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Abstract

Purpose of Review The aim of this review is to identify the implementation approaches, strategies, and outcomes for con-
tinuous glucose monitoring (CGM) in the intensive care unit (ICU). Medline and Web of Science databases were searched
to report relevant literature published between September 12, 2016 and September 12, 2021. Implementation outcomes and
strategies, defined by the Expert Recommendations for Implementing Change (ERIC) project, were extracted.

Recent Findings Of the 324 titles reviewed, 16 articles were included in the review. While no studies were identified as
implementation research, 14 of 16 identified implementation strategies that aligned with ERIC definitions. Included studies
described a multi-disciplinary approach. Clinical outcomes included Mean Absolute Relative Difference (MARD), rang-
ing from 7.5 to 15.3%, and 33-71% reduction in frequency of point-of-care (POC) blood glucose monitoring (BGM) using
hybrid protocols.

Summary This scoping review provides valuable insight into the process of CGM implementation in the ICU. Continued

research should include implementation outcomes to inform widespread utilization.

Keywords Continuous glucose monitoring - Inpatient - Hospitalized - Intensive care unit - Implementation science -

Glucose monitoring

Continuous glucose monitoring (GCM) has been a mainstay
of diabetes care with consistently positive outcomes across
diabetes populations managed in ambulatory and home set-
tings. While CGM has been studied in the inpatient setting, it
is not approved by the Food and Drug Administration (FDA)
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for use within the hospital setting. The potential benefit of
these systems within the hospital setting, and more specifi-
cally in the critical care environment has long been recog-
nized. [1, 2¢] Much of the previous inpatient CGM research
has been focused primarily on device accuracy rather than
people with diabetes (PWD) or clinical use outcomes.
During the COVID-19 pandemic, CGM emerged as
an important and innovative approach to manage hyper-
glycemia while reducing healthcare worker exposure to
the virus. In April 2020, the FDA provided emergency
use authorization for CGM to be used in hospitals during
the pandemic. [3] Since then, there have been increasing
reports in the research literature of successful use of CGM
for critically ill patients, with demonstrated safety and
efficacy primarily among COVID-19 patients. [4e, 5e, 6e,
7-10] The rapid clinical deployment of CGM in the hos-
pital during the COVID-19 pandemic provided a unique
opportunity to study integration of these systems into
practice. While studies demonstrate a reduction in point
of care (POC) glucose monitoring, reasonable accuracy,
and consistent safety, few studies specifically reported on
the process of implementing CGM into current workflow.
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Use of an implementation science approach allows for
investigation into factors that facilitate or inhibit routine
uptake of research findings into practice settings. Previ-
ous reviews on the use of CGM in the hospital and criti-
cal care environment have focused primarily on clinical
outcomes. [1, 11] While an understanding of clinical out-
comes is essential for future inpatient CGM use, informa-
tion on implementation specific strategies and outcomes
are equally important to advance potential use of CGM for
hospitalized patients outside of the urgency of a pandemic.

The field of implementation science provides a taxonomy
of implementation strategies and outcomes to continue to
advance knowledge about effective approaches for increas-
ing uptake of new treatments or services in practice settings.
[12, 13] Implementation strategies are the specific actions
taken to increase routine use of a new practice. These strate-
gies have been categorized and defined by the Expert Rec-
ommendations for Implementing Change (ERIC) project and
include 73 distinct activities that have been extensively stud-
ied for their effectiveness of uptake of new practices among
end users. [12] Similarly, implementation outcomes reflect
measures that evaluate frequency and degree of uptake and
routine use of new treatments or services within practice set-
tings. These outcome measures include acceptability, adop-
tion, appropriateness, cost, feasibility, fidelity, penetration,
and sustainability [13].

Information on implementation factors must accompany
current data on clinical effectiveness of CGM in critical
care units. This information is particularly relevant, given
that CGM devices currently available are designed for per-
sonal use in the ambulatory setting, and not necessarily
for inpatient hospital use. Potential considerations when
seeking to evaluate use of CGM for hospitalized patients
include training of personnel, device set-up, data trans-
mission and sharing, documentation of glucose measures,
clinical protocols, and frequency and feasibility of rou-
tine use. While some research has evaluated CGM use
for non-critically ill patients, little work has evaluated
factors impacting routine use in critical care settings due
to rapidly changing clinical factors that can cause unpre-
dictable glucose fluctuations and potentially affect the
accuracy and safety of interstitial glucose measurements.
Additional concerns exist about interfering substances,
medications, and devices that could impede CGM accu-
racy in the inpatient setting. [5e] Moreover, ICU patients
are less likely to be able to communicate symptoms of
hypoglycemia. In light of the preliminary research that has
established clinical efficacy and effectiveness of CGM in
critical care settings, additional data are needed to inform
actual approaches to routine implementation. Therefore,
the purpose of this scoping review was to identify the
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implementation approaches, strategies, and outcomes for
CGM use in critical care hospital settings.

