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Purpose of review

Continuous glucose monitoring (CGM) systems are Food and Drug Administration approved devices for the
ambulatory setting; however, they remain investigational systems for inpatient use. This review summarizes
the most recent and relevant literature on the use of continuous glucose monitoring in the hospital setting.

Recent findings

CGM provides real-time glucose data that enable healthcare professionals to make proactive and timelier
clinical decisions with regards to diabetes management. CGM devices appear to be safe and accurate
systems for glucose monitoring in the hospital setting. Real-time CGM systems and glucose telemetry can
decrease hypoglycemia and reduce hyperglycemia in hospitalized patients with diabetes. Remote glucose
monitoring decreases the need of frequent Point-of-care checks and personal protective equipment use
while also mitigating staff exposure risk which is timely in the advent of the COVID-19 pandemic. Although
most nursing staff have limited exposure and training on CGM technology, early studies show that CGM
use in the hospital is well received by nurses.

Summary

Given the evidence in the current literature regarding CGM use in the hospital, CGM devices may be
incorporated in the inpatient setting.
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INTRODUCTION

More than 10.5% of the US population have either
diagnosed or undiagnosed diabetes [1]. Uncontrolled
diabetes leads to microvascular and macrovascular
complications resulting in the development of multi-
ple comorbidities and eventual hospitalizations [2,3].
The high prevalence of diabetes in the inpatient
setting, which accounts for over 25% of hospitalized
patients, leads to increasedhospital-relatedcosts [4,5].

Among hospitalized patients, the presence of
dysglycemia – defined as hyperglycemia, hypoglyce-
mia, or significant glycemic variability- has been
associated with adverse clinical outcomes [6]. Cur-
rently, bedside point-of-care glucose (POC) is the
recommended method of glucose testing for hospi-
talized patients with diabetes [7]. Continuous glucose
monitoring (CGM) systems offer a different modality
of glucose monitoring compared to traditional POC,
measuring glucose concentration in the interstitial
fluid every few minutes. CGM systems have revolu-
tionized outpatient glucose monitoring since its US
Food and Drug Administration (FDA) approval in
t © 2021 Wolters Kluwe
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1999 [8]. In the hospital, multiple studies have exam-
ined the use of CGM devices in the noncritical and
critical care settings, some showing promising results
[9,10]. Most of the inpatient studies performed
assessed accuracy of CGM compared to POC, which
is not considered standard of reference. To date, there
are no studies comparing CGM glucose with those
from a laboratory glucose analyzer as the reference. In
addition, only a few studies examined whether CGM
devices can have additional benefits compared to
r Health, Inc. All rights reserved.
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KEY POINTS

� Real time-CGM and glucose telemetry has been shown
to be beneficial in the early detection and prevention of
hypoglycemia as well as a tool to
decrease hyperglycemia.

� Real time-CGM allows healthcare providers to observe
and anticipate glycemic trends resulting in more
proactive and timelier clinical decisions.

� Remote glucose monitoring/glucose telemetry results in
decreased POC checks, decreased use of personal
protective equipment (PPE) and mitigation of staff
exposure risk.

Diabetes and the endocrine pancreas I
POC in hospitalized patients with diabetes or hyper-
glycemia. Thus, CGM has not yet been approved by
the FDA to be utilized in the inpatient setting.

On March 11, 2020, the World Health Organi-
zation (WHO) declared Coronavirus-19 (COVID-19)
a global pandemic. Patients with diabetes were
found to have an increased risk for developing
severe COVID-19 [11] and have a higher risk of
mortality [12,13] compared to the general popula-
tion [14]. To help conserve personal protective
equipment (PPE) use and mitigate staff exposure
in the inpatient hospital setting, the FDA issued
guidance which did not object to the use of CGM
devices in the inpatient setting during the pandemic
[15–17]. Previous articles have reviewed the use of
CGM devices in the hospital in both the noncritical
care and critical care setting [9,18–21]. In this arti-
cle, we present a comprehensive review focusing on
studies published after the COVID-19 pandemic
declaration that utilized CGM technology in
the hospital.
METHODS

Two independent reviewers (CG, EKS) conducted an
electronic PubMed search to identify relevant pub-
lications published between March 11, 2020 to
June 30, 2021. Multiple keywords were used includ-
ing, ‘inpatient CGM’, ‘inpatient continuous glucose
monitoring’, ‘hospital continuous glucose monitor-
ing’, ‘CGM and COVID-19’, ‘inpatient continuous
glucose monitoring and COVID-19’, ‘inpatient
CGM and COVID-19’, ‘inpatient CGM and SARS-
COV-2’, ‘intensive care unit continuous glucose
monitoring’, ‘intensive care CGM’, ‘intensive care
unit (ICU) continuous glucose monitoring’, ‘non-
critical care CGM’, and ‘non-ICU CGM’.

