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Abstract

Background. Health technology reassessment (HTR) is a process to manage existing health
technologies to ensure ongoing optimal use. A model to guide HTR was developed; however,
there is limited practical experience. This paper addresses this knowledge gap through the
completion of a multi-phase HTR of red blood cell (RBC) transfusion practices in the inten-
sive care unit (ICU).

Objective. The HTR consisted of three phases and here we report on the final phase: the
development, implementation, and evaluation of behavior change interventions aimed at
addressing inappropriate RBC transfusions in an ICU.

Methods. The interventions, comprised of group education and audit and feedback, were co-
designed and implemented with clinical leaders. The intervention was evaluated through a
controlled before-and-after pilot feasibility study. The primary outcome was the proportion
of potentially inappropriate RBC transfusions (i.e., with a pre-transfusion hemoglobin of
70 g/L or more).

Results. There was marked variability in the monthly proportion of potentially inappropriate
RBC transfusions. Relative to the pre-intervention phase, there was no significant difference in
the proportion of potentially inappropriate RBC transfusions post-intervention. Lessons from
this work include the importance of early and meaningful engagement of clinical leaders; tai-
loring the intervention modalities; and, efficient access to data through an electronic clinical
information system.

Conclusions. It was feasible to design, implement, and evaluate a tailored, multi-modal
behavior change intervention in this small-scale pilot study. However, early evaluation of
the intervention revealed no change in technology use leading to reflection on the important
question of how the HTR model needs to be improved.

Introduction

In recent years, health technology assessment (HTA) organizations such as the Canadian
Agency for Drugs and Technologies in Health (CADTH) have shifted their strategic framing
and direction towards health technology management (HTM) (1). This shift acknowledges the
need to assess the value of health technologies, in terms of health outcomes achieved per dollar
spent (2), throughout their lifecycle and the development and implementation of approaches
to achieve this. Learnings from the fields of disinvestment (3-9), de-adoption (10), and
de-implementation (11-13)—which tend to focus on mitigating low-value care—offer key les-
sons to move the HTM agenda forward. Of note are the importance of adopting a value-based
lens, broad stakeholder engagement, a robust evidentiary foundation, and clear guidance for
action. Given the growing scholarship in this area, an approach that can integrate aspects of
and learnings across these fields may provide a more inclusive and acceptable means of pro-
moting ongoing optimal technology use (14). One such consolidated approach that has been
proposed is Health Technology Reassessment (HTR) (14-16).

HTR is defined as the systematic, evidence-based assessment of the clinical, economic, eth-
ical, and social impacts of an existing health technology to inform its optimal use relative to its
alternatives (17). The primary objective of HTR is to support the development and implemen-
tation of evidence-informed policies and decisions to achieve optimal value for money of exist-
ing technologies throughout their lifecycle (14). Thus, HTR differs from HTA in that it is
focused on not only evaluating an existing technology in use, rather than a new technology
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being considered for adoption into the healthcare system but also
in the fact that it goes beyond the recommendation to directly
enact a policy and/or practice change (15).

The language to describe HTR is purposefully framed around
optimizing value through the appropriate use of existing technol-
ogy (17); thus, HTR is intended to address overuse or misuse of
low-value technologies and underuse of high-value technologies
alike (16). To guide the practice of HTR, a model was developed
and is comprised of three phases: Phase I Technology Selection,
which includes identification and prioritization; Phase II
Decision, involving evidence synthesis and development of policy
or practice recommendation; and Phase III Policy Action, com-
prised of implementation, monitoring, and evaluation of the pol-
icy or practice recommendation (15). Despite this conceptual
grounding, practical advancements in the field of HTR are limited
(18). There have been international efforts to identify and prior-
itize candidate technologies for HTR (19-21), yet there are few
demonstrable examples of policy action to realize optimal use of
those technologies (18).

