and outcome level (e.g., risk of bias), and at review-level (e.g., § 21-22
incomplete retrieval of identified research, reporting bias). -(SD
Conclusions 26 | Provide a general interpretation of the results in the context of other evidence, and implicatlejﬂs 20-21, 22-24
for future research. ;
FUNDING ]
Funding 27 | Describe sources of funding for the systematic review and other support (e.g., supply of datig;), 25

role of funders for the systematic review.

From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting ltems for Systematic Reviews and Meta- Analys@s The PRISMA Statement. PLoS
Med 6(7): €1000097. doi:10. 1371/Journal pmed1000097
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Abstract

Page 46 of 96

Background: Recent evidence has demonstrated that a restrictive strategy for allogeneic red
blood cell transfusion may be equally as effective or potentially superior to a liberal transfusion
strategy. Despite this evidence, uptake of restrictive transfusion practices among ordering
physicians has been variable. A number of interventions to modify physician transfusion
practices, such as education, clinical practice guidelines, and audit and feedback mechanisms
have been described in the literature. The relative efficacy or effectiveness of these interventions,
with regards to changing physician behaviours and/or improving appropriateness of transfusions,
is not well understood.

Objective: This protocol outlines the procedures of a de novo systematic review of the literature
examining the impact of behavioural interventions on physician transfusion practices,
appropriateness of transfusions, and costs.

Methods: A systematic review will be completed. Seven multidisciplinary electronic databases
will be searched from inception. Abstracts and full-text papers will be screened for inclusion, in
duplicate, based on established criteria. Studies will be included if they: report original data from
a primary study; report outcomes on a behavioral intervention targeting physician transfusion
practices. Each included study will be assessed in duplicate for quality, using the Cochrane Risk
of Bias Checklist for Randomized Controlled Trials and the Downs and Blacks Checklist for
non-randomized studies.

Results: Contingent on the number of final studies identified, as well as the potential
heterogeneity in the characteristics of the articles and their reported outcomes, a meta-analysis
may be conducted. Should meta-analysis of pooled results be permitted, the analysis will be also
be stratified by study design type. If meta-analysis is not possible, a narrative approach to
synthesizing results will be used. Anticipated outcomes include: proportion of physicians using
restrictive transfusion strategies, rate of appropriateness of transfusions, change in healthcare
system costs, patient hospital length-of-stay, risk of adverse events, and physician attitudes and
acceptability towards the interventions.

Conclusions: The findings of this study will provide insight into which interventions most
effectively change physician behaviour concerning allogeneic blood transfusions. The results of
this research will help guide decision-makers and health care practitioners in their adoption of
updated allogeneic red blood cell transfusion strategies.
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Background

Blood and blood products, such as red blood cells (RBC), are scarce health resources that must
be managed carefully to ensure judicious use, patient safety, and availability for those most in
need of transfusions.' Attempts to improve blood product utilization across a variety of clinical
settings have promoted the use of more restrictive transfusion strategies.”> For example,
evidence-based guidelines in the Intensive Care Unit (ICU) recommend RBC transfusions for
certain patients (e.g. non-hemorrhagic) with a Hgb level below 7 grams per deciliter; above this,
transfusions may be clinically inappropriate and increase risk of adverse events and prolong
hospital stay.’ Despite these recommendations, a number of observational studies have
demonstrated variable uptake of restrictive transfusion practices among ordering physicians.®

In various clinical settings, physicians’ transfusion practices are likely influenced by a myriad of
social, cultural, and environmental factors. A number of interventions to modify physician
transfusion practices, such as education, clinical practice guidelines, and audit and feedback
mechanisms have been described in the literature.”'® The relative efficacy or effectiveness of
these interventions, with regards to changing physician behaviours and/or improving
appropriateness of transfusions, is not well understood.

Previous systematic reviews that have examined the impact of behavioural interventions on
physician transfusion practices reported substantial variability in the reduction in inappropriate
transfusion post-intervention.”'® Moreover, there were marked limitations in the quality of
evidence included in these previous reviews, and none of the evidence examined the cost-
effectiveness of the behavioural interventions.

This protocol outlines the procedures of a de novo systematic review of the literature examining
the impact of behavioural interventions on physician transfusion practices, appropriateness of
transfusions, and costs.

Primary Research Question:
What is the efficacy or effectiveness of behavioural interventions on physicians’ transfusion
practices, in comparison to standard care?

Secondary Research Question:
What is the impact of the behavioural interventions on the rate of RBC transfusions,
appropriateness of RBC transfusions, and healthcare system costs?

Using the PICOD methodology, the following details were used to derive the research question
for the systematic review and meta-analysis:

Population Physicians

Intervention Any behavioural intervention

Comparator Standard of care

Outcome Any (e.g. physician transfusion practices; utilization of RBC
transfusions; rate of appropriate RBC transfusions; healthcare system
costs)
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Design Randomized controlled trial (RCT), controlled clinical trial,
comparative cohort studies

Search Strategy

MEDLINE, PubMed, EMBASE, the Cochrane Central Registry of Controlled Trials, the
Cumulative Index to Nursing and Allied Health (CINAHL), the Cochrane Database of
Systematic Reviews and the Health Technology Assessment (HTA) database will be used for
this systematic review.

The search will include literature of all languages and published up until May 2015. The first
Boolean search will be done by using the term “or” to explode (search by subject heading) and
map (search by keyword) the following MeSH headings “*Blood Transfusion” or “transfusion®”’
or “overtransfusion®*” or “blood or blood product® or plasma”. This first set or terms will then be
combined using the Boolean operator “and” with the MeSH headings and keyword terms such as
“audit*” or “educat™*” or “feedback” or “guideline*” or “intervention*” or “train or training”.
The search will not include “standard care” as the comparator in the search strategy in order to
ensure that all relevant studies are included for the systematic review. The search will exclude
animal studies, case reports, comments, editorials and letters. No other limitations will be
applied. The details of the MEDLINE search are provided in Appendix 1.

The latter two databases will be specifically searched to identify previously published
publications or systematic reviews of relevance. The reference lists of identified systematic
reviews will then be hand-searched in duplicate to identify additional relevant articles. The
clinical trial registry “clinical trials.gov” will also be consulted to identify ongoing trials and
study protocols.

Identification of Articles Eligible for Systematic Review:
An initial screen of resulting abstracts will be screened in duplicate. Based on the above PICOD,
abstracts will be included for the subsequent full-text review if they report:

1. Original data from a primary study

2. A behavioural intervention targeting physician transfusion practices as the intervention

Abstracts will be excluded if they do not meet the above criteria. No fixed definition of a
behavioural intervention will be applied; thus any definition used within the included studies will
be accepted. Abstracts selected for inclusion by either reviewer will proceed to the full-text
review.

Abstracts included after the first screen will proceed to full-text review which will be completed
by two reviewers. Full-text articles will be included if they meet the inclusion criteria based on
the above PICOD criteria (presented in Table 1). Any disagreement between reviewers will be
resolved through discussion and consensus. A kappa statistic for reviewer agreement will also be
calculated.

Table 1: Inclusion and Exclusion Criteria for Review of Full-text Articles

Inclusion Criteria Exclusion Criteria

Full-text articles Articles not available in full-text
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Original data Non-original data (e.g. reviews)
Peer-reviewed articles Grey literature
Physicians (any healthcare setting) Other healthcare professionals
RCT, controlled clinical trial, comparative | Case studies, commentaries, editorials,
cohort studies (including pre-post) letters, opinions
Primary objective: clinical Animal studies

efficacy/effectiveness of interventions on
physician transfusion practices

Interventions: behavioural interventions Non-behavioural interventions
(e.g. education, audit and feedback)

Comparator: standard of care Not focused on primary objective

Any outcomes (e.g. number of
transfusions, physician attitudes, etc)

The final included articles will be divided into two categories based on their study design:
1. Group 1: RCTs and controlled clinical trials
2. Group 2: Comparative Cohort Studies

Data Extraction:

Relevant data from all included full-text articles will be extracted in duplicate using a
standardized data extractions form. This data extraction form will be used to compile the detailed
data by study type for Group 1 and Group 2. Any discrepancy in data extraction will be resolved
through consensus and discussion. Authors will be contacted if relevant information is not
reported or for clarification of results. Data extraction was designed to meet the PRISMA
checklist standards for reporting of systematic reviews and meta-analyses.''

Quality Assessment

During data extraction, the quality of each included study will also be assessed. Quality
assessment will be done in duplicate and will consist of a narrative assessment of quality coupled
with scores from relevant quality assessment scales. Specifically, the Cochrane Risk of Bias
Checklist will be used to evaluate the quality of the included RCTs in Group 1, and the Downs
and Black Checklist'> will be used to evaluate the quality of the included observational studies."

Data Analysis and Synthesis

We will summarize the number of articles included and excluded in each step of the review
process (abstract review and full-text review). This information will be presented in a flow-chart
format, following PRISMA Guidelines."" If an article is excluded after undergoing full-text
review, justification will be provided for its exclusion.

