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he recent coronavirus disease 2019 (COVID-19) pandemic has induced many challenges in the clinical environment worldwide. In a

bid to reduce the exposure of healthcare providers to severe acute respiratory syndrome coronavirus 2 and the utilization of personal

protective equipment (PPE), while maintaining optimal patient care, in April 2020, the US Food and Drug Administration issued a new
policy, allowing the use of continuous glucose monitoring (CGM) systems in the intensive care unit (ICU) setting. This article aimed to explore
the role of real-time continuous glucose monitoring systems in patients in the ICU with COVID-19. The hybrid protocols integrating real-time
CGM and point of care seem to be a feasible and safe alternative for the glycaemic management of critically ill patients with COVID-19,
including the reduction of healthcare providers’ exposure and the preservation of PPE, whilst achieving and maintaining optimal glycaemic
control.

Coronavirus disease 2019 (COVID-19) is a life-threatening infection caused by severe acute

Accuracy, clinical benefits, continuous glucose respiratory syndrome coronavirus 2 (SARS-Cov-2)." Diabetes mellitus is one of the most frequent
monitoring systems, COVID-19, critically il comorbidities, related to hospitalization due to SARS-CoV-2 infection, as well as a risk factor for
Sia‘zms' glycaemic management, intensive care  isaase severity, poor disease outcome, increased morbidity and mortality rate.2-¢
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Table 1: Characteristics of studies included in the systematic review

23-28

Author, year Study population Type of CGM  Reference sample Objective Results
Chow et al., 30 ICU patients with Dexcom G6 Arterial POC (Nova Evaluation of the accuracy and A 14% reduction in the average glucose
20217 COVID-19 (Dexcom, San | Statstrip®; Nova clinical benefits of rtCGM systems | sensor value during management
Diego, CA, Biomedical, Waltham, in the glycaemic management of with rtCGM, accompanied by a 50%
USA) MA, USA) patients with diabetes and severe | reduction in POC measurements in 50%
COVID-19 infection of patients. Additionally, 64% of nurses
reported improved care for patients with
diabetes, and 49% reported a reduction
in the use of invasive procedures
Davis et al., 9 ICU patients with Dexcom G6 Arterial or capillary POC | Evaluation of a hybrid 75.7% of the sensor values fell within
2021% COVID-19 (Nova Statstrip) rtCGM-POC protocol integrated 20% of the reference POC values, with
with an automated a 63% reduction in POC measurements.
decision-making algorithm for ClI The average TIR was calculated at 71.4%.
Mechanical factors affected sensor
accuracy in four patients
Sadhu et al., 11 ICU patients with Medtronic Arterial, venous or Evaluation of the applicability and | Both rtCGM systems were easily
20207 COVID-19 Guardian™ capillary POC (Roche accuracy of an rtCGM system with | implemented, showing acceptable
Connect Accu-Chek® Inform intermittent POC checks in the accuracy (Medtronic: MARD=13.1% with
(Medtronic, Il; Roche, Basel, glycaemic management of critically = 100% of values in zones A and B of the
Northridge, Switzerland) ill patients CEG; Dexcom G6: MARD=11.1% with
CA, USA) (n=6) 98% in the corresponding zones), along
and Dexcom with good nursing acceptance
G6 (n=5)
Agarwal etal., | 11ICU patients with Dexcom Gé6 POC Evaluation of the accuracy and MARD was calculated at 12.58%, median
2021% COVID-19 performance of tCGM systems ARD at 6.3%, while the use of the rtCGM
system resulted in approximately a 60%
reduction in POC glucose measurements
in patients receiving Cll
Faulds et al., 19 ICU patients with Dexcom G6 Arterial or capillary POC | Evaluation of the safety and A 71% reduction in the number of POC
2021% COVID-19 (Nova Statstrip) feasibility of a hybrid model measurements was observed. TIR (for
combining rtCGM and POC glucose | glucose values between 70 and
measurements 180 mg/dL) on the first day of use was
63%, while from the second day to
the seventh day, it increased to 72%.
Simultaneously, there was a reduction in
TBR (<70 mg/dL) from 1.5% on the first
day to 0.16% on the corresponding days
Longo et al., 10 ICU patients with Dexcom Gé6 POC (Roche Accu-Chek | Evaluation of the accuracy, safety | MARD in critically ill patients was
2022% COVID-19 and 18 Inform 1l) and whole and feasibility of rtCGM systems calculated at 12.1% when the sensor
general ward patients” blood analysis from the glucose value was compared with both
laboratory (Beckman DxC POC and laboratory values, 10.4% when
800; Beckman Coulter, compared only with the laboratory, and
Brea, CA, USA) 12.7% when compared only with the
POC

“In the analysis of the review, data were used only from patients in the ICU.