Methods

A scoping review was conducted to understand the implemen-
tation factors associated with CGM use in the critical care
environment. A protocol to guide this scoping review was
created a priori and components aligned with the Preferred
Reporting and Items for Systematic Reviews and Meta-Anal-
ysis extension for Scoping Reviews (PRISMA-ScR).

Search Strategy

A structured librarian-assisted literature search of peer
reviewed articles was performed using electronic data-
bases including Medline and Web of Science. Reference
lists of eligible articles and related systematic reviews were
reviewed to identify additional articles. The search strategy
was based on the following keywords: (Continuous Glu-
cose Monitoring OR CGM) AND (ICU OR Intensive Care
Unit OR Critical Care). Filters were used to limit results to
reports of primary studies, in the English language, pub-
lished between September 12, 2016 and September 12, 2021.
Covidence systematic review software (www.covidence.org)
was used for all stages of the review.

Inclusion and Exclusion Criteria

Articles were included if they were published between
9/12/2016 and 9/12/2021, were available in English lan-
guage, and reported findings from original research, imple-
mentation science, and/or quality improvement designs pub-
lished in a peer reviewed journal. Articles also had to report
implementation approaches, strategies, and/or outcomes for
CGM in pediatric and/or adult critical care settings. Publica-
tions were excluded if they were commentaries or editorials,
literature reviews, published abstracts/conference proceed-
ings, and if the setting for CGM use was not critical care.

Data Extraction

Two reviewers (ERF, MM) independently reviewed titles
and abstracts of search results to determine initial eligibil-
ity based on inclusion and exclusion criteria. The same two
reviewers then reviewed the full text articles to verify final
inclusion in the review. At each stage of the review process,
any discrepancies were resolved through consensus with a
third reviewer (KMD).
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Extracted data elements were established a-priori in the
review protocol. Two reviewers (ERF, MM) independently
extracted data from included articles using standardized
extraction forms. Extracted data elements included the fol-
lowing elements: title/author, year of publication, aims,
country, setting (type of unit), project design, theory/model/
framework guiding the project, implementation strategies
as outlined by the ERIC group, [12] and implementation
outcomes as outlined by Proctor. [13] Specific components
of the implementation process were also extracted, which
included type of training/education for CGM use, team
members involved in use/implementation, protocol identi-
fied/used, and CGM data transmission strategy. Lastly, clini-
cal outcomes were extracted and included mean absolute
relative difference (MARD) ([absolute value of the reference
glucose — CGM glucose]/reference glucose), time in range

Fig.1 PRISMA diagram

(70-180 mg/dl), and Clark Error Grid of glucose values.
MARD is a commonly used measurement that is easy to
calculate and interpret which matches CGM values to a com-
parison glucose measurement for all patients in a sample.

Results

The initial search retrieved 443 manuscripts with 324
titles and abstracts reviewed after duplicates were removed
(Fig. 1). Of these, 290 were excluded for not meeting initial
inclusion criteria resulting in 34 articles that underwent full
text review. Articles were eliminated for the follow reasons:
no approaches, strategies, and/or outcomes of CGM imple-
mentation or sustainability efforts were reported (n=12);
because the research in fact did not occur in the critical care
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setting (n=2); studies were not original research, imple-
mentation science, and/or QI designs (n=2); the study
used blinded CGM (n=1); and because no outcomes were
reported (n=1). Sixteen articles were identified to meet
inclusion criteria and were included in the review.

