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Purpose: This study evaluated a complex initiative to increase evidence-based use of low molecular weight
heparin for venous thromboembolism prophylaxis among adult medical-surgical ICU patients.
Materials and methods: This study included: quantitative survey and interviews. Participants were healthcare
providers within four ICUs. Surveys collected knowledge of evidence underpinning best practice, exposure to
the implementation strategies and their perceived utility, and recommendations. The interview expanded on
survey topics. Descriptive statistics summarized the data and chi-squared tests were used to compare groups.
Qualitative data were analyzed using a blended deductive and inductive coding approach.
Results: Providers had good knowledge of the evidence (range = 58% to 94%). Pharmacist-to-physician
reminders (80%), other reminders (50%), and local guidelines (50%) were the most commonly observed strate-
gies. Local champions (76%), on-site education (74%), and computerized decision support system (69%) were
perceived to be most helpful. Interviews elicited five themes: provider roles, perceptions of the implementation
strategies, facilitators and barriers to uptake of best practice, and recommendations. Assessment of the imple-
mentation strategies varied by professional group.
Conclusions: The findings of this process evaluation identified implementation strategies that can improve the use
of evidence-informed practices, help interpret outcomes in the context of interventions and guide future quality
improvement initiatives.

© 2018 Elsevier Inc. All rights reserved.

1. Introduction are increasingly recognized as essential components of quality improve-
ment to maximize the return on investment in quality improvement
initiatives (i.e. continue using effective interventions and discontinue

ineffective interventions) [7-11]. This can, in turn, facilitate iterative

Quality improvement (QI) initiatives designed to implement evi-
dence informed practices into patient care have had inconsistent suc-

cess (variably described as implementation science, dissemination and
implementation, knowledge translation etc.) [1-4]. Evaluation of the
strategies used is often lacking and rarely distinguished from the clinical
outcomes [5,6]. Process evaluations provide a mechanism to understand
the reasons for the success and failure of implementation strategies and
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modification of the implementation strategies to increase their effec-
tiveness in improving and sustaining quality of care.

Venous thromboembolism (VTE) prophylaxis is an evidence in-
formed practice ideal for quality improvement initiatives that include
process evaluations. VTE is a leading cause of preventable hospital
deaths in high-income countries [12,13], which has made it a priority
for QI in many hospitals [14-18]. Effective strategies to prevent VTE
exist [19-21], but the delivery of the most efficacious, safe [19], and
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cost-effective [22] form of VTE prophylaxis (low molecular weight hep-
arin [LMWH]) lags behind current evidence [23,24]. A recent audit
within a network of Intensive Care Units (ICUs) in a province within
Canada demonstrated that LMWH was administered an average of
only 38% of ICU patient days [25]. As such, VTE prophylaxis was identi-
fied as a key opportunity to improve best practices and quality of care
[26]. Studies examining factors that influence the use of LMWH for
VTE prophylaxis have identified multiple barriers and facilitators to its
use suggesting that a theory-based, complex quality improvement ini-
tiative comprised of multiple implementation strategies would likely
be most successful [27-30]. The barriers to the adoption of LMWH for
VTE prophylaxis include, insufficient knowledge or understanding, ICU
culture, and absence of clinical guidelines; whereas the facilitators
were on-site education and pre-set orders [31].

The objective of this study was to comprehensively evaluate a com-
plex quality improvement initiative comprised of multiple implementa-
tion strategies to increase evidence-based use of LMWH for VTE
prophylaxis among adult patients admitted to medical-surgical ICUs.
Using mixed-methods, we were able to elucidate strategies perceived
by healthcare providers as helpful to effect practice change.

2. Materials and methods
2.1. Aim

Implementation strategies selected for the quality improvement ini-
tiative were based on local stakeholder engagement [26], audit of cur-
rent VTE prophylaxis practices, and identification of barriers and
facilitators specific to the use of LMWH for VTE prophylaxis (Fig. 1)
[25]. As such, this process evaluation had three key objectives: [7].

1. Describe the individual implementation strategies used in the QI
initiative;

2. Evaluate to what extent ICU healthcare providers were successfully
exposed to the implementation strategies (penetration/reach of the
improvement initiative); and

3. Describe the acceptability, adoption, appropriateness, feasibility and
sustainability of the implementation strategies, including recom-
mendations for future initiatives.