We included studies that used CGM in adult,
nonpregnant patients who were either observed or
admitted to the hospital for medical or surgical
 Copyright © 2021 Wolters Kluwer H
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conditions and excluded studies that were done
for purely research purposes. We excluded publica-
tions that solely included the pediatric and pregnant
population. Publications which used CGM com-
bined with continuous subcutaneous infusion
(’insulin pumps’) or automated insulin delivery sys-
tems (’closed loop systems’) were also excluded from
this review.
Continuous glucose monitoring studies in
non-COVID-19 patients

The majority of the studies conducted in non-
COVID-19 patients evaluated the accuracy of
CGM devices and were performed in the noncritical
care setting, including a large group of medical and
surgical patients (Table 1). There were only two
single-center RCTs in the noncritical care setting
that enrolled patients with type 2 diabetes mellitus
(T2DM) evaluating glycemic outcomes with use of
real-time-CGM [22

&&

,23].
For the accuracy studies that utilized the Dex-

com G6 system (Dexcom, Inc., San Diego, CA, USA),
the overall mean absolute relative difference
(MARD) ranged between 9.4–12.9% and the median
absolute relative difference (ARD) ranged between
9.9 and 10.5% [24

&&

,25–27]. A large multicenter
pooled accuracy analysis of CGM data from 218
medicine and surgery patients (n¼4067 matched
glucose pairs) with diabetes revealed a MARD of
12.8% and median ARD of 10.1% [24

&&

]. Dexcom
G6 system was evaluated in the perioperative setting
in 10 patients with diabetes scheduled to undergo
elective surgery and reported an overall MARD of
9.4% [25]. Another perioperative accuracy study
which involved patients without a history of diabe-
tes who underwent coronary artery bypass surgery
showed an overall MARD of 12.9% and a median
ARD of 10.5% and noted intermittent signal loss
during surgery likely secondary to electrocautery
interference [27]. Given the concern for possible
inaccuracy during certain imaging procedures,
another study assessed CGM accuracy during certain
radiologic procedures (X-rays, computed tomogra-
phy scan, and angiography), reporting an overall
MARD of 13.3% preimaging and 12.7% postimaging
[28].

In addition to evaluating accuracy, studies have
been conducted examining the utility of CGM devi-
ces in the prevention of hypoglycemia and manage-
ment of hyperglycemia [22

&&

,23]. Utilizing the
glucose telemetry system (GTS), a randomized con-
trolled trial (RCT) by Singh et al. enrolled 72 patients
with T2DM at higher risk of inpatient hypoglycemia
randomized to either real time-CGM/GTS or
POC [22

&&

]. GTS utilizes Bluetooth technology and
ealth, Inc. All rights reserved.
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software applications wherein real time-CGM data
are sent from the sensor/transmitter worn by the
patient to the iPhone located in the patient’s room.
Thereafter, by utilizing wireless internet connectivity,
the iPhone transmits the glucose data to an iPad at the
nursing station [29

&

]. Interim analysis results showed
that the real time-CGM/GTS group had fewer hypo-
glycemic events (<70mg/dL) per patient (0.67 [95%
confidence interval, CI 0.34–1.30] vs. 1.69 [1.11–
2.58], P¼0.024) and fewer clinically significant hypo-
glycemic events (<54mg/dL) per patient (0.08 [0.03–
0.26] vs. 0.75 [0.51–1.09], P¼0.003) compared with
the POC group. No significant adverse events were
reported. Only two subjects withdrew from the study
due to minor bleeding after sensor insertion [22

&&

]. In
another RCT, real time-CGM was utilized in order to
improve glucose control in the hospital. An advanced
practicenurse reviewedglucosedata fromtheprevious
24h using Dexcom Clarity to make recommendations
to the primary teams-hospitalists. In this study, real
time-CGM reduced percentage of time spent in hyper-
glycemia>250mg/dL versus usual care (27% vs. 33%,
P¼0.04) [23].