Characteristics of Included Studies

All 16 articles included in the review were original research
studies. Included studies represented a wide variety of meth-
odological approaches including: randomized controlled
trial (n=4) [14, 15, 16, 17], retrospective cohort studies
(n=17) [4e, S, 6, 8, 10, 18, 199, 20], prospective cohort
studies (n=3) [9, 21, 22], quasi-experimental (n=1) [23],
and qualitative (n=1) designs [24]. Eight studies included
implementation and clinical data collected during the
COVID-19 pandemic [4e, Se, 6e, 7, 8,9, 10, 24]. Studies
were from 2016 to 2021 and incorporated a total of 1,290
critical care patients. Most studies were conducted in medi-
cal intensive care units (MICU) (n=11) [4e, S5e, 8, 9, 10,
14, 19e, 21, 24, 25], with other studies conducted in mixed
intensive care unit (ICU) environments (n=2) [18, 26], in
the pediatric ICU (PICU) [27], and in a cardiac ICU (n=1)
[28]. Half of the studies were conducted in the USA (n=28)
[4e, 50, 60,7, 8,10, 15, 20, 24], while others were conducted
in Europe (n=5) [14, 17, 21, 22, 29], China (n=1) [16],
Korea (n=1)[28], and Columbia (n=1). [9] A number of
different types of CGM devices were used (Table 1), with
the Dexcom G6 CGM system used most frequently. [4e, Se,
6e,7, 8, 10, 20] Several studies featured CGM systems that
are not commercially available [14—18, 21, 22, 28].

Implementation Approaches and Strategies

There was wide heterogeneity in implementation approaches
across the included studies (Table 2). The majority of studies
(n=10) reported at least intermittent non-adjunctive CGM
use, meaning a confirmatory POC measure was not always
required. [4e, 5e, 8, 10, 18, 19e, 24, 25, 26, 28] In 9 studies,
the CGM value could be used to titrate insulin. [4e, S5e, 7,
9, 10, 17, 20, 24, 25, 29] Interestingly non-adjunctive use
and use for insulin titration were not mutually exclusive. For
example, Song 2017 reported that the CGM could be used
non-adjunctively but when CGM glucose values met a thresh-
old for insulin adjustment or dosing, then POC glucose was
obtained for insulin administration. [28] Not surprisingly, the
majority of articles reporting non-adjunctive use and CGM
use for insulin dosing were observational studies conducted
during the COVID-19 pandemic [4e, Se, 8, 9, 10, 19e, 20, 24].

In studies describing CGM device set up and sensor
insertion most indicated members of the research team
performed these tasks. [14, 16—18, 21, 28] However, during
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the COVID-19 pandemic, device set-up was performed
by members of the endocrinology/diabetes team [4e, 10,
24] while sensor insertion and pairing of the CGM was
completed by either the endocrinology/diabetes team
[6e, 10, 19¢] or by members of the nursing team. [4e,
Se, 8, 9, 20, 24] Several studies described CGM glucose
monitoring as performed by nurses, [Se, 20, 24]while in
others, the endocrinology team[8] or research team[14]
primarily performed monitoring activities. Individuals
involved in CGM activities and team composition varied
across included studies. Nurses were mentioned most often
[5e, 669, 8 9, 10, 15, 16, 17, 18, 19, 21, 22, 24] with
only 2 studies not mentioning their involvement. [14, 28]
Not surprisingly, the pre-COVID era studies all mentioned
the role of research staff members, [14, 15, 16, 17, 18, 21,
28] whereas 7 of the 8-pandemic era retrospective studies
reported endocrinology/diabetes (DM) team involvement
[Se, 60, 8,9, 10, 19e, 24].

How glucose was visualized or transmitted was described
in 10 studies. [Se, 69, 8, 10, 16, 18, 19, 24, 28, 30] Glucose
was most often transmitted via Bluetooth to receivers or
phones, [Se, 6e, 8, 10, 18, 19e, 20, 24] often kept outside
the patient room. [Se, 6, 8, 10, 19e, 20, 24] Davis et. al.,
created a glucose telemetry system in which CGM glucose
data was transmitted to the Dexcom G6 app on phones kept
just outside the person’s room. The Dexcom Follow app was
then used to transmit glucose to the nurses’ station where
values could be visualized and alarms could be heard in real-
time. [5e¢] Several studies mentioned the use of download
visualization software (i.e., Dexcom Clarity, LibreView,
CoPilot Health Management System) [5 e, 6e, 9, 18, 24] with
a handful specifically mentioning use by the endocrinology/
DM teams [Se, 20, 24].