2.2. Design

This mixed-methods study incorporated a cross sectional survey and
semi-structured interviews with ICU providers six and eight months, re-
spectively, after the start of the improvement initiative. The survey and
interview guide were developed based on previous work identifying
barriers and facilitators to the use of LMWH for VTE prophylaxis within
this population [27] and informed by the Medical Research Council's
(MRC) guidance on development and evaluation of complex interven-
tions [32]. Survey results refined the interview guide for the semi-
structured interviews by identifying topics that needed to be further ex-
plored to understand providers' perspectives and experiences with the
implementation strategies.

2.3. Setting

This study included four adult, medical-surgical ICUs [33] in the larg-
est city in a province within Canada, which operate in a publicly funded
single payer healthcare system. These ICUs have 66 beds and admit ap-
proximately 2800 patients per year [34]. Patients are cared for by a mul-
tidisciplinary and multi-professional group of healthcare providers
including ICU board certified physicians, nurse practitioners (NPs),
medical trainees (residents and clinical fellows), nurses, and
pharmacists.

2.4. Participants

All healthcare providers (described above) and decision-makers
(medical directors, nurse managers, nurse educators) responsible for
patient care in the four ICUs were invited to participate.

2.5. Improvement initiative

The goal of the improvement initiative was to optimize LMWH pre-
scribing, based on current evidence that suggests, among medical-
surgical ICU patients without a contraindication, LMWH is the first
choice for VTE prophylaxis [19,35]. To achieve this goal, an improve-
ment initiative comprised of multiple implementation strategies was
developed based on information gathered in previous phases of a larger

Fig. 1. Logic model outlining sequential steps of the improvement initiative®. * Phase IV, shaded in blue, reflects the current process evaluation. It is the fourth of five sequential steps that
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study to improve evidence-based practices in the ICU [25,26] and expert
consultation within the Department of Critical Care Medicine and the
provincial healthcare delivery organization.

The improvement initiative was comprised of four categories of im-
plementation strategies: (1) education, (2) clinical decision support
tools, (3) reminders, and (4) audit and feedback; each of which included
multiple individual strategies tailored to each ICU [36]. The implemen-
tation strategies were launched between May and December 2016
and sustained through April 2017 (Fig. 2). The primary message in all
materials was: choose LMWH as the optimal form of pharmacological
VTE prophylaxis for patients without contraindications to chemopro-
phylaxis. Intended recipients were healthcare providers including:
intensivists (n = 30), nurse practitioners (NPs, n = 6), clinical fellows
(n = 9), residents rotating through the ICU during the study period
(~20/four-week period), pharmacists (n = 18), and nurses (n = 82).

2.5.1. Education

On-site education included (1) an ICU grand rounds presentation by
the principal investigator just prior to the release of revised local clinical
practice guidelines, and (2) a slide presentation integrated into the one-
day course for residents delivered every four weeks at the start of the
ICU rotation. Web-based education consisted of electronic communica-
tion (emails and resources posted on the departmental website), and a
newsletter (Supplementary File S1). Educational content highlighted
key changes to the local clinical practice guideline, the evidence
supporting these changes, and notice of the implementation strategies.

2.5.2. Clinical decision support tools

A new clinical practice guideline for VTE prophylaxis for medical-
surgical ICU patients was developed by a local multi-disciplinary team,
reviewed by healthcare providers, and endorsed by ICU leadership
(Supplementary File S2). This guideline was disseminated across all
study sites by clinical leads in each profession (medicine, pharmacy,
nursing). The guideline outlined a clear VTE prophylaxis care pathway
and recommended LMWH dosing, including adjustments for extreme
weights and renal insufficiency. The new guideline also informed
changes to the VTE prophylaxis order set within the established com-
puterized order entry system used in all participating ICUs (Sunrise
Clinical Manager © Eclipsys). This new order set was designed to facili-
tate selection of LMWH (rather than unfractionated heparin [UFH]) for
VTE prophylaxis in ICU patients (Supplementary File S3).