We will present data on the number and characteristics of included studies from the systematic
review, as well as the number and characteristics of included studies identified for meta-analysis.
All clinical outcomes reported by included studies will be reported narratively and summarized
in tables. Anticipated outcomes include: proportion of physicians using restrictive transfusion
strategies, rate of appropriateness of transfusions, change in healthcare system costs, patient
hospital length-of-stay, risk of adverse events, and physician attitudes and acceptability towards

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

ybuAdoo Ag pajoalold 1senb Ag 20z ‘8T |Hdy uo /wod fwg-uadolway/:dny wois pspeojumod "8T0Z ABIA 8T UO ZT66T0-.T0Z-uadolwa/oeTT 0T se paysiignd 1s1y :uado NG


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

Supplementary File 2. Study Protocol

the interventions. The way in which the outcomes were recorded or identified in each study (i.e.

patient-reported, validated instruments, physician assessment, , etc.) will also be collected and
described in this review, as the potential for heterogeneity in these methods may lead to
heterogeneity in the reported data.

Depending on the number of final studies identified, and heterogeneity of included studies, as,
meta-analysis may be conducted. Should meta-analysis of pooled results be permitted, the
analysis will be also be stratified by study design type (i.e. in Group 1 and Group 2).

Significance

The findings of this study will provide insight into which interventions most effectively change
physician behaviour concerning allogeneic blood transfusions. The results of this research will
help guide decision-makers and health care practitioners in their adoption of updated allogeneic
red blood cell transfusion strategies.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 50 of 96

yBuAdoo Ag palosloid 1senb Ag 20z ‘8T |udy uo /wod g uadolwq//:dny woij papeojumoq ‘8T0Z ABN 8T U0 ZT66T0-LT0Z-Uadolwag/9eTT 0T st paysiignd 1su1y :uado CING


http://bmjopen.bmj.com/

Page 51 of 96

oNOYTULT D WN =

BMJ Open

Supplementary File 2. Study Protocol

Reference List

1.

10.

11.

Shander A, Hofmann A, Gombotz H, Theusinger OM, Spahn DR. Estimating the cost of
blood: past, present, and future directions. Best Practice & Research Clinical
Anaesthesiology. 2007;21(2):271-289.

Hébert PC, Wells G, Blajchman MA, et al. A multicenter, randomized, controlled clinical
trial of transfusion requirements in critical care. New England Journal of Medicine.
1999;340(6):409-417.

Lacroix J, Hébert PC, Hutchison JS, et al. Transfusion strategies for patients in pediatric
intensive care units. New England Journal of Medicine. 2007;356(16):1609-1619.

Carson JL, Terrin ML, Noveck H, et al. Liberal or restrictive transfusion in high-risk
patients after hip surgery. New England Journal of Medicine. 2011;365(26):2453-2462.

Holst LB, Haase N, Wetterslev J, et al. Lower versus higher hemoglobin threshold for
transfusion in septic shock. New England Journal of Medicine. 2014;371(15):1381-1391.

Napolitano LM, Kurek S, Luchette FA, et al. Clinical practice guideline: Red blood cell
transfusion in adult trauma and critical care*. Critical care medicine. 2009;37(12):3124-
3157.

Carson JL, Carless PA, Hebert PC. Transfusion thresholds and other strategies for
guiding allogeneic red blood cell transfusion. Cochrane Database Syst Rev. 2012;4.

Francis JJ, Stockton C, Eccles MP, et al. Evidence - based selection of theories for
designing behaviour change interventions: Using methods based on theoretical construct

domains to understand clinicians' blood transfusion behaviour. British Journal of Health
Psychology. 2009;14(4):625-646.

Tinmouth A, MacDougall L, Fergusson D, et al. Reducing the amount of blood
transfused: a systematic review of behavioral interventions to change physicians’
transfusion practices. Archives of internal medicine. 2005;165(8):845-852.

Wilson K, MacDougall L, Fergusson D, Graham I, Tinmouth A, Hébert PC. The
effectiveness of interventions to reduce physician's levels of inappropriate transfusion:

what can be learned from a systematic review of the literature. Transfusion.
2002;42(9):1224-1229.

Moher D, Shamseer L, Clarke M, et al. Preferred reporting items for systematic review
and meta-analysis protocols (PRISMA-P) 2015 statement. Syst Rev. 2015;4(1):1.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

yBuAdoo Ag palosloid 1senb Ag 20z ‘8T |udy uo /wod g uadolwq//:dny woij papeojumoq ‘8T0Z ABN 8T U0 ZT66T0-LT0Z-Uadolwag/9eTT 0T st paysiignd 1su1y :uado CING


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

Supplementary File 2. Study Protocol

Appendix 1

MEDLINE Search Strategy

01N W W

\O

10
11

12.
13.
14.
15.
16.
17.
18.

19
or

20.
21.
22.
23.
24.
25.
26.

27
28

. exp *Blood Transfusion/
. (transfusion™® or overtransfusion*).tw.
. ((blood or blood product* or plasma) adj5 (usage or utilization)).tw.

lor2or3

. limit 4 to animals

. limit 4 to (animals and humans)

.5not6

.4 not7

. limit 8 to (case reports or comment or editorial or letter or "review")

.8not9

. ((systematic or critical or scoping) and (review or synthesis)).ti.

8and 11

limit 8 to systematic reviews

10or 12 or 13

Physician's Practice Patterns/

physicians/ or hospitalists/ or surgeons/

"Internship and Residency"/

exp Medical Staft/

. (clinical staff or doctors or hospitalist* or house officer* or house staff or housestaff or intern
interns* or medical officer® or medical staff or physician* or residents or surgeon™®).tw,kw.
I50rl6orl7orl8orl9

exp Medical Staff/ed [Education]

exp "Internship and Residency"/ed [Education]

education, medical/ or exp education, medical, continuing/

exp Medical Audit/

exp Guideline Adherence/ or exp Practice Guidelines as Topic/

exp Quality Assurance, Health Care/

. Quality Control/

. (audit* or educat* or feedback or guideline* or intervention* or program* or train or

training).tw.

29
30

.21 or22 or23 or 24 or 25 or 26 or 27 or 28
. 14 and 20 and 29
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MEDLINE May 2016

O 00 1IN DN W=

10
11

12.
13.
14.
15.
16.
17.
18.

19
or

. exp *Blood Transfusion/

. (transfusion™® or overtransfusion*).tw.

. ((blood or blood product* or plasma) adj5 (usage or utilization)).tw.
.lor2or3

. limit 4 to animals

. limit 4 to (animals and humans)

.5 not 6

.4 not7

. limit 8 to (case reports or comment or editorial or letter or "review")

.8not9

. ((systematic or critical or scoping) and (review or synthesis)).ti.

8and 11

limit 8 to systematic reviews

10or 12 or 13

Physician's Practice Patterns/

physicians/ or hospitalists/ or surgeons/

"Internship and Residency"/

exp Medical Staft/

. (clinical staff or doctors or hospitalist* or house officer* or house staff or housestaff
intern or interns* or medical officer* or medical staff or physician* or residents or

surgeon™).tw,kw.

20.

21

22.
23.
24.
25.
26.

27
28

I5orl6orl7orl8orl9

. exp Medical Staff/ed [Education]

exp "Internship and Residency"/ed [Education]

education, medical/ or exp education, medical, continuing/

exp Medical Audit/

exp Guideline Adherence/ or exp Practice Guidelines as Topic/

exp Quality Assurance, Health Care/

. Quality Control/

. (audit* or educat* or feedback or guideline* or intervention* or program* or train or

training).tw.

29
30

.21 or22 or23 or 24 or 25 or 26 or 27 or 28
. 14 and 20 and 29

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

yBuAdoo Ag palosloid 1senb Ag 20z ‘8T |udy uo /wod g uadolwq//:dny woij papeojumoq ‘8T0Z ABN 8T U0 ZT66T0-LT0Z-Uadolwag/9eTT 0T st paysiignd 1su1y :uado CING


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

Supplementary File 4. Inclusion and Exclusion Criteria for Review of Full-text Articles

Inclusion Criteria

Exclusion Criteria

Full-text articles

Atrticles not available in full-text (i.e. title
or abstracts only)

Original data

Non-original data

Peer-reviewed articles

Grey literature

Physicians and other healthcare providers
prescribing/ordering transfusions (any
healthcare setting)

Animal studies

RCT or quasi-experimental studies

Case studies, commentaries, editorials,
letters, opinions

Primary objective: efficacy/effectiveness of
intervention to modify RBC transfusion
practices

Not focused on primary objective

Interventions: behaviour modification
intervention targeted at healthcare provider
RBC transfusion practice (e.g. education,
guidelines, audit and feedback, order entry
systems, etc.)