While none of the studies were identified specifically
as implementation research, 14 of the 16 identified
inpatient implementation strategies that aligned with ERIC
definitions (Table 2). Only two studies did not report on any
implementation strategies. [14, 28] Across the remaining
studies, the frequency of specific implementation strategies
used are displayed in Fig. 2. Seventeen different ERIC
strategies were described and included in descending order:
facilitate relay of clinical data, [4e, 5e, 6e, 8, 9, 10, 16, 17,
19e, 24, 27] educational meetings, [4e, 18, 22, 24] change
in physical structure, [6e, 8, 10, 24, 25] distribute materials,
[8, 9, 25] identify facilitators and barriers, [21, 24] develop
educational materials, [8, 24, 25] assess for readiness,[21,
24] provide clinical supervision, [8, 24] centralize technical
assistance, [15, 24] create new clinical teams, [24] conduct
ongoing training, [4e] identify and prepare champions,
[24] change record systems, [5e] data experts, [Se] data
warehousing techniques, [5e] build a coalition, [24] and
bedside reference materials [8].
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Clinical and Implementation Outcomes

£ |B g
3 E = Several different clinical and implementation outcomes were
E § § reported across the various studies, which were not consist-
TE g g ent or mutually exclusive. (Table 3). Most studies reported
5 < < both clinical and implementation outcomes (10/16, 63%),
E [4e, Se, 6o, 8, 15, 16, 20, 21, 22, 26, 28] while one study
) 2;% reported only implementation outcomes (1/16, 6%), [24] and
g g some reported only clinical outcomes (5/16, 31%). [7, 9, 10,
'é é 2 14, 18] Clinical outcomes are synthesized in Fig. 2. MARD
= § 2 was reported in 7 studies and ranged from 7.5 to 15.3%.
ca % [4e, 8, 10, 19e, 21, 22, 29] MARD source varied between
g studies including arterial,[29] a combination of capillary,
_ _ § venous, or arterial[4e, 8, 10, 21, 22] or not specified. [19e]
3! 3 & Seven studies reported Clark Error Grid analysis with results
o S % showing >75% of values in zone A (within 20% of reference
g \g ; glucose value). [Se, 6, 10, 19¢, 21, 22, 28] Time in range
8 & :é (70-180 mg/dl), was reported in 5 studies and fell within a
. . E wide range of 46.1% and 75.7%. [4e, 5, 17, 19, 30] In one
A 2 % study, time in range was reported as 144-180 mg/dl to better
g g % align with American Diabetes Association in hospital rec-
© © E ommendations for critical care [31] and found significantly
E E oy higher time between 144 and 180 mg/dl for participants on
é é __§ CGM vs. standard POC blood glucose monitoring (BGM)
§ g g @) ((51.5% vs 29.0%). [16] One study reported similar accu-
g § E D; racy (60.1% vs. 57%, in zone A of the Clark Error Grid,
é g g § respectively) between CGM placement sites (thigh vs. abdo-
3 g é g men). [28] Frequency of POC BGM was reported most often
g 3 z 2 in COVID-19 related studies that used a hybrid protocol
= < < % combining reduced frequency POC BGM and intermittent
~ El E non-adjunctive CGM. Reduction in POC was dependent on
::i E £ hybrid protocol design, for which studies reported a 33-71%
5 |2 £ El reduction in POCBGM [4s, 5, 6e, 8, 10, 19e, 20].
%; :2 %& 8 Implementation outcomes included various measures of
E é § ; components outlined by Proctor in the field of implementa-
= tion science (acceptability, adoption, appropriateness, cost,
o 8 2 To2: o= > feasibility, fidelity, penetration, sustainability). [13] Across
EEZ3 525, 202 5 the studies included in this review, feasibility was reported
SESEESE, 50F | S , y was rep
S ET, é E g ; £ ER § %é é most often (6), along with fidelity (2), acceptability (2), and
é‘ £ § %Dg EE¥xX %ﬂ % 2 g g appropriateness (1). Feasibility was defined as the ability
£ g ES =EE gRE S 5 to successfully implement CGM (e.g., training program
S development, sustained use, successful data capture), while
g fidelity was the degree to which CGM was implemented as
. § prescribed (e.g., protocol adherence, consistent application)
s 5 = [13].
g '§ E E Acceptability was defined as the perception among
S 5 8 g end users that CGM was satisfactory for routine use, and
2 § appropriateness referred to the perceived fit or relevance of
g 3 CGM for the population and setting among end users. [13]
§ = _ g Using these established definitions, two studies reported
: a % S g non-adherence to the protocol in which nurses continued
2z g & = to check POC glucose after CGM had been validated for
e | 3 S 3 Sx') intermittent non-adjunctive use. [4e, 8] Interestingly, both
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studies reported that nursing adherence improved over time.
[4e, 8] Only three studies examined nursing acceptance of
CGM systems within the ICU with two studies conducted
during the COVID-19 pandemic showing positive sentiment.
[6e, 21, 24] In a qualitative focus group, nurses reported
perceived accuracy was high and there was a strong sense
of nursing ownership over the technology. [24] Interestingly,
while nurses felt time spent obtaining glucose information
was reduced, they actually reported time monitoring glucose
increased because CGM values were continuously availa-
ble. [24] Chow et. al. reported survey data showing 63% of
nurses felt CGM use improved clinical care and 49% indi-
cated CGM reduced use of personal protective equipment
(PPE). [6¢] In an earlier study by Wollersheim et. al., 79.1%
of nurses rated CGM as non-beneficial. [21] It is important
to note that the study used older technology that required fre-
quent calibration and additionally, the study reported a high
rate of premature removal of sensors (21 out of 31) with 71%
of early removals attributed to sensor related issues [21].