EDUCATION (1A)
90%

2.5.3. Reminders

Identified as early adopters during planning of the improvement ini-
tiative and ideally suited in their professional role as therapeutic advi-
sors, pharmacists provided verbal LMWH reminders to prescribers at
the point-of-care, most commonly during daily multi-professional bed-
side rounds [37]. Other forms of reminders included paper (posters on
the unit, reminder pocket cards; Supplementary File S4 and Supplemen-
tary File S5) and electronic messages using the regional paging system
to remind prescribers of clinical decision support tools and the initiative.

2.54. Audit and feedback

Each month administrative data from the provincial health analytics
system (eCritical [38], Metavision © iMDsoft) on VTE prophylaxis pre-
scribing were collected, synthesized and presented to providers. Posters
showing the percent of LMWH, UFH, and mechanical prophylaxis days
in each ICU were circulated to prescribers and pharmacists via:
(1) email; (2) intranet on the departmental home page; and (3) posters
taped to the computer rounding cart as well as other key locations in in-
dividual ICUs (Supplementary File S6).

2.6. Survey

2.6.1. Participant ascertainment

The survey was disseminated six months after we began rolling
out implementation strategies. In compliance with our provincial
healthcare delivery organization research regulations, local ICU man-
agers emailed the study invitation to ICU providers and decision-
makers on our behalf. The invitation letter included a link to the elec-
tronic survey (Survey Monkey®). The decision to complete the survey
indicated informed consent. Survey responses were anonymous. Survey
reminders were sent three times to providers, seven to ten days apart.

2.6.2. Survey development

The survey was developed from a validated instrument used suc-
cessfully in a previous national Canadian study [27] to identify barriers
and facilitators to using LMWH for VTE prophylaxis in the ICU. The sur-
vey was divided into three sections: 1) professional demographic char-
acteristics, 2) perception and knowledge of best practices for VTE
prophylaxis, and 3) recollection of implementation strategies used to
encourage prescribing of LMWH over UFH to measure acceptability,
adoption, appropriateness, feasibility, and penetration (Supplementary
File S7). Some of the implementation strategies described in the survey
were not part of the improvement initiative, but were included to
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Fig. 2. Audit of LMWH and UFH administration over time. Arrows indicate when QI strategies were implemented. Education (1A) - Site visits, newsletter, meeting presentations, and grand
rounds; (1B) - Resident presentation (each ICU rotation every 4 weeks); (1C) - Research seminar to frontline providers and decision makers. Clinical Decision Supports (2A) — Practice
guideline release; (2B) - Change in electronic order set. Reminders (3A) - Verbal reminders during daily rounds; (3B) - Prescribing pocket cards and LMWH stickers tagged on ICU
computers; (3C) - Resident paging if UFH is ordered for a patient instead of LMWH. Audit & Feedback (4A) - Monthly dissemination - unit posters; website, email; (4B) - Zone report

to frontline providers and decision makers.
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permit comparisons to previous surveys within the larger study [25]
and to account for possible individual grass root implementation strat-
egies. Survey questions included three types of response options:
multiple-choice, a seven-point Likert scale (1 = never to 7 = always),
and open-ended text boxes. The final question of the survey asked par-
ticipants if they were interested in participating in interviews to expand
their responses.

2.6.3. Data analysis

Descriptive statistics (medians with interquartile ranges [IQR], fre-
quencies with proportions [%]) described participant demographics,
knowledge of best practices for VTE prophylaxis, recollection of imple-
mentation strategies, and perceived utility of each implementation
strategy to encourage LMWH use. ICU healthcare providers were cate-
gorized into three groups: 1) prescribers of VTE prophylaxis (physi-
cians, medical trainees, and NPs), 2) advisers to the prescribers
(pharmacists), and 3) those who administer VTE prophylaxis (nurses).
Chi-squared tests were used to make statistical comparisons between
groups. Open-ended questions were analyzed using the same methods
as the interviews, described below.

2.7. Interviews

The full details of the methodology for the interviews can be found in
Supplemental File 8 (Supplementary File S8). Briefly, interviews were
conducted 8 months after rollout of the implementation strategy with
the same group of participants that responded to the survey. The inter-
views were analyzed by two independent analysts using a blended ap-
proach of deductive coding, based on the known topics from existing
evidence on barriers and facilitators to the adoption of LWMH for VTE
prophylaxis [27], and inductive coding whereby new codes and themes
developed from the data.