Not a behaviour modification intervention

Comparator: any intervention including no
intervention (i.e. standard of care, historical
controls)

No comparator

Any outcomes (e.g. physician compliance
or patient outcomes)
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7 Author Healthcare | Target Blood Study Type of Length of | RBC D2finition of Types of
8 (Year) Setting Clinician Component | Design Control Follow-up | Transfusion Igppropriate Interventions
9 Country Group Criteria Tegansfusion
10 Multi-modal Interventions ‘fp
11 Abelow™ Tertiary care | All RBC Before and | Historical 1 year Hgb levels below NR Education,
12 (2017) centre physicians After Control 7 g/dL, or under 8 @ Reminders
13 Israel and nurses g/dL in the g
14 from presence of active 5
15 transfusion ischemia, active 2
16 service, bleeding, or §
17 medical, symptomatic 3
18 haematology anemia 3
19 —oncology, F
20 surgical and 'Z
2 obstetric g
2 wards, and g'
23 anaesthesia o}
24 Alavi- ED in one All ED staff | Blood Before and | Historical 3 months NR Ng Protocol,
25 Moghaddam41 academic and blood After Control '8 Education
26 (2014) and general | bank 3
27 Iran medical/surg | technicians e
28 ical hospital z
29 Andreasen® Cardiac Anesthesiol- | RBC, FFP, Before and | Historical 24 months | NR Dﬁined over- Education,
30 (2012) surgeries in gists, platelets After Control trésfusion as Guideline,
31 Denmark one surgeons, p]§portion of Algorithm
32 academically | intensivists, pa!gients
33 -affiliated and nurses transfused with
34 hospital RECS discharged
35 wgh hemoglobin
36 7 ®mol/L (11.3
37 2gL)
Q
38 Annan® ICU in one AIl'ICU staff | RBC Before and | Historical 1 month NR Ng “High-intensity
23 (2013) academically g ICU staffing
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Author Healthcare | Target Blood Study Type of Length of | RBC D@inition of Types of
(Year) Setting Clinician Component | Design Control Follow-up | Transfusion Igppropriate Interventions
Country Group Criteria Teansfusion
United States -affiliated After Control 2 (HIS)”, including:
community = changes in
hospital & Protocols, CPOE
N and Decision
& Support
v
o]
Ansari™ One All RBC Before and | Historical 12 months | 1) Acute bleeding T;Ensfusions that | Guideline, Audit
(2012) community | physicians After Control (blood loss of di@_ not meet & Feedback
United States hospital ordering >30%) with esgablished
transfusions tachycardia and c%teria, including
low blood p18-transfusion
pressure; hgb level greater
2) Hgb <9 g/dL in | th#n 9 g/dL
high-risk patients; g
3)Hgb<7g/dLin | o
patients with e
symptomatic g
chronic anaemia; P
4) Special g
circumstances o
(e.g. sickle cell ;
crisis and other =}
causes of poor N
oxygen delivery) *
Baer® Four All neonatal | RBC Before and | Historical 12 months | Hematocrit falls Ng Guideline, CPOE
(2011) neonatal ICU staff After Control below: g and Decision
United States ICUs in one * 40% fora P Support, and
healthcare patient on S Audit
system extracorporeal &
membrane g
oxygenation, §
* 35% fora g
patient on o
2
(@]
o
©
=<
S
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8 mechanical 2
9 ventilation =z
10 27% for a £
11 patient on §
12 supplemental o
13 oxygen or with 9
14 signs of S
15 anemia but not 5?_,
16 on mechanical &
17 ventilation, g
18 * 20% in any S
19 neonatal ICU =
20 patient 'i
21 Beaty* Cardiac Cardiac RBC Before and | Historical 17 weeks Hgb level of less Tgnsfusion Protocol, Audit
(2013) surgical ICU | surgery After Control than 8 g/dL trggger of hgb >8 | and Feedback
22 United States in one attendings, g/idL
23 academic cardiac g
24 hospital residents, §
25 and ICU 8
26 providers 2
27 (intensivists, S
28 surgery Z
29 residents, E
30 and mid- o
31 level S
32 providers) E
2431 Brandis*’ One acute All medical | RBC Before and | Historical 6 months Hgb level 7 g/dL I\@ Education,
35 (1994) care hospital | staff that After Control @ Protocol, Policies
Australia order o
36 transfusions g
38 anesthetics, g
39 surgery and k=3
40 a
41 §
42 =
43 =
44
45 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
46



http://bmjopen.bmj.com/

oNOYTULT D WN =

Page 58 of 96

=
=
BMJ Open o
o
3
o
©
@
=]
N,
o
'_\
~
[
Author Healthcare | Target Blood Study Type of Length of | RBC D@inition of Types of
(Year) Setting Clinician Component | Design Control Follow-up | Transfusion Iq@ppropriate Interventions
Country Group Criteria Teansfusion
ICU =
o
Brandt™ Surgical Intensivists, | RBC Before and | Historical 6 years Hgb level 8 g/dL. | N Protocol,
(2009) ICU in one fellows, and After Control N Education (to
United States hospital residents g residents)
o
Butler® Inpatient Clinical RBC, Before and | Historical 10 months | 1) Massive A§0ve the Education, CPOE
(2015) hematology | hematolog- platelets After Control bleeding with regommended and Decision
United Kingdom | services in ists treating blood pressure trigger of 8 g/dL Support, Audit
one patients instability; = and Feedback
academic receiving 2)Hgb 7 g/dL in a g
hospital intensive stable ICU >
chemotherap patient; S
y or 3) Hgb 8.0 g/dL >
hematopoie- in a non-ICU %
tic stem cell patient with 3
transplants signs/symptoms -l
of anemia; §
4) Hgb 10 g/dL g
with acute cardiac 3
ischemia; S
5) Surgical blood P
loss anticipated =
Corwin™ One level 1 Clinical staff | RBC Before and | Historical 18 months | 1) Acute N_R Education,
(2014) trauma in all major After Control hemorrhage or N Guideline, CPOE
United States centre clinical hemorrhagic N and Decision
departments, shock; g Support
high-volume 2) Hgb <7-8 Q
transfusing g/dL; 2
services, and 3) Acute MI, Hgb .
residents 8 g/dL; =l
4) Acute coronary | &
syndrome Hgb 8 2
g/dL; g
(@]
o
©
=
S
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=
g Use of the hgb g
10 concentration &
11 alone as a trigger S
12 for RBC &
transfusion was o
13 recommended %
14 against; decision %
15 to order an RBC 2
16 transfusion should (_OD;
17 also consider a o
18 patient’s :By
19 intravascular =
20 volume status, =
21 evidence of 3
22 shock, duration '(8D
23 and extent of 3
24 anemia, and z_gj,
25 cardiopulmonary '8'
26 physiologic 3
27 parameters as S
28 well as other >
29 symptomatology. =
30 Eindhoven'”’ Two All RBC Controlled | Standard of 12 months | 1) Presence of Ng Education,
31 (2005) hospitals physicians Before and | care in one anaemia-related N Guideline
32 Netherlands and nurses After hospital (i.e. symptoms and N (referred to as “6-
33 treating patients signs; g 8-10 Flexinorm™)
34 pa‘gents transtf)used flt 2) Diminished Q
undergoing a Hgb leve oxygen uptake in @
22 elective, below the lungs due to %
primary 10g/dL or respiratory 3
37 total hip haematocr-it disease; §
38 replacement level below 3) Inability of the g
23 30%); patient to g
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Author Healthcare | Target Blood Study Type of Length of | RBC D@inition of Types of
(Year) Setting Clinician Component | Design Control Follow-up | Transfusion Igppropriate Interventions
Country Group Criteria Teansfusion
Historical compensate for 5
Control the effects of =
haemodilution; &
4) Estimated S
blood loss and &
increased risk of O
re-bleeding; %
5) Enhanced need =
for oxygen %-j.
delivery (high o
body temperature, o
A 3
shivering and >
sepsis); and g
(6) Presence of =
symptoms or %.
signs of S
atherosclerosis of g
heart, brain or 3
renal vessels. Q
Frank™ Two All medical | RBC, FFP, Before and | Historical 30 months | Hgb less than 7 Hgb greater than “Patient Blood
(2017) academic staff platelets After Controls g/dL ot2qual to 7 g/dL | Management
United States centers and ordering > Program”,
© . .
three blood = including
community | products & Education,
hospitals N Guidelines, CPOE
N and Decision
g Support, Audit
Q and Feedback
Gallagher- Two All medical Blood Before and | Historical 28 months | NR NR Protocol,
Swann’! hospitals: staff in After Control 0 Education,
(2011) one tertiary adult, % Reminders
Australia maternity neonatal, %
and and e
<
(@]
o
©
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=
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8 gynaecologi- | antenatal, B
9 cal and pediatric =z
10 hospital; and | settings &
11 one tgrtigry §
12 paediatric 0o
hospital o
13 Gardner™ One tertiary | All Blood Before and | Historical 3 months If ordering for Dafined over- CPOE and
14 (1993) hospital physicians After Control anemia for packed trghsfusions as Decision Support,
15 United States and nurses cells: hgb < 10 thsése that did not | Audit and
16 ordering g/dL or m@et the Feedback
17 blood hematocrit below | transfusion
18 30% criferia
23 Garrioch™ One All RBC Before and | Historical 3 months NR NR Education,
21 (2004) academic physicians After Control g Guideline, Audit
2 United Kingdom | hospital g and Feedback,
23 (Scotland) _(3" Reminders
24 Geissler™ One trauma | All medical | RBC, FFP, Before and | Historical 12 months | NR NR “Patient Blood
25 (2015) centre staff platelets After Control 8 Management
26 Germany involved in = (PBM) Initiative”,
27 cardiac S including
28 surgeries P Education,
29 (e.g. heart = Guidelines Audit
30 transplantati & and Feedback,
31 on, aortic N and Policies
32 surgery, N
33 valve g
34 surgery) Q
35 Goodnough®® *’ One All RBC Before and | Historical 36 months | Hgb level of 7 N Education, CPOE
36 (2014a; 2014b) academic physicians After Control g/dL stable o and Decision
37 United States hospital ordering medical and =l Support
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g/dL for 2
patients with =z
acute coronary 2
syndromes S
Gutsche™ Surgical Cardiologi- RBC Before and | Historical 6 months Transfusion Thansfusion Education,
(2013) ICU in one sts, cardiac After Control associated with a associated with a Guideline, Audit
United States academic surgeons, pre-transfusion hgb from 7 mg/dL | and Feedback
hospital anesthesiolo- hgb <7.0 g/dL toey.9 mg/dL
gists, and wgﬁhout evidence
intensivists ofprgan ischemia,
involved in shock, pressor
the care of requirement, or
cardiac h&@norrhage
surgery =
patients El
Haldiman®® One tertiary- | All RBC, FFP, Before and | Historical 36 months | Hgb level of 8 ngﬁmsfusions not Guideline, Audit
(2014) care, Level I | physicians platelets, After Control g/dL or less and a C(ch_npliant with
United States trauma ordering cryoprecipita hematocrit level gadeline
hospital transfusions | te of 24% or less as g
a trigger point 3
Handler” One Surgeons RBC Between Standard of | 12 months | NR NR Education, Audit
(1983) community groups care in four P and Feedback
United States hospital hospitals =
'_\
Harrison®’ Regional Surgeons in | RBC Before and | Historical 12 months | NR V\ﬁ’}en the Hgb “Blood Watch
(2015) healthcare five surgical After Control mg > 100 g/dl Program” that
Australia system groups: p@t—operation; involved 21
comprised of | cardio- when Hgb min > | different system
232 public thoracic, 7&g/1 and <100 and behaviour
hospitals colorectal, g/fand when no modifying
gynaecology cliical interventions,
and in%ications are including
obstetrics, prgsent; and when | Education, Audit
Orthopaedic, HZb max levels and Feedback
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14 hospital 2
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16 1cks epartment ttending , etore an 1storica months gblevel /' g ucation, Audit
Hicks™ D Attendi RBC Before and | Historical 9 months | Hgblevel 7 g/dL | N Education, Audi
17 (2017) of surgery in | physicians, plasma, After Control for standard 3 and Feedback
18 United States one clinical platelets patients, 8 g/dL 3
19 academic fellows, for cardiovascular | Z
20 hospital residents, disease Z
2 and mid- g
22 level _8
23 providers e
24 King™ One All RBC Before and | Historical 8 months Hgb level 7 g/dL Ng Education,
25 (2013) community physicians After Control o Guideline, Audit
2% United States hospital S and Feedback
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2(1) Leahy”’ One All RBC Before and | Historical 36 months | NR N“K “Patient Blood
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36 2 Guideline, Audit
37 o} and Feedback,
38 o CPOE and
39 3 decision support
40 =
41 é
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(Year) Setting Clinician Component | Design Control Follow-up | Transfusion Igppropriate Interventions
Country Group Criteria Teansfusion
Likosky® Departments | Surgeons RBC Before and | Historical 27 months | 1) Intra-operative Nt% Protocol,
(2010) of medicine, | treating non- After Control patients: when = Education, Audit
United States surgery, emergent haematocrit falls 2 and Feedback
anesthesia, isolated below 19% on S
and coronary cardiopulmonary &
pathology, artery bypass o
and bypass graft 2) Post-operative S
disciplines surgery patients <75 5
from years: when %-j.
nursing, haematocrit falls 2
cardiothorac below 21% after o
-ic surgery, the procedure i
anaesthesia, until the patient %’
perfusion, was discharged =
quality from the hospital 3.
improve- 3) Patients >75 '(SD
ment, years: when g
transfusion haematocrit falls 3
medicine below 24% after g
and the procedure 3
epidemiolog until the patient S
y in one was discharged >
hospital from the hospital =
Littenberg61 ICU in one Intensivists RBC Before and | Historical 3 months During Ng Guideline, Order
(1995) hospital After Control intervention N Form and
United States period: Hgb < 8.6 N Decision Support,
g/dL or g Audit
hematocrit < 26% Q
@
. 2
During follow-up o
period: Hgb <=7 3
g/dL or o
hematocrit g
<=21% g
(@]
o
©
=
=
=