From a pragmatic and opportunistic lens (22), an ideal health-
care system context in which to test the HTR model would be one
where there are clear opportunities for improving sub-optimal
technology use. Critical care is a clinical area of high technology
use and high cost owing to the severity of illness and specialized,
resource-intensive care needs of its patient population (23-25).
With a history of rapid adoption of new technology, and inconsis-
tent use of confirmatory research to support such decisions
(26;27), the need for active efforts to reassess existing technologies
in the intensive care unit (ICU) has been increasingly recognized
(10;28). One technology that received much attention internation-
ally for high rates of overuse or misuse, and thus serves as the
ideal candidate for HTR (Table 1), is the practice of red blood
cell (RBC) transfusions for critically ill patients (29).

Therefore, to add to the practical HTR knowledge base, we set
out to complete a multi-phase HTR of the candidate technology,
RBC transfusions for critically ill patients. In alignment with the
conceptual model, this HTR consisted of three phases and the
findings from Phase I and II have been previously published

Table 1. Candidate technology for HTR: RBC transfusions in critically Ill patients

Guidance for the appropriate use of RBC transfusions for critically ill
patients has evolved over recent decades, with current evidence-based
guidelines recommending more conservative approaches to transfusions
(1). For most hemodynamically stable, non-bleeding adult patients
admitted to the ICU, an RBC transfusion may not be warranted until their
hemoglobin concentrations fall below 70 g/L (1;2). This “restrictive
transfusion strategy” can reduce RBC utilization and result in clinical
outcomes that are, at least, equivalent to that of a more “liberal
transfusion strategy” (i.e., hemoglobin transfusion threshold of 100 g/L) (3).
Further, and notwithstanding the issue of blood scarcity (5-10), overuse of
RBC transfusions can also lead to unnecessary and high healthcare costs
(19). However, the rate at which the restrictive RBC transfusion strategy has
been adopted into standard critical care practice remains low (20-24).
We completed a retrospective audit of RBC transfusions in nine of the
major medical-surgical intensive care units in Alberta between 2014 and
2016. We identified that 61 percent of RBC transfusions in stable,
non-bleeding patients were associated with a pre-transfusion hemoglobin
value at or above 70 g/L (29). The total estimated cost of RBC transfusions
over the audit period was $2.99M Canadian dollars (CAD), with $1.82M CAD
attributed to those with a hemoglobin value at or above 70 g/L (29).
Collectively, this evidence suggested a meaningful opportunity for
improvement and led the critical care community in Alberta to select
RBC transfusions for critically ill patients as a candidate technology for
HTR (30).
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(30-32). In this present study, we report the results of the third
and final phase of the HTR: Policy Action. Specifically, the devel-
opment, implementation, and evaluation of a bundle of behavior
change interventions to address inappropriate RBC transfusion
practices in one ICU in Alberta, Canada are described and key
learnings are provided for the broader field of HTR.

Methods
Research Design and Setting

The HTR programme is comprised of three phases and the find-
ings from the first two completed phases (30-32) are summarized
in the Supplementary Methods. For the present study, Phase III, a
small-scale pilot implementation study was conducted in a single
ICU to evaluate the feasibility of implementing a bundle of behav-
ior change interventions aimed at optimizing RBC transfusions
(22). The pilot was designed as a controlled before-and-after
implementation study and included one intervention site and
one control site. The study was conducted over a 14-month
period, which consisted of a pre-intervention (1 January 2018-14
November 2018) and a post-intervention phase (15 November
2018-28 February 2019).

The intervention site selected for this pilot initiative was the
ICU at the University of Alberta Hospital in Edmonton,
Alberta. The control site was the ICU at the Foothills Medical
Centre in Calgary, Alberta; no intervention was administered at
the control site. Site selection was based on the previous analysis
of RBC transfusion events in stable, non-bleeding adult ICU
patients completed in Phase I (30). Between 1 April 2014 and
31 December 2016, the average proportions of RBC transfusions
with a pre-transfusion hemoglobin of 70 g/L or more to be
approximately 58 percent and 57 percent at the intervention
and control sites. These findings suggest a significant opportunity
for improvement. The control site was also chosen as it is located
a reasonable geographic distance (i.e., approximately 300 km)
away from the intervention site to avoid contamination bias.
Both sites are mixed medical and surgical ICUs situated in univer-
sity hospitals in the two largest urban centers in the Province.
They are similar in terms of capacity (28—30 beds) and in the
number of board-certified ICU physicians (18—20 full-time
equivalent intensivists). Post-graduate medical education trainees
(i.e., medical fellows and residents) also provide similar clinical
coverage at each site (33).