Freestyle Libre Pro CGM (Abbott Diabetes Care,
Alameda, CA, USA) accuracy was evaluated in 97
patients with DM. The authors reported an overall
MARD of 14.8%. Mean daily glucose was signifi-
cantly higher by POC compared with CGM
(188.9�37.3 vs. 176.1�46.9 mg/dL, P¼0.001).
Hypoglycemia detected by POC was significantly
lower compared with CGM (<70 mg/dl 14%
[n¼14] vs. 56% [n¼54]; P<0.001) and<54 mg/
dL (4.1% [n¼4] vs. 36% [n¼35]; P<0.001), respec-
tively [30]. Freestyle Libre system was also used to
compare POC versus CGM values for adjustment of
insulin infusion rates for DKA treatment. Mean POC
(11.1 [3.2] mmol/L, range: 4.2–18.9 mmol/L) of the
167 paired measurements was higher than the mean
CGM glucose (9.2 [3.2] mmol/L, range: 2.6 to
18.0 mmol/L), though both were highly correlated
(r¼0.84, P<0.001) [31].

A pilot study assessing feasibility of Guardian
Connect CGM (Medtronic, Northridge, CA, USA) in
patients with T2DM and those who were hospital-
ized for acute complications revealed time in range
(TIR) significantly increased between the start of the
hospitalization and end of hospitalization, from
75.7% (95% CI 48.5–84.6) to 82.2% (95% CI
63.2–91.8) [P¼0.043], and from 58.3% (95% CI
46.3–69.7) to 66.4% (95% CI 55.6–75.5)
[P¼0.031], respectively. Ninety-five percentage of
nurses found Guardian Connect to be useful,
whereas 64% found that it saved them time [32].
Another study assessed the association of mean
amplitude of glycemic excursions (MAGEs) with
clinical outcomes using CGM data in patients with
ealth, Inc. All rights reserved.
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sepsis which showed higher median MAGE [68.8
(interquartile range, IQR:39.7–97.2) mg/dL] in non-
survivors compared to survivors [39.3 (IQR 19.9–
53.5) mg/dL] (P¼0.02). Higher MAGE was associ-
ated with higher ICU mortality rate and less ICU-
free survival days [33]. A multicenter study used
CGM to evaluate impact of hypoglycemia on mor-
bidity and mortality in patients who survived their
ICU stay. The authors reported that hypoglycemia
in ICU survivors was predominantly nocturnal (40/
51 hr, 78%), asymptomatic (25/29 episodes, 86%),
with 5.24%�5.50% of total monitoring time spent
in hypoglycemia [34].
Continuous glucose monitoring studies in
COVID-19 patients

Most of the published studies in COVID-19 patients
focused on feasibility and accuracy of inpatient CGM
in COVID-19 patients to improve glycemic outcomes
and reduce burden for healthcare professionals
(Table 2). Notably, most studies were either observa-
tional studies or case reports with a small number of
subjects. To date, there are no published RCTs exam-
ining CGM devices in COVID-19 patients.

Studies reporting accuracy of CGM predomi-
nantly utilized Dexcom G6 CGM reporting overall
MARD ranging between 9.77% and 14% [35–39].
There were only two studies [35,40] that utilized
the Guardian Connect (Enlite) CGM with only one
study reporting the overall MARD of 13.1% [35]. An
approach to overcome concerns about CGM accuracy
was suggestedby Faulds et al.wherea hybridCGM and
POC glucose monitoring protocol to guide insulin
adjustments was implemented. Nursing leadership
inserted CGMs inpatients requiring intravenous insu-
lin in the critical care setting. POC glucose were used
to adjust insulin rates as needed but also validate the
CGM sensor. Once initial validation was achieved,
CGM data alone was used for clinical decision making
and insulin titration with continuation of POC to
maintain validation. After ICU transfer, CGM was
used alone without POC [41]. Authors enrolled a total
of 19 medical ICU patients requiring intravenous
insulin managed by this protocol showing feasibility
of this hybrid approach. Overall MARD was
13.9%�7.8% on day 1 and 13.5%�8.1% on days 2
through 7 with a 71% reduction in POC use [38

&&

].
Sensor insertion was done by a trained nurse,

nurse practitioner or healthcare professional in most
of the studies [35–37,38

&&

,39,42,43]. For the studies
using Dexcom G6 system, glucose data was trans-
mitted to Dexcom receivers [36,42], Android phones
[38

&&

] or both iPad and iPhones [35] and were placed
close to the patient’s room. These receiving devices
were within 10–20 feet from the transmitter to
 Copyright © 2021 Wolters Kluwe

1752-296X Copyright � 2021 Wolters Kluwer Health, Inc. All rights rese
ensure Bluetooth transmission. This direct view of
glucose data from outside the patients’ rooms
allowed the healthcare team to monitor glucose
data without entering the patients’ rooms. Other
studies used remote glucose monitoring with the
GTS [37,39,44

&

] or Medtronic Guardian Connect
System using the web-based CareLink software
accessed through minimized browser windows [40].