Discussion

This scoping review is the first to synthesize existing litera-
ture on factors influencing implementation of CGM in the
critical care setting. Examination of factors influencing use
of the systems within the critical care infrastructure will help
facilitate safe and effective use of CGM. This information
is critically important during a pandemic as health systems
work to rapidly deploy CGM, but even more importantly,
this information will establish a blueprint for successful
deployment of CGM into routine critical care settings.

The inclusion of both clinical and implementation out-
comes and strategies within research protocols is essential
for the evaluation of CGM in the critical care environment.
While an examination of clinical outcomes such as sen-
sor accuracy and glycemic management are of undoubted
importance, if we are to move toward routine use of CGM in
the hospital, an examination of implementation factors such
as fidelity to treatment guidelines and feasibility are also

@ Springer

critical. We can illustrate this by examining current standard
of care POC glucose monitoring in the inpatient setting. The
accuracy of inpatient POC meters, particularly those FDA
approved for critical care use, is excellent with 97.2% of the
Novo StatStrip’s values lying in A zone and 2.8% in the B
zone of the Clark Error Grid. [32] However, intensive inpa-
tient POC blood glucose monitoring is a time-consuming
task, often resulting in insufficient frequency and inadequate
timing of BGMing [32].

The communication of implementation approaches
and strategies are essential as health systems begin to
consider what supports (e.g., training, team) are needed
for safe and effective future use of these systems within
the hospital. Specifically, clinical outcomes should be
evaluated and reported in the context of implementation
strategies and approaches. For instance, two observational
COVID-19 era studies reported vastly differed in time in
range (46.1% vs. 72.5%, respectively) as their clinical out-
comes. [7, 30] These outcomes can be heavily influenced
by the protocol via which CGM was deployed, but also
by team composition, training, and ongoing management
and monitoring of values. Reductions in POC BGMare
also difficult to evaluate without contextual factors, such
as full institutional protocol description, to understand
whether this was an expected reduction in frequency of
POCBGM [7].

Several studies included in this review did report on
approaches to implementation, which included team com-
position, delineation of roles, and protocols. Overall, team
composition and delineation of CGM tasks and responsi-
bilities varied significantly across studies. Previous publi-
cations have discussed the importance of hospitalendocri-
nology and diabetes teams in the future implementation
of hospital CGM. [2e, 33] All but one pandemic era study
mentioned endocrinology and diabetes team involvement
which is an important consideration for health systems
and hospitals that do not have dedicated inpatient diabetes
teams.