Agreement between the quantitative survey data, the open-ended
qualitative data from the survey, and the qualitative interview data (tri-
angulation) was examined.
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2.8. Ethical considerations

This study was approved by the University of Calgary Health Re-
search Ethics Board (REB16-0541).

3. Results
3.1. Survey

Of 149 surveys distributed; 90 were returned (response rate =
60.4%). The majority of respondents were nurses (46.6%), followed by
prescribers (38.8%), and pharmacists (14.4%). Within the prescribers
there was heterogeneity among response rates - the NPs had the
highest response rate (83.3%) followed by intensivists and clinical fel-
lows (66.7%), with residents having the lowest response rate (18.2%).

Most healthcare providers indicated that LMWH was 1) effective at
preventing DVT (94%) and PE (77%), 2) had a low risk of bleeding
(79%) and heparin induced thrombocytopenia, and 3) was most cost ef-
fective (89%; Fig. 3); which is congruent with the published evidence.
Although 87.6% of participants correctly selected adjusted dosing of
LMWH as the guideline concordant prescription for patients with ex-
treme weights (<40 kg or > 100 kg), only 58.4% correctly selected ad-
justed dosing of LMWH as the guideline concordant prescription for
patients with kidney impairment (CrCl<30 ml/min). Responses to all
questions varied by professional group (not statistically significant for
risk of bleeding); prescribers and pharmacists more frequently selected
the response that was congruent with the published evidence (Fig. 3).
On the seven-point scale (1 = never, 7 = always), healthcare providers
perceived that VTE prophylaxis best practices were almost always being
followed in the ICUs (median = 6, IQR = 6-6).

The implementation strategies most commonly observed by pro-
viders were verbal reminders from pharmacists to physicians (80%),
followed by other practice reminders (50%), and local practice guide-
lines (50%) (Fig. 4). Observed implementation strategies considered to
be most helpful to promote LMWH prescribing were local leader cham-
pions (76%), on-site education (74%), and computerized provider order
entry system (69%; Fig. 4). Observed implementation strategies re-
ported to be least helpful were web-based education (45%), other
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Fig. 3.ICU Healthcare Provider's Knowledge of Best practices for VTE prophylaxis. Legend: ICU Healthcare Provider's Knowledge of Best practices for VTE prophylaxis'. f Responses are not
mutually exclusive. * There was 1 missing response from a nurse for these two questions. Abbreviations: LMWH: Low molecular weight heparin; UFH: Unfractionated heparin; DVT: Deep
vein thrombosis; kg: Kilogram; PE: Pulmonary embolism; HIT: Heparin induced thrombocytopenia.
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reminders (45%), and posters (53%; Fig. 4). The observed implementa-
tion strategies and their perceived helpfulness varied among profes-
sions (Supplementary Table S1). A verbal reminder from pharmacists
to doctors was the most commonly reported implementation strategy
observed by prescribers (81%) and nurses (78%), while pharmacists
most commonly reported observing local guidelines and preset orders
(92%). Of observed implementation strategies, prescribers identified
local clinical champions as most helpful to encourage LMWH uptake
(91%), while pharmacists found audit and feedback most helpful
(78%) and nurses found on-site education most helpful (85%).

Qualitative analysis of the open-ended survey questions was consis-
tent with interviews (Supplementary File S8).

3.2. Interviews

Twelve healthcare providers participated in the interviews, which
identified five primary themes and fifteen sub-themes that explained
providers' experiences with the implementation strategies and factors
effecting VTE prophylaxis practices (Supplementary File S8). The pri-
mary themes included: healthcare professional roles, perceptions of
the implementation strategies, key facilitators to LMWH uptake, key
barriers to LMWH uptake, and recommendations for future initiatives/
sustainability (Supplementary File S8).

4. Discussion

By systematically evaluating multiple implementation strategies
within a complex improvement initiative, we identified potential fac-
tors that may have contributed to or impeded its success. Our study
found most staff were aware of the overall improvement initiative to
improve VTE prophylaxis and perceived many of the individual imple-
mentation strategies effective at changing VTE prophylaxis prescribing
practices. Site champions, verbal reminders to prescribers, and changes
within the computerized order entry system were frequently cited fac-
tors that increased prescribing LMWH for VTE prophylaxis. On the other

hand, web-based education and reminders via posters, email, and
paging were not consistently perceived as helpful implementation
strategies.