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



http://bmjopen.bmj.com/

=
Page 65 of 96 BMJ Open g
o
3
o
1 g
2 g
3 5
4 )
5 Author Healthcare | Target Blood Study Type of Length of | RBC D@inition of Types of
6 (Year) Setting Clinician Component | Design Control Follow-up | Transfusion Igppropriate Interventions
7 Country Group Criteria Teansfusion
8 Lucas®” One hospital | All Blood Before and | Historical 3 months Hgb level 80 g/L Nt% Education,
9 (1997) physicians After Control =z Guideline
10 Australia 2
11 Mahar® One tertiary | All RBC Before and | Historical 12 months | NR NR Protocol,
12 (2013) care, physicians After Control 5 Education
13 Pakistan academic 9
14 hospital 2
15 Marconi® One All RBC Before and | Historical 6 months NR P@Z_st—operative Protocol,
16 (1996) academic physicians After Control hg®matocrit above | Education,
17 Italy hospital 369 Guideline, CPOE
18 3 and Decision
19 _% Support
20 Markel® Orthopedic Orthopaedic | RBC Before and | Historical 6 months In post-operative | Ng Education,
21 (2016) services in service line After Control patients: pre- % Guideline, Audit
22 United States two "peer" practitioners transfusion 3 and Feedback
23 hospitals treating hgb of 8 g/dL or ;
24 patients with less or for 3.
25 primary total symptoms of 8
26 joint chest pain, 3
27 arthroplasty orthostatic S
28 hypotension, P
29 tachycardia =
30 unresponsive to &
31 fluid N
32 resuscitation, N
33 congestive heart g
34 failure ﬁg
35 M(:Crory66 Pediatric Pediatric RBC Before and | Historical 24 months | NR Ng Protocol, CPOE
36 (2014) ICU in one ICU and After Control o and Decision
37 United States children’s pediatric =l Support
38 hospital hematology 8
39 attending 3
40 physicians %
4 3
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Meybohm'” Four All staff RBC Before and | Historical 21 months | Hgb <6 g/dL Nt% “Patient Blood
(2016) academic After Control independent of = Management
Germany hospitals any compensation 2 program”,
possibility; S including
Hgb 6-8 g/dL & Education,
clinical symptoms @) Guidelines,
of anemix % Checklist
hypoxia, limited 5
compensation, %
existing risk 2
factors S
Morrison®’ Department | All staff RBC, FFP, Before and | Historical 10 months | NR Ni Education,
(1993) of Obstetrics | physicians platelets After Control % Guideline, Audit
United States and and residents = and Feedback,
Gynecology %. Paper Order Form
in one kS
academic g
hospital 3
Murphy®® Seven ICUs | Intensivists, | RBC Before and | Historical 12 months | NR Ng Education, Audit
(2016) in an advanced After Control Py and Feedback,
United States academic practice ; and Unit-based
healthcare providers =] Provider Financial
system (APPs) (i.e. N Incentives
nurse -2
practitioners Q
and &
o o (=3
physician é
assistants), &
and &
physicians in 3
training =
Norgaard™ One tertiary | All RBC Before and | Historical 12 months | Hgb 7.3 g/dL for | Hgb>9.7 g/dL “Patient Blood
(2017) care hospital | physicians After Control stable non- g Management
S
o
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6 (Year) Setting Clinician Component | Design Control Follow-up | Transfusion Igppropriate Interventions
7 Country Group Criteria Teansfusion
8 Denmark and nurses bleeding patients 5 Intervention”,
9 =z including
10 & Education,
11 S Guidelines, Audit
12 & and Feedback
13 Oliver®” One All RBC, FFP, Before and | Historical 6 months Hgb 7 g/dL or Ng Education,
14 (2014) academic physicians platelets After Control less in non- =3 Guideline, Audit
15 United States hospital bleeding patients g.:_ and Feedback
16 (as per TRICC o
17 trial) 3
18 * Transfuse 1 unit 3
19 and reassess =
20 unless ongoing 2
21 blood g
22 loss (1500 - S
23 2000ml) or _ g
24 hemodynamic g

instability =
2 » Exceptions: g
26 . ) 3
27 z'ictlve c'oronary. °
ischemia, ongoing >