Stakeholder Engagement

The research team consisted of academic researchers and health-
care professionals with diverse expertise in HTR, implementation
science, and critical care medicine. Local clinical leaders from the
intervention site, including the ICU Medical Director, the Chair
of the Department of Critical Care Medicine, and a Clinical
Nurse Educator, were integral members of the research team
and co-led the design, dissemination of information, and imple-
mentation of the intervention.

Multi-Modal Intervention

Theory-Informed Intervention Design

The intervention was designed using a theory-informed approach
to target facilitators of and barriers to RBC transfusion practice
change at the intervention site. In Phase II of the HTR, key
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behavioral determinants were previously identified through a sur-
vey of intensivists in Alberta completed (32). The survey was
informed by the theoretical domains framework (TDF) to explore
intensivists’ perceptions of current RBC transfusion practices and
identify relevant behavioral determinants to practice change
within the theoretical domains of the framework (32). Among
intensivists at the intervention site, specific facilitators of and bar-
riers to RBC transfusion practice change were identified in the
theoretical domains of knowledge, behavioral regulation, motiva-
tion and goals, and beliefs about consequences. Relevant interven-
tion modalities were then mapped to theories in the identified
domains using the TDF taxonomy (34) (Supplementary
Table 1). Possible intervention modalities to modify provider
RBC transfusion practices were identified through a systematic
review and meta-analysis also completed in Phase II of the
HTR (35). Details for the two studies completed in Phase II are
briefly described in the Supplementary Methods.

Tailoring Intervention Modalities

The mapped list of possible intervention modalities, such as edu-
cation, feedback, protocols, algorithms, etc., was reviewed with the
clinical leaders to determine their receptivity and the suitability of
proposed clinical practice behavior change techniques for the
intervention site. Through discussion and consensus, the research
team selected group education initiatives and audit and feedback
of aggregate-level clinical performance data. This was provided to
all healthcare providers responsible for ordering or involved in the
decision to order, an RBC transfusion (i.e, ICU physicians,
nurses, and medical trainees) as the intervention modalities.
Details of the selected intervention modalities are provided in
the Supplementary Methods.

Implementation

The multi-modal intervention was only implemented at the inter-
vention site. During the post-intervention phase, three in-person
educational sessions were held at the intervention site (one spe-
cific to ICU physicians; two lunch-and-learn events for nurses
and trainees) and led by two members of the research team.
The audit and feedback process was implemented in two cycles
and, within each cycle, two-forms of written feedback were pro-
vided: detailed physician feedback reports (emailed to physicians
only) and graphical feedback posters (displayed throughout the
ICU for all healthcare providers). All of the content for the
group education and audit and feedback were directly informed
by and co-designed with the clinical leaders. Implementation
details and timelines are outlined in Supplementary Figure 1.

Monitoring and Evaluation

Data Source and Outcomes

Clinical data were retrospectively obtained from the established
critical care information system eCritical Alberta (36). eCritical
prospectively captures comprehensive data on each ICU admis-
sion and was used for the audit and feedback component of the
intervention and for the overall study evaluation. Patients for
whom a restrictive transfusion strategy has not been proven
safe, nor superior, to a liberal transfusion strategy (e.g., chronic
anemia, active blood loss, acute coronary syndrome, myocardial
infarction, and neurological injury or traumatic brain injury)
were excluded (37). Complete details regarding the included
data elements and definitions, as well as the comprehensive
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inclusion and exclusion criteria of ICU admissions (30), are
described in the Supplementary Methods.

The primary outcome measure was the proportion of RBC
transfusions associated with a pre-transfusion hemoglobin value
(i.e., patient’s hemoglobin level measured within 24 h prior and
most proximal to the transfusion (30)) greater than or equal to
70 g/L. Secondary outcomes included the costs of RBC transfu-
sion events, and ICU and hospital mortality and LOS.