Prior to this review, team member roles and responsibilities
had not been synthesized. Given that glucose monitoring with
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traditional POC BGM is currently performed by nurses or
by individuals under nursing supervision (e.g., nursing assis-
tants), an understanding of nursing role and responsibilities
in the implementation of CGM in the critical care environ-
ment is essential. All but two studies mentioned at least some
aspect of the nursing role in CGM use. [4e, 5e, 6¢, 8,9, 10, 15,
17, 19e, 20, 21, 22, 24, 25, 29] These pandemic-era studies
provided valuable data on how nurses use CGM in clinical
practice and nursing scope surrounding the technology. In
addition to nursing team members, pandemic-era approaches
also involved other individuals within a multi-disciplinary
team and roles among members. Teams included members
of the diabetes or endocrinology service, [4e, Se, 6e, 8, 10,
19e, 20, 24] critical care medicine, [10, 24] and pharmacy.
[Se, 20, 24] While these studies reported on team composi-
tion, less information was supplied on actual role delineation
among team members. For example, few studies explored or
reported on the fact that the ICU nurse needs to use CGM data
in real time to dose insulin and prevent and treat hyperglyce-
mia and hypoglycemia, whereas prescribers on care teams
may be more likely to use CGM data retrospectively to make
treatment decisions and change insulin orders. Future research
is needed to better explore this concept of role delineation in
CGM use within critical care settings.

In addition to team composition and roles for CGM use,
several studies reported on protocols which inform the over-
all approach to scale this type of monitoring for use in criti-
cal care settings. Hybrid protocols were widely described
in COVID-19 pandemic-era studies and offered a means of
reducing the frequency of POC measures while still requir-
ing intermittent POC BGMfor confirmation of CGM accu-
racy or when glucose exceeded certain thresholds or other
clinical criteria were met. [4e, 5, 6o, 8, 10, 19¢, 20] All 6
studies using hybrid protocols required more stringent vali-
dation measures on sensor insertion [4e, 5S¢, 6e 8 10, 19e,
20] and 3 studies did not use the CGM clinically for the
first 24 h. [6e, 8, 10] Previous outpatient CGM research has
shown somewhat lower accuracy during the first 12-24 h
of CGM use, [34]supporting the rationale for increased
POC BGM and validation on initial CGM insertion. Of
the 6 studies describing hybrid protocol use, 4 used 20% as
a threshold for nonadjunctive use. [4e, Se, 6, 7, 20] with
one study requiring the difference in values to be <35 mg/
dl [10] Another study allowed intermittent non-adjunctive
use if the CGM glucose level fell between 100 and 200 mg/
dl. [8] Ongoing POC BGM and validation was most often
performed every 6 h, [4e, Se, 20] while two studies required
only daily POC, [10, 19e], and one study fluctuated between
Q2 and Q4 hour POC glucose monitoring [8]. The data from
this review shows safe and effective intermittent non-adjunc-
tive use of CGM within the constraints of a hybrid protocol.
Specifically, investigations into CGM impact on workflow

@ Springer

among nurses is of particular interest, given preliminary
work demonstrating reduced care burden, coupled with cur-
rent estimates of an unprecedented nursing shortage [35].

Another consideration when evaluating implementation
approaches is the type of CGM sensor. Many of the studies
included in this review feature older technologies which
are either no longer commercially available, [15, 18, 28] or
were previously under development for the inpatient envi-
ronment but not commercially available. [14, 16, 17, 21, 22]
The effect of technology specification on clinical outcomes
such as accuracy is well understood and studied, however
technology design has a significant impact on implementa-
tion. For instance, Wollersheim et. al., reported poor accept-
ance and use of CGM, which they attributed to application
and performance of the CGM system. In the study, 21 out
of 31 sensors were removed prematurely, data transmission
was poor, and the system under investigation required every
8 h calibrations for routine use. Not surprisingly, nearly 80%
of nurses found the system to be unhelpful [21].

When examining implementation strategies, several were
reported consistently across the studies included in this
review. All studies utilized facilitated relay of clinical data,
while 6 studies included use of educational meetings, and
5 reported use of changes to clinical structures. Facilitating
relay of clinical data refers to providing real-time data to cli-
nicians about key process/outcomes using various channels
of communication to promote use of the targeted innovation.
[12] Clearly this component is critical for increasing routine
use of CGM as clinical providers need to be able to easily
access readings in real time to inform treatment interven-
tions. Relay of this clinical data for CGM was done by a
variety of measures, including use of apps and handheld
devices, receivers placed just outside the person’s room for
ease of visualization, and centralized dashboards. Conduct-
ing educational meetings was another implementation strat-
egy commonly used. This strategy refers to holding meet-
ings with different stakeholder groups to teach them about
the clinical innovation. [12] Education would be a required
component for implementation of any new technology; as
such, it is an expected strategy to increase initial and ongo-
ing use of CGM in critical care settings. The final common
implementation strategy was change in physical structures
and equipment, which is defined as evaluating and adapt-
ing structures and equipment to accommodate the targeted
innovation. [12] Studies, particularly those performed on
CGM use during the COVID-19 pandemic, report on chang-
ing the physical structure of critical care rooms to accom-
modate closed door systems with CGM receivers placed in
clear view of clinical staff either right outside the room,
or in adjacent areas. Other implementation strategies were
reported in single studies and included creating new clinical
teams, building a coalition, conducting ongoing training, use
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of champions, changing record systems, use of data experts,
data warehousing, and creating bedside reference materials.
As research continues to evaluate use of CGM in critical
care settings, integrating this taxonomy of strategies is nec-
essary to generate evidence about frequency and effective-
ness of specific implementation strategies. Ultimately, this
collective information about strategies can be used to inform
future development of toolkits and bundles for sites seeking
to integrate CGM as routine care.