28 blood '5
29 loss, severe =
30 sepsis/septic ®
31 shock E
32 Rana’’ Multidiscipl- | All ICU RBC Before and | Historical 3 months Hgb level 7g/dL PrR-transfusion Education, CPOE
33 (2006) inary ICU physicians After Control hgo >7 g/dL in and Decision
34 United States (medical, and nurses thg absence of Support,
35 surgical, adbive bleeding, Algorithm
36 and mixed) eadly septic shock,
37 in one oigschemia
38 tertiary e
39 academic o
40 S
4 3
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hospital 5
Rehm”' One Veteran | Allstaffand | RBC Before and | Historical 12 months | Hgb level <7 g/dL H?o level >10 Paper order form
(1998) Affairs residents in After Control gﬁL and Decision
United States hospital medical and 2 Support, Audit
surgical g and Feedback,
specialties 2 Audit Approval,
from two =1 Reminders
local g.:_
university o
programmes =
Rosen’” One private | All staff RBC, FFP, Before and | Historical 36 months | Hgb level <8g/dL | T@nsfusions not | Education,
(1993) tertiary care platelets, After Control mgeting Guideline, CPOE
United States hospital cryoprecipit- tr_ainsfusion and Decision
ate creria Support, Audit
g and Feedback
@D
Rothschild®’ One All staff RBC, FFP, Before and | Historical 3 months Hematocrit <21% T@nsfusions not Education,
(2007) academic platelets After Control mzeting Guideline
United States hospital tr&hsfusion
criferia
o
Spencer”’ One hospital | All RBC Before and | Historical 12 months | Signs of Tsjgnsfusions not Guideline, Paper
(2005) anesthetic After Control cardiovascular meeting Order Form and
United States and surgical instability from transfusion Decision Support,
staff treating excessive intra- criferia Audit and
patients operative blood S Feedback,
undergoing loss, was g Reminders
hip and knee symptomatically o
arthroplasty anaemic s
postoperatively, &
or the hgb level g
fell below 8 g/dL T
Tavares’ " One All staff RBC Before and | Historical 9 years Hgb level HED level >9g/dL. | Education, Audit
(2014) academic After Control between 8-9 g/dL reéommended for | Approval
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8 United States tertiary care caoigcellation
9 hospital =
10 Ternstrom” Cardiac All staff RBC, Before and | Historical 24 months | Hgb level <6 g/dL I\TR “Blood
11 (2014) surgery particularly | plasma, after Control 2 Conservation
12 Sweden services in surgeons, platelets = Programme”
13 one anaesthetis- g consisting of
14 academic ts, residents, 3 Education,
15 hospital OR-, ICU- ga_ Guidelines, and
16 and ward o Self-Audit
17 nurses, nurse =)
18 helpers, S
19 physiothera- =
20 pists and Z
21 perfusionists g
22 Tseng'® One Residents or | RBC Before and | Historical 3 months Bleeding patients: I\@ Checklist, Order
23 (2016) academic attending After Control hgb <8 g/dL g Set
24 Canada hospital physicians Non-bleeding g
25 patients: hgb <6 Py
2% g/dL S
27 Vos'® Eight All All blood Before and | Historical 24 months | 1) Operated NR Education,
(1994) hospitals: physicians components | After Control patients: hgb >10 ; Guideline
28 Tanzania four g/dL; =]
29 government 2) Pregnancy: hgb i
30 hospitals and >7 g/dL when -S
31 three >36 weeks, hgb S
32 missions >6 g/dL when =
33 hospitals <36 weeks; o
34 3) children: hgb S
35 >4 g/dL; other: &
36 hgb >5 g/dL 3
37 Yeh' Surgical Residents, RBC Before and | Historical 6 months Hgb level <8 g/dL | Hgb level >8 g/dL | Education, Audit
38 (2015) ICU in one fellows, After Control g and Feedback
39 United States tertiary care | attending =
40 5
4 3
<
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Country Group Criteria Teansfusion
hospital physicians 5
of both ICU =
and surgical 2
teams S
Yerrabothala”® One All staff RBC Before and | Historical 6 months Hgb level < 7g/dL | Ttansfusions not CPOE and
(2014) academic After Control mg)eting Decision Support,
United States tertiary care transfusion Policy
hospital cr?ajeria
Zelinka” Cardiac All medical | RBC Before and | Historical 4 years NR Ng
(2010) surgery staff After Control 3
United States services in involved in 3
one cardiac =
community surgeries Z
hospital g
Single Interventions =
Boral® One tertiary | All medical, | RBC Before and | Historical 36 months | Hgb level of 7 Ng Education
(2015) care hospital | surgical, After Control g/dL or Hct of 3
United States nursing and 21% 3
blood bank 3
staff S
Hillman®' Twenty-two | All RBC, whole | Before and | Historical 6 months NR NR Education
(1979) area physicians blood After Control =
United States hospitals @
N
Joubert™ Departments | All RBC Before and | Historical 2 weeks Usually Nf# required Education
(2014) of internal physicians After Control appropriate when wgen Hgb level
South Africa medicine, Hgb<6.9 g/dL; | >510g/dL
intensive When Hb 7.0-9.9 o
care, g/dL depends on
obstetrics & clinical picture
gynaecology
and general
surgery in
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8 one hospital =
9 Joyce'” One Interns All blood Between Standard of | 3 months NR N Education
10 (2015) academic components | Groups Care N
11 Ireland hospital g
:g Ledo" One All RBC Before and | Historical 6 months NR Ng Education
14 (2015) academic physicians, After Control =
15 Brazil hospital nurses, and 3
16 nursing =
technicians 2
17 Paone™ Thirty-three | Cardiac RBC, FFP, Before and | Historical 4 years NR Ng Education
18 (2013) hospitals in surgeons platelets After Control =
;g United States one state %’
21 Soumerai*’ Surgical and | Surgeonsin | RBC Cluster Standard of | 6 months 1) Hematocrit Tgnsfusions not Education
22 (1993) medical orthopedic, RCT Care <24%, a fall in mgeting
23 United States services vascular, and (service- hematocrit of 6 tréhsfusion
24 from two general level) percentage points crgeria
25 academic surgery and or more within 24 P
26 and two general hours, or %
27 community medicine 2) A pre- S
28 hospitals attending transfusion >
29 physicians hematocrit E
30 between 24% and 2
30% in the o
31 presence of one of S
32 the following: g
33 angina within 24 o
34 hours prior to s
35 transfusion, 2
36 myocardial J
37 infarction within %
38 6 weeks prior to &
39 transfusion, an 3
40 S
41 §
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Country Group Criteria Teansfusion
electrocardiogram 2
indicating acute =z
ischemia or acute &
infarction, or S
3) Blood loss of &
1000 mL or o
greater prior to 2
transfusion %
Valentine™ Medical- Pediatric RBC, whole | Before and | Historical 24 months | Hgb level <7 g/dL N% Education
(2014) surgical intensivists blood After Control =
United States pediatric g
ICU in one >
children’s g
hospital S
3
Yaffee™ Cardiac Surgeons, RBC Before and | Historical 24 months | Hgb level <8 g/dL N_'g Education
(2014) surgery surgical After Control )
United States services in residents, g
one hospital | anesthesiol- Py
ogists, g
perfusionis- o
ts, and ;
recovery E
room and e
intensive _S
care unit N
nurses, g
operating on é
aortic valve S
replacement &
patients LY
Hassan'"* One General Blood Between Standard of | 36 months | NR N% Guideline
(2010) children’s pediatricians Groups Care g
United States hospital and =
S
o
©
=
S
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8 hospitalists 2
9 Hoeg"’ Hematology | All medical | RBC Before and | Historical 36 months | Hgb level N& Guideline
10 (2013) department staff treating After Control between 7.3 and 2
11 Denmark in one patients with 9.7 g/dL and only S
12 university acute in the presence of &
13 hospital myeloid symptomatic 9
leukemia anaemia, coronary s
14 artery disease, 5
15 ongoing blood %
16 loss or sepsis o~
17 Horowitz"*® One hospital | All RBC, FFP, Before and | Historical 6 months NR Tgmsfusions not Guideline
18 (1991) physicians platelets, After Control justified by the
19 Saudi Arabia treating cryoprecipita rejéfults of hgb
20 cardiac te legels (not
21 surgery spEcified) and
22 patients c@gulation tests
-]
;i McSwiney™ Anesthesia All Blood Before and | Historical NR Hematocrit less Dgcharge Guideline
25 (1993) department physicians After Control than 30 in men hggnatocrit
26 Ireland in one treating and 27 in women e@eedmg 36%
27 hospital patients o
28 undergoing ;
total hip =]
29 arthroplasty -
30 Ciccocioppo’! One hospital | All medical | RBC Before and | Historical 30 months | NR N“K Protocol
31 (2011) staff treating After Control S
32 Australia patients with g
33 lower GI o
34 bleed S
35 Despotis® One hospital | Anesthesiol- | RBC, FFP, RCT Standard of | NR NR NR Algorithm
36 (1994) ogy and platelets (individual | Care J
37 United States surgery staff -level) 3
38 physicians &
39 treating 3
40 S
41 §
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(Year) Setting Clinician Component | Design Control Follow-up | Transfusion Igppropriate Interventions
Country Group Criteria Teansfusion
cardiac =
o
surgery =
patients £
Lee” One hospital | Physicians Blood Before and | Historical 4 months NR NB Protocol
(2015) treating After Control &
China patients for o
o
total knee =
replacement <)
Muller” Orthopedic Nurses and RBC Before and | Historical NR Multi-criteria Ng( Algorithm
(2004) unit and physicians in After Control based on 2
Switzerland intensive orthopaedic, implemented g
care unit in anaesthesio- guideline >
tertiary care | logy, and %’
hospital intensive >
care treating %.
patients B
underoing -l
total joint 3
replacement Q
Rineau™ Orthopaedic | All Blood Before and | Historical 6 months Hgb level <7 or 8 | NR Protocol
(2016) surgery physicians After Control g/dL depending S
France service in treating on cormobidities P
one patients =
academic undergoing &
hospital total hip N
arthroplasty N
or total knee g
arthroplasty «Q
Vrotsos™* Cardiac unit | All Blood Before and | Historical 6 months NR N& Protocol
(2015) in one physicians After Control -
United States hospital S
®
Whitney” Pediatric All RBC, Before and | Historical 12 months | NR Ng Protocol
(2013) operating physicians plasma, After Control g
S
o
©
=
=
=
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8 United States rooms and treating platelets, 5
9 ICU in one pediatric cryoprecipita =z
10 tertiary care | cardiac te 2
11 child'ren’ s surgery §
12 hospital patients co
13 Torella” One All RBC Before and | Historical 6 months Hgb level <8g/dL Ng Policy
14 (2002) academic physicians After Control in the absence of 3
15 United Kingdom hospital treating symptoms ga_
16 patients @
17 undergoing 3
18 coronary 3
19 artery =
20 bypass graft 2
21 surgery, total g
22 hip )
23 replacement, g
24 colectomy, g
25 and Py
2% transurethral g
>7 prostatect- C;)
omy. 2
28 Adams”’ Acute care Pediatricians | RBC Before and | Historical 12 months | NR N'g CPOE and
29 (2011) and Pediatric | and pediatric After Control N Decision Support
2(1) United States ICU wards intensivists -S
in one Q
32 children’s E
33 hospital P
gg Fernandez Perez” | Three multi- | Intensivists RBC Before and | Historical 12 months | Hgb level >7 g/dL N& CPOE and
36 (2007) disciplinary After Control in the presence of - Decision Support
37 United States ICUs in one active bleeding, =l
38 hospital ischemia or early 8
39 septic shock 2
O
40 5
41 §
42 =
43 =
44
45 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
46