Consistent with the evidence examining effectiveness of implemen-
tation strategies [39,40], the perceived positive impact of verbal re-
minders, specifically from pharmacists to prescribers, may be because
of the general effectiveness of reminders as an implementation strat-
egy; but it may also have been context-specific and related to the role
pharmacists play in ICUs, specifically their expertise and credibility as
pharmacology experts (natural champions and early adopters of
LMWH prescribing) [37,41,42]. Similarly, the variable success of web-
based education and audit and feedback may reflect a general ineffec-
tiveness of these implementation strategies, or it may reflect the passive
application of these implementation strategies in the present study. For
example, aggregate audit data of LMWH prescribing were communi-
cated to providers each month electronically and via posters posted at
the point-of-care on computer carts used in daily rounding but was in-
frequently paired with facilitated discussion or with academic detailing,
which have been suggested to be more effective, engaging approaches
for audit and feedback [43-45]. While the implementation strategies
used in our study were tailored to each ICU, they would likely translate
well to other ICUs. The strategies were specifically designed for a non-
urgent therapy and as such may be generalized to other quality im-
provement initiatives targeting routine prescribing (e.g., nutrition) or
care processes (e.g., delirium screening). It is less clear how well they
would translate to emergency care practices (e.g., resuscitation).

Self-reported differences across professions in this study were con-
sistent with a previously conducted study examining facilitators and
barriers to guideline concordant VTE prophylaxis in the ICU [25].
These inter-professional differences are congruent with a modest evi-
dence base on the relationship between healthcare profession and ef-
fectiveness of implementation strategies [46]. For example, while
nurses are keen to utilize evidence to inform their practice, there are
several professional and organizational barriers to this [47]. A recent
systematic review of strategies to increase evidence-informed
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decision-making among nurses found mixed effects on various aspects
of implementation [48]. Because most of the included studies involved
multiple implementation strategies simultaneously, it is unclear which
specific implementation strategies were related to any observed effect
on clinical practice, and more importantly, if this differs from other pro-
fessional groups such as physicians/NPs or pharmacists [48]. In our
study, the transient nature of rotating residents was noted as a barrier
to optimized prescribing of LMWH for VTE prophylaxis, suggesting
that more tailored and perhaps periodic implementation strategies
within, as well as among, professional groups may optimize best
practices.

There are a few limitations to consider when interpreting our results.
The delivery of healthcare is complex and context specific. As such, con-
textual factors unique to the care delivery setting and to the specific be-
havior change may facilitate or hinder implementation strategies. For
example, the interplay between professions has been highlighted [49]
and was observed in our study. Although our response rate was reason-
able for a study of this scope, the response rate for residents was low.
Similarly, we ascertained participants for our interviews from survey re-
spondents who volunteered to participate in an interview - those who
participated are likely more engaged and invested in the improvement
initiative. Finally, because the objective of this process evaluation was to
evaluate the perceived utility of the implementation strategies to in-
form real-time modifications to the overall improvement initiative,
other than aggregate estimates of prescribing practices that were used
for the purpose of audit and feedback (Fig. 2), we were not able to com-
prehensively evaluate the effect of each implementation strategy on
prescribing practices, cost, and clinical outcomes. This limits inferences
to the success of the implementation strategies in changing prescribing
practices and knowledge over time, which will be reported in a separate
manuscript.

5. Conclusions

This study identified which implementation strategies in our im-
provement initiative were perceived to be most and least helpful for in-
creasing the prescribing of LMWH for VTE prophylaxis - reminders from
pharmacists was perceived as most helpful while web-based education
was perceived as least helpful. Differences between professions suggest
implementation strategies need be tailored to the role of each profes-
sion in care delivery. These results can be used to select implementation
strategies that are effective for clinical practice changes related to rou-
tine ICU care and prescription of medications, and highlight the impor-
tance of leveraging the support of the multi-professional ICU team. As
no single implementation strategy is effective in all contexts [50],
conducting process evaluations is crucial to understand the relative con-
tributions of specific implementation strategies within complex im-
provement initiatives [51-53].

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.jcrc.2018.11.023.
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