Data Analysis

Descriptive statistics were calculated for patient admission and
outcome data (Supplementary Methods). Aggregate frequencies
and percentages of RBC transfusion events were stratified within
pre-transfusion hemoglobin ranges. The monthly percentages of
RBC transfusion events with a pre-transfusion hemoglobin
value at or above 70 g/L with 95 percent confidence intervals
(CI) were also plotted. A two-sample z-test of proportions was
conducted to compare the primary outcome before and after
the intervention at each site; the significance level was set at .05.
The cost of RBC transfusion events is reported as the cost per
10 admissions to account for the different number of months in
the pre-intervention and post-intervention phases. It was assumed
that 1 RBC unit was equal to 300 mL and the cost of transfusing 1
RBC unit is $666.10 in 2017 Canadian dollars (CAD) (38). Costs
were inflation-adjusted (39) and reported in 2019 CAD.
Secondary mortality outcomes were also reported as the number
of ICU and hospital deaths per ten admissions. The primary
and secondary outcomes were reported as unadjusted values.
All analyses were performed using STATA IC statistical software,
V13.1.

Evaluation Survey

One week after the intervention period, healthcare professionals at
the intervention site were asked to complete an online survey
(Survey Monkey) to evaluate their experiences and the perceived
usefulness of the intervention. The survey was administered
between 6 March 2019 and 27 March 2019. Responses were ana-
lyzed using descriptive statistics and for questions with Likert
scale response options, the percentages of selected responses
were also reported. Survey questions and details regarding survey
administration are provided in the Supplementary Methods.

Results
Included Patient Admissions and RBC Transfusions

During the 14-month study period, there was a total of 3,061 ICU
admissions in which a patient received at least 1 transfusion at the
intervention (n = 1,852) and control (n = 1,434) sites (Supplementary
Figure 2). Of these, 482 admissions (intervention: n =296; con-
trol: n =186) met the inclusion criteria for the study. The charac-
teristics of included patients are summarized in Supplementary
Table 2.

Specifically, at the intervention site, patients received 2.2 trans-
fusions per admission pre-intervention and 1.9 transfusions per
admission post-intervention (Supplementary Table 3). The num-
ber of RBC transfusions per admission at the control site was sim-
ilar throughout the study period (pre: 2.1; post: 2.0). In both sites,
1 RBC unit was administered per transfusion event before and
after the intervention.
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Control site

Intervention site

Pre-intervention

(N =267 transfusions)®

Post-intervention
(N =131 transfusions)®

Pre-intervention
(N =482 transfusions)®

Post-intervention
(N=100 transfusions)®

Pre-transfusion hemoglobin values

<70 g/L, % (n) 52.8 (141) 60.0 (60) 69.7 (336) 71.8 (94)
70-74 g/L, % (n) 24.0 (64) 22.0 (22) 15.6 (75) 16.8 (22)
75-79 g/L, % (n) 12.7 (34) 11.0 (11) 7.1 (34) 53 (7)
80-84 g/L, % (n) 5.2 (14) 2.0 (2) 4.4 (21) 2.3 (3)
85-89 g/L, % (n) 3.0 (8) 3.0 3) 2.1 (10) 0.8 (1)
>90 g/L, % (n) 2.3 (6) 2.0 (2.0) 1.2 (6) 3.1 (4)
Mean hemoglobin value, g/L (SD) 70.6 (7.2) 69.7 (6.9) 69.0 (6.9) 69.4 (6.9)

Percent change in transfusions with pre-transfusion
hemoglobin > 70 g/L (95% Cl, p-value®)

—7.2 (-19to 4.1, p=.22)

—2.1 (—10.8 to 6.6, p=.64)

?RBC transfusions with pre-transfusion hemoglobin values.

Pp-value from z-test of proportions between pre-intervention and post-intervention phases for each site.