http://bmjopen.bmj.com/

oNOYTULT D WN =

Page 76 of 96

Y
(=Y
BMJ Open o
o
3
o
©
@
=]
N
o
'_\
\I
o
Author Healthcare | Target Blood Study Type of Length of | RBC D@inition of Types of
(Year) Setting Clinician Component | Design Control Follow-up | Transfusion Igppropriate Interventions
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McWilliams” Eleven All RBC Before and | Historical 10 months | 1) Hgb level of Nt% CPOE and
(2014) hospitals in a | physicians After Control 8.0 g/dL or lower = Decision Support
United States regional in a non—ICU 2
healthcare patient with signs S
system, and symptoms of &
including anemia o
level 1 2) Hgb level of 2
trauma 7.5 g/dL or lower 5
centers, a in a stable ICU %-j.
cancer patient 2
treatment 3) Hgb level of 10 o
hospital, and g/dL or lower :By
one centre with acute cardiac | §
specializing ischemia =
in women’s 4) Surgical blood 3.
.. o]
health loss anticipated S
5) Acute bleeding g
with blood 3
pressure (BP) g
instability 3
Rothschild®’ One All staff RBC, FFP, RCT Standard of | 4 months Hematocrit <21% | T&nsfusions not CPOE and
(2007) academic platelets (individual | Care m_geting Decision Support
United States hospital -level) transfusion
crggeria
Lam'™ Two “peer” All RBC, FFP, Controlled | Standard of | 4 months NR Ng Reminders
(1997) non- physicians platelets Before and | Care; g (through self-
United States academic After Historical é audit)
hospitals Control S
(7]
Pentti ' Medical- All RBC, FFP, Before and | Historical 3 months Hgb level <80 g/L | Tignsfusions Reminders
(2003) surgical ICU | physicians platelets After Control abmve the (through
Finland in one regommended electronic audit)
academic tréhsfusion
(=3
<
(@]
Q
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8 hospital criteria
9 Lam'" Five All RBC Between Standard of | 34 months | Hgb level >= N§ Audit and
10 (1996) hospitals physicians Groups Care 90g/L N Feedback
11 United States including 2
12 three g
13 academic 2
14 and two non- 2
15 academic g
16 Lewis'"' Cancer All RBC Before and | Historical 24 months | NR NR Audit and
17 (2015) centre in one | physicians After Control S Feedback
18 United States academic treating ZBT
19 hospital patients with g
20 head and =
21 neck cancer =l
22 Tuckfield'”” One hospital | All medical | RBC, FFP, Before and | Historical 3 months 1) Hgb <7 g/dL Tgnsfusions not | Audit Approval
23 (1997) staff platelets After Control for severe anemia; mg_eting
24 Australia 2) Hgb between trahsfusion
25 7-10 g/dL for cigeria
26 anemia, bone 3
27 marrow failure, S
28 anemia and P
29 sepsis, continuing =
30 blood loss, and &
31 abnormal N
32 bleeding during N
33 an operation; Z
35 for perioperative 2
36 period -
37 Politsmakher'” Departments | All RBC, FFP, Before and | Historical 24 months | 1) Symptomatic Trnsfusions not Audit Approval
38 (2013) of medicine, | physicians platelets, After Control anemia Hgb <7 m@eting
39 United States surgery, cryo- g/dL; tréhsfusion
obstetrics/ 2) Active g
40 oy
41 §
42 =
43 =
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gynecology, precipitate bleeding, blood cngeria
pediatrics, loss 15% of blood
and volume;
emergency 3) Chronic
medicine in transfusion in
one sickle cell/
community- thalassemia
based patients;
academic 4) Before major
hospital elective procedure
Hgb <8 g/dL
5) Red cell
exchange in sickle
cell patients to
attain Hgb Y4
10g/dL and Hgb S
<30%
Madrigal®’ Two tertiary | All RBC Interrupted | Historical 3.5 years Symptomatic N Prospective Audit
(2017) hospitals, physicians Time Control anemia with Hgb
United States one trauma Series less than 7 g/dL;
centre or acute bleed

with shock;

or symptomatic
anemia with Hgb
less than 8 g/dL
for patients

on chemotherapy
or with MDS
diagnosis; or
anemia with Hgb
less than 9 with
cardiac
symptoms,
angina, ischemic
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8 EKG changes [
9 ED: emergency department; CPOE: computerized physician order entry; FFP: fresh frozen plasma; GI: gastr@ntestmal Hgb:
10 hemoglobin; ICU: intensive care unit; NR: not reported; RBC: red blood cell; RCT: randomized controlled ttfal
O
12 :
13 s
14 5
15 2
16 g
17 3
18 =
19 8
20 =
21 3
22 3
23 3
24 El
25 g
26 3
27 S
28 Z
29 =
30 &
31 8
32 R
33 3
34 Q
D
35 4}
36 o
37 s
38 g
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Supplementary File 6. Composition of Multi-modal Interventions 9
N
Interventions 5
&

= ) = - = E = - ) 4 2

S £ £g | 9§ S S e S = £z 2 =

Study E 5 | S |=232| E% |28E| E Z | gz | 2 | 2% | ¢ g

2 T | 3% |E25| & | £8<| B S | 22| B | 22| % g

=2 o & | OR®A | aZ & < 2 o & g
Abelow (2017) v v g
Alavi-Moghaddam (2014) *' v v El
Andreasen (2012) ** 4 4 V4 @
o
Annan (2013) * v v 3
3
Ansari (2012) * v v -
Baer (2011) ® v v A
(o)
Beaty (2013) *° v v 2
Brandis (1994) *’ v v v E
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3 Supplementary File 9. Forest Plot for Odds of Patients Being Transfused Sorted by Year
g of Publication