The majority (11 out of 16) of the studies in this review
reported on some aspect of implementation outcomes. One
study used a qualitative design and only reported on imple-
mentation outcomes [24]; the remaining (10 out of 11) stud-
ies reported on both clinical and implementation outcomes.
Across implementation outcomes, feasibility was reported
most often. Feasibility refers to the degree that a new treat-
ment or innovation can be successful integrated into a prac-
tice setting. [13] Common measurement indices for this
outcome are lacking [36]: as such, there was wide heteroge-
neity in how this outcome was measured and reported across
the studies in our review. Indicators of feasibility included
measurement of startup time, [22] percentage of successful
measurements,[28] average down time, [32] number of nurse
encounters, [Se] and degree and duration of CGM inser-
tion. [4e, 24] Fidelity to treatment protocols is an important
implementation outcome, yet was only reported in two stud-
ies. [15, 25] However, both reported fidelity as the degree
of adherence to CGM protocols. Similarly, acceptability,
defined as the degree that stakeholders perceive the innova-
tion to be agreeable, [13] was only reported in 2 studies, [8,
21] but both included nurse perceptions of CGM use. Future
research evaluating CGM use should aim to incorporate
these and other implementation outcomes using established
definitions, [13] as well as recommendations for measure-
ment and reporting [36] to continue to generate knowledge
on optimal methods for uptake of routine CGM use in criti-
cal care settings.

Use of hybrid implementation research designs [37] is
one approach to efficiently advance CGM use in critical
care settings. Hybrid effectiveness-implementation designs
incorporate a dual focus to evaluate both effectiveness of
an intervention and factors associated with implementa-
tion. In traditional research approaches, implementation
research is often not pursued until clinical outcomes are
well established in the field, which may take several years.
This approach contributes to the persistent research to
practice gap, delaying systematic uptake of best practices.
However, because hybrid designs combine elements of both
effectiveness and implementation research, it is possible to
simultaneously generate evidence on whether a therapy or
treatment is effective, and what are the best mechanisms
to integrate it into routine clinical practices. Use of this

approach for CGM use in critical care has potential to ena-
ble more rapid adoption of CGM as a standard of care if it
continues to demonstrate positive benefit for patients and
clinicians. Incorporation of implementation outcomes, and
particularly cost, offers additional benefit to inform return
on investment and drive decisions at policy and reimburse-
ment levels [38, 39].

This scoping review has several limitations including the
fact that many of the inpatient studies used older technologies
that are either no longer commercially available or were under
development at the time. Given that technology specifications
can greatly influence implementation and expected accuracy,
findings from a study using one type of technology may not be
generalized across similar technologies. Additionally, studies
differed according to protocol and research method. It is pos-
sible that some studies that include implementation data were
missed based on the search strategy, inclusion or exclusion
criteria, or the databases searched.

Conclusion

This scoping review provides valuable consensus on imple-
mentation strategies and outcomes employed in existing
studies in the critical care environment. The rapid integra-
tion of CGM into the hospital setting during the COVID-19
pandemic provided a unique opportunity to assess imple-
mentation while generating valuable clinical outcomes data.
The use of CGM in the inpatient setting holds tremendous
promise to improve glycemic outcomes, and reduce nurs-
ing workload and associated healthcare costs; however, the
inpatient use of CGM beyond the pandemic presents unique
challenges associated with staff training, use in a variety of
health systems and team structures, and EHR integration,
necessitating future implementation research.
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