Another study described the use of a CGM/POC
hybrid protocol that combined glucose telemetry
with Glucommander, a computer-based algorithm
that provides adjustments of intravenous insulin
delivery. This proof-of-concept study reported a
mean time below range (TBR) (<70 mg/dL) was
0.6�0.9%, TIR (70–180 mg/dL) of 71.4�13.9%,
time between 180–250 mg/dL of 19.8�97%, and
time above range (TAR) (>250 mg/dL) of
7.5�7.3%. During protocol use, 75.7% of sensor
glucose values >100 mg/dL were within 20% of the
reference POC, with a mean number of 8.24�3.06
POC per day (63% reduction). Sensor readings were
lower in states of hypoperfusion (i.e., pulseless elec-
trical activity, shock, and therapeutic hypothermia)
with signal loss occurring during cardiac arrest and
defibrillator use. Sensor accuracy was also impacted
by position changes including pronation or inadver-
tent sensor compression [44

&

].
As CGM is FDA approved and used predomi-

nantly in the outpatient setting, most nursing staff
had limited exposure and training on CGM tech-
nology. Chow et al. assessed nursing staff perception
and acceptance of real time-CGM revealing 63% of
participating nurses viewed real time-CGM as a
helpful tool improving clinical care for patients with
diabetes and COVID-19. Additionally, 49% of nurs-
ing staff reported real time-CGM reduced PPE use
[42]. Other studies noted reduction in POC ranging
between 50 and 63% [36,42,44

&

]. While implemen-
tation of a hybrid CGM and POC protocol by Faulds
et al. was well received by nursing staff, there was
unanimous consensus amongst them that the pro-
tocol was excessively lengthy [38

&&

]. Nursing staff
also commented components for CGM use (i.e.,
receiver, phone, cords) and training materials were
crowding their workstations.

Gomez et al. used Freestyle Libre CGM to exam-
ine the association of glycemic control metrics with
clinical outcomes in the ICU and non-ICU setting
[43]. No differences were seen in TIR, TAR, TBR,
coefficient of variation or glucose management
indicator in patients with or without admission to
ICU, ARDS or AKI, or with the composite metric of
these complications. In a subgroup analysis for
patients with hyperglycemia without known history
of diabetes, higher TAR>180 mg/dL was seen in
patients with AKI (18 vs. 1%, P¼0.01), and in those
r Health, Inc. All rights reserved.
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with the composite outcome (22.5% vs. 16%,
P¼0.04). Freestyle Libre CGM was also used to eval-
uate the association of glycemia with outcomes
related to COVID-19 infection. Patients with the
composite adverse outcomes (ICU admission, need
for mechanical ventilation, or morbidity with critical
illness) had significantly higher TBR (4.43�11.4% vs.
0.54�0.65%) [P<0.01] and higher mean glucose val-
ues (174�49.0 vs.144�21.2mg/dL, P<0.01) than
those without composite adverse outcomes [45].
CONCLUSION

The use of inpatient CGM confers numerous
benefits with minimal risks. With the COVID-19
pandemic, the importance of remote glucose moni-
toring is highlighted now more than ever. Real time-
CGM has been shown to be useful in the early
detection and prevention of hypoglycemia as well
as a tool to decrease hyperglycemia. Real time-CGM
provides glycemic trends that may be used to enable
more proactive and timelier decisions for diabetes
management to reduce clinically significant events
such as hypoglycemia or hyperglycemia. CGM devi-
ces also decreases the need for healthcare workers to
enter the patients’ rooms and reduces frequent POC
checks which can be uncomfortable and painful for
patients and increases nursing workload. Further-
more, CGM use has led to a reduction in PPE use and
significantly mitigates the risk of exposure for
healthcare staff.

Prior to the advent of POC testing, serum blood
glucose (SBG) samples were drawn and brought to the
central lab for analysis. Although SBG is more accurate,
this was a cumbersome and time-consuming process
that at times, can result in delays in patient care. In the
last few decades, glucometers became the standard of
care in the inpatient setting mainly due to their conve-
nience. Similarly, we believe that CGM devices will
eventually be utilized in the hospital as standard of
careas theyprovideamore robustandenricheddata set
of glycemic values than glucometers, helping clinicians
and nurses to safely manage patients with diabetes
without increasing workload. In conclusion, although
CGM devices are currently seen as novel systems, it is
only a matter of time when CGM systems will be
approved for use in the inpatient setting.
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