6

7 %

g Author Year OR (95% CI) Weight
1 O I

11 Handler 1983 — 0.15 (0.08, 0.27) 1.33
12 McSwiney 1993 ~ —4— : ‘ 0.01 (0.00, 0.04) 0.46
13 Littenberg 1995 - 0.84 (0.57, 1.24) 2.38
14 Torella 2002 - 0.71 (0.53, 0.95) 3.23
15 Pentti 2003 '—— 1.51 (0.86, 2.66) 1.44
:? Muller 2004 - | 0.46 (0.29, 0.71) 2.04
18 Garrioch 2004 L d 1.22 (0.96, 1.55) 3.77
19 Eindhoven 2005 —- ‘ 0.24 (0.14, 0.40) 1.67
20 Spencer 2005 —+—: 0.27 (0.12, 0.60) 0.79
21 Rana 2006 - 0.55 (0.41, 0.72) 3.39
22 Fenandez Perez 2007 . 0.82 (0.69, 0.97) 4.64
23 Brandt 2009 - 0.59 (0.45, 0.78) 3.43
24 Likosky 2010 - 0.49 (0.31, 0.79) 1.86
;2 Hassan 2010 ; 0.42 (0.07, 2.38) 0.19
57 Baer 2011 . 0.65 (0.57, 0.74) 5.06
28 King 2013 . 0.60 (0.53, 0.69) 5.04
29 Hoeg 2013 —_—— 1.11 (0.17, 7.30) 0.16
30 Annan 2013 —o—| 0.53 (0.29, 0.97) 1.30
31 Paone 2013 - 1.04 (0.70, 1.54) 2.34
32 Politsmakher 2013 * 0.73 (0.70, 0.78) 5.75
g i Mahar 2013 . 0.97 (0.90, 1.04) 5.66
35 Ternstrom 2014 * 0.60 (0.51, 0.71) 4.61
36 Yaffee 2014 - 0.44 (0.31, 0.62) 2.78
37 Valentine 2014 - 0.90 (0.68, 1.20) 3.28
38 Leahy 2014 . 0.91 (0.86, 0.97) 5.70
39 Geissler 2015 - 0.94 (0.82, 1.08) 4.97
40 Butler 2015 — 0.54 (0.15, 1.96) 0.34
41 Lee 2015 —_— 0.27 (0.07, 1.03) 0.32
g Rineau 2016 — 0.19 (0.07, 0.50) 0.56
44 Meybohm 2016 . 0.86 (0.84, 0.89) 5.88
45 Frank 2017 . 0.91 (0.88, 0.94) 5.87
46 Norgaard 2017 * 0.78 (0.75, 0.82) 5.81
47 Heyes 2017 - 0.67 (0.54, 0.84) 3.94
48 Overall (I-squared = 90.5%, p = 0.000) ' 0.70 (0.65, 0.76) 100.00
49 .

50 NOTE: Weights are from random effects analysis :

g L

53 Favours Intervention  Favours Control

54

55
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Ternstrom
Torella
Valentine
Yaffee

Year

2013
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2007
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2013
2013
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2013
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2013
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2014
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Introduction

BMJ Open

Control

No.

25
449
160
29
528
6088
254
886
123
30
396
2098

136
94
1738
26
11431
43
5591
45
53
2413
198
5

18
471
145
266
263

Total
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3444
477
38
1100
58732
461
1644
60990
33
4808
69920
97
484
217
20212
80
75206
217
69882
5347
93
37082
403
183
45
1034
375
551
387

Subtotal (I-squared = 89.6%, p = 0.000)

Controlled Before and After

Eindhoven

2005

26

Subtotal (I-squared =.%, p=".)

Non-randomized Trial

Handler
Hassan

1983
2010

14
2

186

198
24

Subtotal (I-squared = 18.7%, p = 0.267)

Overall (I-squared = 90.5%, p = 0.000)

No.

40
622
190
24
583
13210
316
849
195
18
615
1875
10
38
93
1710
146
9393
73
3092
56
49
3058
281
24
45
657
176
145
324

75

110

NOTE: Weights are from random effects analysis

Total

T
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*
Py

3303
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28 —
1100 S
117444 S

630 .
1533 'S
65016 .

20 —_——
4733 .

57327 TS
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86 -

195 -
19288 .

150 ——tt—
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208 -

30915 S
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105 —-
35348 S

440 *

184 ——
63 -
1128 .
375 -
285 ->
391 -~
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- - — - — — = — - — — — —=m

L - - - - —

OR (95% ClI)

0.53 (0.29, 0.97)
0.65 (0.57, 0.74)
0.59 (0.45, 0.78)
0.54 (0.15, 1.96)
0.82 (0.69, 0.97)
0.91 (0.88, 0.94)
1.22 (0.96, 1.55)
0.94 (0.82, 1.08)
0.67 (0.54, 0.84)
1.1 (0.17, 7.30)
0.60 (0.53, 0.69)
0.91 (0.86, 0.97)
0.27 (0.07, 1.03)
0.49 (0.31, 0.79)
0.84 (0.57, 1.24)
0.97 (0.90, 1.04)
0.01 (0.00, 0.04)
0.86 (0.84, 0.89)
0.46 (0.29, 0.71)
0.78 (0.75, 0.82)
1.04 (0.70, 1.54)
1.51 (0.86, 2.66)
0.73 (0.70, 0.78)
0.55 (0.41, 0.72)
0.19 (0.07, 0.50)
0.27 (0.12, 0.60)
0.60 (0.51, 0.71)
0.71 (0.53, 0.95)
0.90 (0.68, 1.20)
0.44 (0.31, 0.62)
0.74 (0.69, 0.79)

0.24 (0.14, 0.40)
0.24 (0.14, 0.40)

0.15 (0.08, 0.27)
0.42 (0.07, 2.38)
0.18 (0.08, 0.39)

0.70 (0.65, 0.76)

Supplementary File 10. Forest Plot of Odds of Patients Being Transfused, Stratified by
Study Design

O/O
Weight

1.30
5.06
3.43
0.34
4.64
5.87
3.77
4.97
3.94
0.16
5.04
5.70
0.32
1.86
2.38
5.66
0.46
5.88
2.04
5.81
2.34
1.44
5.75
3.39
0.56
0.79
4.61
3.23
3.28
2.78
96.80

1.67
1.67

1.33
0.19
1.53

100.00

I
A 1

Favours Intervention Favours Control

I
10
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1
2
2 Supplementary File 11. Forest Plot for the Odds of Patients Being Inappropriately
p Transfused
6
7
8
9 Intervention Control %
uthor ear 0. otal 0. otal 95% eight
10 Auth Ye N Total N Total OR ( Cl) Weigh
11
I
12 Multi-modal !
utsche 2013 19 243 37 252 0.49 (0.27,0.88) 8.24
13 Gutsch —— ( )
arrison 2015 4799 158379 8974 148821 0.49 (0.47,0.50) 14.87
14 Harri 0 ( )
12 Leahy 2014 8390 69920 9172 57327 : L 4 0.72 (0.69,0.74) 14.88
17 Rana 2006 11 403 73 440 — : 0.14 (0.07,0.27) 7.45
18 Vos 1994 365 1042 335 842 : L 0.82(0.68,0.98) 13.76
19 Yeh 2015 3 15 37 147 —:—‘— 0.74 (0.20,2.78) 291
20 Subtotal (I-squared = 98.2%, p = 0.000) b 0.54 (0.41,0.71) 62.09
I
21 1
I
22 Guidelines :
23 McSwiney 1993 4 80 66 150 €—o— ! 0.07 (0.02,0.19)  4.09
24
. Subtotal (I-squared = .%, p = ) <> 0.07 (0.02,0.19)  4.09
I
26 !
27 Protocol or Algorithm :
28 Muller 2004 35 217 91 208 - 0.25 (0.16, 0.39)  10.01
29 Subtotal (I-squared = .%, p =.) : 0.25 (0.16,0.39) 10.01
30 :
I
31 Reminders 1
I
g g Pentti 2003 7 93 41 105 — 0.13 (0.05,0.30) 5.37
I
32 Subtotal (I-squared = .%, p =) < ! 0.13(0.05,0.30) 5.37
I
35 I
36 Audit and Feedback :
37 Lewisetal 2015 156 1389 177 2618 ! - 1.74 (1.39,2.19) 13.30
38 Subtotal (I-squared = .%, p =.) | <> 1.74 (1.39,2.19) 13.30
39 !
I
2(1) Audit Approval :
I
42 Tuckfield 1997 6 200 32 200 —_— 0.16 (0.07,0.40) 5.13
I
43 Subtotal (I-squared = .%, p =) < 0.16 (0.07,0.40) 5.13
I
44 !
45 Overall (I-squared = 97.6%, p = 0.000) ¢ 0.46 (0.36, 0.59) 100.00
46 !
47 NOTE: Weights are from random effects analysis :
I I
48 A 1 10
49 Favours Intervention Favours Control
50
51
52
53
54
55
56
57
58
59
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Supplementary File 12. Forest Plot for the Mean Number of RBC Units Transfused Per
Patient

Mean RBC Units

oNOYTULT D WN =

Author Year Intervention Control

Multi-modal Intervention

%
WMD (95% Cl)  Weight

1

|
Alavi-Moghaddam 2014 .91 .58 ] 0.33 (0.30,0.36) 15.37
Annan 2013 3.1 3.7 i -0.60 (-0.89, -0.31) 0.98
Brandt 2009 1.71 3.2 * 1 -1.49 (-1.53, -1.45) 14.22
Butler 2015 4.8 5.9 ~— -1.10 (-3.64, 1.44) 0.01
Corwin 2014 .41 .58 * -0.17 (-0.17,-0.17) 18.37
Eindhoven 2005 .3 1 - . -0.70 (-0.95, -0.45) 1.32
Frank 2017 3.5 4 * -0.50 (-0.55, -0.45) 11.45
Meybohm 2016 1 1.21 * -0.21 (-0.21, -0.21) 18.37
Murphy 2016 .5 .6 * -0.10 (-0.15, -0.05) 12.56
Rana 2006 .86 1.08 - -0.22 (-0.53, 0.09) 0.88
Ternstrom 2014 2.8 3.6 —— -0.80 (-1.39, -0.21) 0.25
Subtotal (I-squared = 99.9%, p = 0.000) . -0.34 (-0.37,-0.31) 93.79