Pre-Transfusion Hemoglobin Values

The mean pre-transfusion hemoglobin values for included
patients at the intervention site (pre: 69.0 £ 6.9 g/L; post: 69.4 +
6.9 g/L) and control site (pre: 70.6 + 7.2 g/L; post: 69.7 + 6.9 g/L)
were similar before and after the intervention (Table 2). Prior
to the intervention, the proportion of RBC transfusions with a
hemoglobin value at or above 70 g/L at the intervention site was
30.3 percent; this proportion did not change post-intervention
(28.2 percent, p = .64). Similarly, at the control site, the proportion
of RBC transfusions with a hemoglobin value at or above 70 g/L
was not significantly different between the pre-intervention (47.2
percent) and post-intervention phases (40.0 percent, p=.22).
Throughout the study period, the monthly proportion of RBC
transfusions with hemoglobin values at or above 70 g/L was also
highly variable at both sites (Figure 1).

80

60

40+

7t 1
B Lot

204 & 1 -

AN

RBC transfusions with hgb >= 70 g/L (%)

RBC Transfusion Costs, Mortality, and Length of Stay

The costs of RBC transfusions are presented in Figure 2. The total
estimated cost of RBC transfusions per ten admissions at the
intervention site was $15,110 pre-intervention and $13,383 post-
intervention. The cost attributed to the RBC transfusions with a
hemoglobin value at or above 70 g/L was $4,466 per ten admis-
sions pre-intervention, and $3,723 per ten admissions post-
intervention. At the control site, the total estimated cost of RBC
transfusions per ten admissions was $14,832 in the pre-
intervention phase and $13,629 in the post-intervention phase.
The cost attributed to the RBC transfusions with a hemoglobin
value at or above 70 g/L was $6,627 and $5,143 per ten admissions
in the pre- and post-intervention phases, respectively.
Supplementary Table 4 summarizes the ICU and hospital
mortality and LOS. At the intervention site, the number of ICU

T T I T I T I T T
Jan-18 Feb-18 Mar-18 Apr-18 May-18 Jun-18 Jul-18 Aug-18 Sep-18

T T T U I
Oct-18 Mov-18 Dec-18 Jan-19 Feb-19

Study Period (month)

— e Control Site

—g—— |Intervention Site

Post-intervention Phase

Figure 1. Monthly proportion of RBC transfusions with pre-transfusion hemoglobin of 70 g/L or more.
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Figure 2. Cost of RBC transfusions per ten admissions in control and intervention
sites.

deaths was 1.8 per 10 admissions pre-intervention and 2.2 per 10
admissions post-intervention, whereas the number of hospital
deaths was 2.3 per 10 admissions pre-intervention and 2.9 per
10 admissions post-intervention. Both the median ICU LOS
(pre: 6.8 days, IQR: 9.1; post: 7.6 days, IQR: 11.9) and hospital
LOS (pre: 18.8 days, IQR: 27.2; post: 17.0 days, IQR: 26.1) were
similar before and after the intervention. At the control site,
there were fewer ICU deaths (pre: 2.2; post:1.5) and hospital
deaths (pre: 2.8; post: 1.9) per 10 admissions during the post-
intervention phase. Further, the median ICU LOS (pre: 7.5
days, IQR: 14.0; 10.0 days, IQR: 13.0) and hospital LOS (pre:
20.5 days, IQR: 23.0; post: 18.2 days, IQR: 18.4) were relatively
consistent throughout the study.

Experiences and Perceptions at the Intervention Site

Forty-three healthcare providers at the intervention site com-
pleted the evaluation survey and the majority of respondents
were registered nurses (n=25) (Supplementary Table 5). The
feedback posters were most frequently observed by respondents
(77 percent), and the poster information reported as most useful
for their practice were the cost (67 percent) and percentage (56
percent) of RBC transfusions with a pre-transfusion hemoglobin
value above 70 g/L (Supplementary Figure 4). The physician feed-
back reports were received by 10 respondents and, of these, eight
respondents reported that information about the proportion of
RBC transfusions at or above 70 g/L was useful for their practice.
Thirteen respondents indicated that they attended an educational
session and, of the information presented, the cost of RBC trans-
fusions with a pre-transfusion hemoglobin value above 70 g/L (26
percent) was useful for their practice. Twenty-three respondents
did not attend an educational session, whereas only four respon-
dents did not observe the feedback posters. Only 7 percent of
respondents reported that none of the information from the inter-
vention was useful.