1
. 1
CPOE and Decision Support |
Fenandez Perez 2007 1.3 1.5 * -0.20 (-0.35, -0.05) 3.12
Subtotal (I-squared =.%, p =.) O -0.20 (-0.35, -0.05) 3.12

1
. 1
Guidelines :
McSwiney 1993 1.31 2.73 - -1.42 (-1.67,-1.17) 1.38
Subtotal (I-squared =.%, p=.) <> : -1.42 (-1.67,-1.17) 1.38
. 1
Protocol or Algorithm :
Lee 2015 1.67 1.8 ha -0.13 (-0.35,0.09) 1.72
Subtotal (I-squared =.%, p=.) .0 -0.13 (-0.35, 0.09) 1.72
. 1
Overall (I-squared = 99.9%, p = 0.000) . -0.35 (-0.38, -0.32) 100.00

1
NOTE: Weights are from random effects analysis |

-3.64 0 3.64

Favours InterventiorFavours Control
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oNOYTULT D WN =

Mean Hospital LOS

Author Year Intervention Control

Multi-modal Intervention

Brandt 2009 13.6 141
Eindhoven 2005 9 1.1
Gutsche 2013 941 10
Meybohm 2016 10.2 10.4
Murphy 2016 4 4
Rothschild 2007 128 12.9
Subtotal (I-squared = 81.4%, p = 0.000)

Guidelines
Hassan 2010 10 13
Subtotal (I-squared =.%, p =.)

CPOE and Decision Support
Adams 2011 8.07 9.73
Subtotal (I-squared =.%, p =.)

Protocol or Algorithm
Despotis 1994  19.1 25.4
Subtotal (I-squared =.%, p=.)

Overall (I-squared = 79.7%, p = 0.000)

BMJ Open

O] -{——--o+ .ot

WMD (95% Cl)

-0.50 (-3.09, 2.09)
-2.10 (-2.90, -1.30)
-0.90 (-2.31, 0.51)
-0.20 (-0.20, -0.20)
0.00 (-0.19, 0.19)

-0.10 (-1.48, 1.28)
-0.42 (-0.79, -0.06)

-3.00 (-5.74, -0.26)
-3.00 (-5.74, -0.26)

-1.66 (-2.80, -0.52)
-1.66 (-2.80, -0.52)

-6.30 (-14.43, 1.83)
-6.30 (-14.43, 1.83)

-0.63 (-1.02, -0.24)

Supplementary File 13. Forest Plot for the Mean Hospital Length of Stay (days)

°/O
Weight

2.13
13.52
6.20
31.57
29.46
6.40
89.26

1.91
1.91

8.60
8.60

0.23
0.23

100.00

|

NOTE: Weights are from random effects analysis

29 T T
30 -14.4 14.4

Favours Intervention Favours Control

o
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BMJ Open

Supplementary File 14. Forest Plot for the Mean Pre-transfusions Hemoglobin Level

(g/dL)
. %
Mean Pre-transfusion Hgb
Author Year Intervention Control WMD (95% Cl) Weight
Multi-modal Intervention |
1
1
Butler 2015 7.9 8.4 -~ -0.50 (-0.56,-0.44)  28.40
1
Markel 2015 135 13.3 E —_— 0.20 (0.06, 0.34) 25.28
1
McCrory 2014 7.9 7.9 ¢ Y 0.00 (-1.11, 1.11) 2.98
Yeh 2015 7.3 76 — -0.30 (-0.68, 0.08) 14.45
1
Yerrabothala 2014 741 7.6 oA -0.50 (-0.53, -0.47) 28.90
1
Subtotal (l-squared = 95.5%, p = 0.000) <> -0.28 (-0.48, -0.08) 100.00
1
|
Overall (I-squared = 95.5%, p = 0.000) <> -0.28 (-0.48, -0.08) 100.00
1
NOTE: Weights are from random effects analysis H
T ! T
-1.11 0 1.1

Favours Intervention Favours Control
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1
2
2 Supplementary File 15. Forest Plot for the Odds of In-hospitality Mortality
5
6
7 Intervention Control %
8 Author Year No. Total No. Total OR (95% Cl) Weight
9
10 Multi-modal Intervention :
1 Beaty 2013 2 55 8 45 —_— 0.17 (0.04, 0.87) 0.37
Brandt 2009 27 477 35 413 - 0.65 (0.39, 1.09) 2.82
12 Eindhoven 2005 2 186 3 186 —_— 0.66 (0.11, 4.01) 0.30
13 Garrioch 2004 247 7265 248 7294 * 1.00 (0.84, 1.20) 8.83
14 Littenberg 1995 51 217 40 195 —— 1.19(0.75, 1.90) 3.30
15 Murphy 2016 418 7357 517 7357 L 2 0.80 (0.70, 0.91) 10.14
16 Norgaard 2017 893 40590 436 19834 * 1.00 (0.89, 1.12) 10.61
Meybohm 2016 1782 75206 1276 54513 * 1.01 (0.94, 1.09) 11.63
17 Rana 2006 59 403 52 440 - 1.28 (0.86, 1.91) 4.12
18 Rothschild 2007 233 2772 360 2881 * 0.64 (0.54, 0.76) 8.99
19 Yeh 2015 1 15 10 147 —_— 0.98 (0.12,8.22) 0.21
20 Yerrabothala 2014 279 9286 284 9151 L 4 0.97 (0.82, 1.14) 9.16
21 Zelinka 2010 17 479 16 530 —— 1.18 (0.59, 2.37) 1.76
2 Subtotal (I-squared = 70.0%, p = 0.000) 1 0.91 (0.81, 1.03) 72.23
. |
23 CPOE and Decision Support !
24 Fenandez Perez 2007 139 1100 108 1100 - 1.33(1.02,1.73) 6.55
25 Subtotal (I-squared =.%, p =) | 1.33(1.02, 1.73) 6.55
26 ; '
27 Education '
Paone 2013 70 5347 111 6916 - 0.81 (0.60, 1.10) 5.79
28 Valentine 2014 21 551 11 285 —— 0.99 (0.47, 2.08) 1.56
29 Yaffee 2014 13 387 10 391 —— 1.32 (0.57,3.06) 1.27
30 Subtotal (I-squared = 0.0%, p = 0.530) d> 0.88 (0.67, 1.14) 8.62
|
31 i |
32 Protocol or Algorithm [
Ciccocioppo 2011 1 45 4 68 —0—:— 0.36 (0.04, 3.36) 0.20
33 Rineau 2016 0 183 1 184 ¢ N 0.33 (0.01, 8.24) 0.10
34 Subtotal (I-squared = 0.0%, p = 0.965) - 0.35 (0.06, 2.20) 0.29
35 . i
36 Reminders :
37 Pentti 2003 19 53 16 49 —_— 1.15(0.51, 2.62) 1.31
38 Subtotal (I-squared =.%, p =.) ? 1.15(0.51, 2.62) 1.31
|
. |
39 Audit Approval
40 Politsmakher 2013 717 37082 838 35348 * 0.81 (0.73, 0.90) 10.99
41 Subtotal (I-squared =.%, p =) OI 0.81 (0.73,0.90) 10.99
42 ) ,
43 Overall (I-squared = 64.8%, p = 0.000) 0.92 (0.84, 1.02) 100.00
44 NOTE: Weights are from random effects analysis !
[ I [
45 A 1 10
46 Favours Intervention Favours Control
47
48
49
50
51
52
53
54
55
56
57
58
59
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Supplementary File 16. Results of Meta-Regression Analysis

Patients Transfused

Covariate Coefficient of 1
logOR (SE) pvaie

Year of Publication 0.002 0915
(0.014)

Number of Interventions 0.052 0.406
(0.062)

Multi-Modal Intervention -0.011 0.948
(0.163)

Setting in Single Unit/ -0.108 -0.660

Clinical Service (0.163)

Follow-up > 1 year 0.008 0.960
(0.165)

Education 0.111 0.491
(0.160)

Guideline 0.010 0.949
(0.153)

Audit and Feedback 0.163 0.311
(0.158)

CPOE and Decision 0.075 0.670

Support (0.175)

Protocol/ Algorithm -0.150 0.398
(0.175)

Reminder 0.361 0.181
(0.263)

Policy 0.135 0.561
(0.230)

Audit Approval 0.074 0.842
(0.366)

Audit 0.064 0.777
(0.225)

Paper Order Entry -0.205 0.554
(0.342)
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