The majority of survey respondents agreed (19/38) or strongly
agreed (11/38) that they appreciated receiving information about
the RBC transfusion practices in their ICU through the interven-
tion (Q1, Supplementary Figure 3). Most respondents also learned
information about the RBC transfusion practices in their ICU that
they did not know before (22/38 agreed; 3/38 strongly agreed)
(Q2, Supplementary Figure 3). Nineteen out of thirty-seven
respondents (51 percent) neither agreed nor disagreed that know-
ing the information about past RBC transfusion practices in their
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ICU changed the way they order transfusions for their patients
(Q3, Supplementary Figure 3). Further, twenty-two out of
thirt-eight (58 percent) neither agreed nor disagreed that their
practice change will continue (Q4, Supplementary Figure 3).

Discussion

In this HTR, we describe the development, implementation, and
evaluation of a bundle of behavior change interventions aimed
at optimizing RBC transfusion practices in 1 pilot ICU setting.
Working collaboratively with local clinical leaders, we found
that it was feasible to implement a tailored, multi-modal interven-
tion targeting ICU physicians, nurses, and trainees over the
14-month study period. We were able to leverage an existing
ICU electronic information system to access routine clinical
data and efficiently monitor and evaluate utilization and cost of
the technology, as well as patient and healthcare system outcomes.
Of the outcomes measured, however, we did not identify a statisti-
cally significant difference in the proportion of potentially inap-
propriate RBC transfusions (i.e., associated with a hemoglobin
of 70 g/L or more) before and after the intervention. There was
also marked variability in the monthly proportion of potentially
inappropriate RBC transfusions and no significant difference in
the average proportion before and after the intervention.
Despite no observable change in technology use, we found that
the intervention was appreciated by most respondents of the eval-
uation survey.

A principal gap to advancing the field of HTR is the relative
paucity of practical experiences (4;6;8;40). Leggett et al. (41;42)
and Polisena et al. (40) found that despite increasing international
initiatives to identify and prioritize areas of low-value care, there
continues to be limited efforts and methods to actualize optimal
technology use in real-world practice and policy settings. This
HTR was developed in direct response to these knowledge gaps.
Guided by the three-phase HTR model (15), we demonstrated
that an HTR process can go beyond the selection of candidate
technologies and include the implementation of change manage-
ment efforts at the clinical practice-level. The use of the TDF, in
particular, offered an approachable framework to apply behavioral
theory to assess and develop techniques that target potential driv-
ers of low-value RBC transfusion practices (34;43;44). The TDF
has been recognized as a valuable tool for de-adoption and
de-implementation initiatives (45;46), and we have demonstrated
the utility of the TDF to guide intervention design in the context
of an HTR.

A strength of this HTR was the early and meaningful engage-
ment of the local champions or opinion leaders. The clinical lead-
ers at the pilot intervention site supported this HTR initiative
from the outset and, as such, were integral to the design and
implementation (47). Given the interdisciplinary nature of care
in the ICU, clinical leaders also advised that targeting the ICU
physician group was necessary but not sufficient for ensuring
uptake of evidence-based best practices of RBC transfusions.
Consequently, our interventions modalities targeted practice
change at the team-level. The lunch and learn sessions, for exam-
ple, are common to the culture of the intervention site and were
selected to increase intervention acceptability. Of the thirteen
respondents of the evaluation survey who attended an educational
session, approximately 92 percent reported that the information
presented was useful for their practice.

The audit and feedback modality was tailored to the interven-
tion site and informed by the clinical leaders and educational
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session attendees. For instance, we found that stakeholders were
most interested in receiving feedback on the proportion and
cost of potentially inappropriate RBC transfusions. We developed
feedback to include not only the cost of RBC transfusions that
could have been potentially avoided (i.e., associated with a hemo-
globin of 70 g/L or more) but also examples of ICU-specific tech-
nologies that could have been funded with the foregone resources.
These technologies were of high value and underused (or not cur-
rently available) at the intervention site. Feedback of clinical per-
formance alongside costs has been infrequently reported in audit
and feedback interventions (48). However, with the rise in efforts
to mitigate low-value care, healthcare providers are increasingly
regarded as de facto stewards of healthcare resources (49-51).
The perceived usefulness of this tailored feedback information
to clinical practice was validated by responses from the evaluation
survey.

Limitations and Considerations for Future Research

As noted, we did not observe a practice response to the planned
intervention. This finding may reflect insufficient power (due to
length of the follow-up period) of our pilot study to detect a dif-
ference or, given the observed decreases in the proportions of
RBC transfusions associated with a hemoglobin of 70 g/L or
more at the intervention and control sites, simply a lack of inter-
vention effect (52). Ultimately, this questions whether it is worth-
while pursuing the implementation of the intervention for a
province-wide HTR initiative given the required time and
resources (53). It is, therefore, necessary to reflect on the limita-
tions of this pilot study when considering decisions for future
HTR initiatives.

One limitation related to the baseline RBC transfusion prac-
tices at the start of the pilot study. Through our initial exploratory
analysis of transfusion practices (1 April 2014 and 31 December
2016) in Phase I of the HTR, we found that, on average, over
50 percent of RBC transfusions were associated with a pre-
transfusion hemoglobin of 70 g/L or more at the intervention
and control sites (30). However, by the pre-intervention phase
of our pilot (1 January 2018 to 14 November 2018), both sites
had since exhibited improvements in their RBC transfusion prac-
tices and to varying degrees. These changes may reflect contami-
nation from other initiatives prior to our study (e.g., hospital
quality improvement initiatives, regional presentations) or a secu-
lar trend, due to growing knowledge, evidence, and guidance in
this area, resulting in increased awareness of or attention to
RBC transfusion practices (30). Secular trends in RBC transfusion
practice have been described in the literature in other jurisdic-
tions. From a large, retrospective observational study conducted
in the United States, Netzer et al. (54) found that mean pre-
transfusion hemoglobin levels significantly decreased from 79 +
1.3 to 73+1.3 g/L over a 10-year follow-up period and there
was a significant decrease in the proportion patients who were
transfused at a hemoglobin level less than 70 g/L (54). Thus,
re-evaluation of baseline practices and site characteristics should
be performed prior to initiating Phase III of the HTR. This step
can serve as a “go or no-go~ point to confirm whether there
was still an appreciable opportunity for improvement and deter-
mine whether the Policy Action phase should proceed.

The differing lengths of time for the pre-intervention and
post-intervention periods were also a limitation. Although the
objective of the pilot study was not to assess the effectiveness of
the intervention, if the study were sufficiently powered wherein
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the pre-intervention and post-intervention phases were of suffi-
cient and comparable lengths, it would be ideal to assess secular
trends or seasonal variations versus intervention effect (55). To
evaluate the effectiveness of a future intervention using inter-
rupted time series analyses, for example, there should be at least
twelve data points before and after the intervention (55). A min-
imum of 100 observations at each data point is also recommended
to minimize estimate variability (55). Considering the extent of
variability, we observed in the estimated monthly proportion of
RBC transfusions with a pre-transfusion hemoglobin of 70 g/L
or more, increasing the number of sites, and hence number of
monthly observations, in the intervention and control groups
may help to minimize variability in an effectiveness study.

Another limitation to our work was that we did not prospec-
tively collect data. As a result, we did not know the exact reason
why an RBC transfusion was ordered because this information is
not routinely collected with the electronic RBC unit orders.
Instead, we identified pre-transfusion hemoglobin values from
the available laboratory data and used these as proxy measures
of appropriateness for most of the included RBC transfusion
events. Our data access was also limited to the ICU patients
that received an RBC transfusion during the study period.
Therefore, we do not know how the characteristics of the trans-
fused patients varied from those who were not transfused but
were still at risk of receiving a transfusion. Nor do we know
whether there were unanticipated consequences to their care, or
potential harm to patients, as a result of the intervention or the
HTR programme as a whole. For example, ICU physicians may
have overcorrected in response to the intervention and inappro-
priately reduced the use of RBC transfusions for all ICU patients,
including those who were actively bleeding and/or low baseline
hemoglobin levels (i.e., less than 70 g/L). Given these limitations
with the secondary data, prospective electronic collection of
study data should be considered in future research. For instance,
in the case of RBC transfusions, this may be actualized by adapt-
ing the existing electronic blood product ordering systems and the
eCritical information system to collect additional data elements of
interest to the study (e.g., rationale for each RBC transfusion order).
Access to data for all admissions to the study sites would enable
more robust monitoring and evaluation, and if chosen as a behav-
ior change intervention, real-time audit, and feedback.

Due to the non-randomized nature of the controlled
before-and-after study design, and lack of adjustment for differ-
ences in patient characteristics in our analysis, the present find-
ings may also be subject to selection bias and confounding.
Further, respondents of the post-study evaluation survey reported
variable exposure to the intervention modalities; the educational
sessions and detailed physician feedback reports reaching fewer
of the respondents compared to the feedback posters. This limita-
tion may also reflect selection bias due to under-coverage or non-
response bias in our sample of respondents (56). Alternatively,
poor educational session attendance may have resulted from
scheduling arrangements and/or limited availability of healthcare
providers on those dates. With regards to the physician feedback
reports, some intensivists may have simply chosen not to view the
reports (57). In addition, over half of the evaluation survey
respondents neither agreed nor disagreed that their practice
changed, or that their practice change would continue following
the intervention. These findings may indicate respondents’ uncer-
tainty as to whether clinical practice change can be achieved and
sustained through audit and feedback alone (58). However, we
were unable to conduct follow-up interviews or focus groups to
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explore the reasons underlying these responses due to limited
human and financial reasons. Future HTR initiatives would,
therefore, benefit from incorporating a thorough process evalua-
tion as part of their Phase III. This may involve primary qualita-
tive data collection (e.g., surveys, interviews, and/or focus groups
with stakeholders exposed to the intervention) and periodic quan-
titative data collection to evaluate intervention fidelity (59) and
identify factors influencing observed quantitative outcomes (60).
Although a process evaluation would be resource-intensive, the
evidence generated would allow investigators to remain nimble
and adapt their intervention—or pivot the HTR process as a
whole—to respond to changes in knowledge and behaviour that
may potentially outpace the ability of the HTR to enhance prac-
tice change.

Conclusions

This study represented the final phase in a body of work that
sought to actualize the conceptual HTR model (15) and conduct
an HTR of an existing health technology in a real-world health-
care system context. We found that it was feasible to design,
implement, and evaluate a tailored, multi-modal behaviour
change intervention to optimize RBC transfusions in the ICU.
Therefore, we demonstrated that an HTR process can go beyond
the identification and prioritization of technologies and veritably
include the implementation of change management efforts at the
clinical practice-level. The TDF, in particular, offered an
approachable framework to apply behavioural theory to assess
and develop techniques that target potential drivers of low-value
RBC transfusion practices. However, through the small-scale
pilot evaluation, we did not identify a significant difference in
the proportion of potentially inappropriate RBC transfusions
before and after the intervention. The findings from this first real-
world application of the HTR model uncovered important meth-
odological and practical considerations, particularly when initial
efforts to manage existing technology use may not go as expected.
However, there remain a number of unknowns that require fur-
ther study, such as determining how frequently an HTR should
occur throughout the lifecycle of a technology, as well as under-
standing when an HTR programme may be considered truly com-
plete or even unwarranted. Thus, more research employing the
HTR model in other healthcare contexts, with other technologies,
and by other users is required to address such unknowns and
optimize the current model. To advance the field of HTR, we
must learn from and build upon local, national, and international
experiences and continue to develop innovative and thoughtful
ways to implement evidence into policy and practice. The need
to manage technologies throughout their lifecycle will not cease
and neither must the pursuit of approaches to effectively optimize
their use.

Supplementary material. The supplementary material for this article can
be found at https:/doi.org/10.1017/50266462321001653.
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