CGM = continuous glucose monitoring; Cll = continuous insulin infusion, COVID-19 = coronavirus disease 2019; ICU = intensive care unit: MARD = mean absolute relative difference,
POC = point of care; rtCGM = real-time continuous glucose monitoring, TBR = time below range, TIR = time in range.

Large randomized clinical trials and observational studies have
already demonstrated the glycaemic benefits of CGM systems in
both outpatient and hospitalized patients (Table 1).22 The use of a
real-time CGM (rtCGM) system may provide real-time monitoring of
the interstitial fluid glucose levels, transmitting the measurements
approximately every 5 minutes. Furthermore, CGM systems provide
alarms for out-of-range glucose values, enabling the timely detection
of possible unrecognized hyper- or hypoglycaemic episodes, thereby
reducing the need for frequent POC testing.®

In this narrative review article, we describe the clinical benefits and
the accuracy of real-time continuous glucose monitoring systems
in the glycaemic management of critically ill patients with COVID-19
infection, hospitalized in ICU settings.

Accuracy

Four studies evaluated the mean absolute relative difference (MARD)
of Dexcom G6, while only one study assessed the MARD of Medtronic
Guardian Connect.??” MARD analysis is commonly employed to
assess the accuracy of CGM systems, although it is occasionally

applied to blood glucose monitoring (BGM) systems, especially
when comparing the two types of systems. MARD is determined
by calculating the average of the absolute relative differences
between the measurement results from the CGM/BGM system and
the corresponding reference method.* The overall mean MARD of
both rtCGM systems was reported to be 12.47%, with Dexcom Gé
performing slightly better than Medtronic Guardian Connect (Mean
MARD-Dexcom Gé6: 12.32%; MARD-Medtronic Guardian Connect:
13.1%). The MARD value was even lower for both systems for POC
glucose values greater than 180 mg/dL, compared with the overall
MARD for all glucose ranges.?? However, available data were
limited for precisely assessing the MARD for POC measurements
<70 mg/dL.2%% Moreover, it seemed that the first day of the use
of the sensor tended to provide less accurate measurements, a fact
that was also observed by Faulds et al., where the overall MARD
decreased from 13.9 + 7.8% on the first day to 13.5 £ 8.1% on
the second to seventh day of sensor use.?*?” Additionally, Faulds
et al. evaluated the overall mean absolute difference, which was
reported as 25 + 16.1 and 23.2 + 15.5% for the same time periods,
respectively.?

touchREVIEWS in Endocrinology



The Role of Remote Glucose Management Using Real-time Continuous Glucose Monitoring Systems

In another study, MARD of Dexcom Gé was reported to be 12.58%, while
the median MARD was 6.3%.% Furthermore, Sadhu et al., in a study
investigating both Dexcom Gé and Medtronic Guardian Connect, found
that Dexcom Gé6 demonstrated better performance in terms of accuracy
(MARD 11.1%, concordance correlation coefficient 0.89 and Pearson
correlation coefficient 0.9) compared with Medtronic Guardian Connect
(MARD 13.1%, concordance correlation coefficient 0.79 and Pearson
correlation coefficient 0.84).2*

The error grid (EG) analysis, a method used to evaluate the clinical
accuracy of rtCGM systems, was assessed in three studies.?#2>%
Unlike the paired-value difference approach outlined earlier, EG
analysis focuses on evaluating the clinical risk associated with the
distribution of results between the investigated system and the
reference method. This evaluation involves categorizing pairs of
glucose measurement results into risk scores (e.g. surveillance error
grid [SEG]) or risk zones (e.g. consensus and continuous glucose
GDs).** Clark EG analysis for both rtCGM systems showed that 98%
of the paired rtCGM-POC readings were within acceptable zones A
and B, while for Medtronic Guardian Connect, 100% of the readings
were within zones A and B.2*?> In contrast, the analysis of Dexcom Gé
resulted in 0.2% of pairs in zone C (readings may have the potential
to result in inappropriate treatment due to the clinical impact of
hyperglycaemia or hypoglycaemia), 1.2% within zone D (undetected
hyperglycaemia or hypoglycaemia that requires treatment) and 0.4%
within zone E (hypoglycaemia mistaken for hyperglycaemia and vice
versa), while in the study of Sadhu et al. only 2% of values were within
zone D.?*?° An SEG analysis of Dexcom Gé6 showed that 82.9% of
rtCGM-POC matched pairs were in zone 0 (no risk), 14.1% in zone 1
(slight, lower risk), 2.7% in zone 2 (slight, higher risk) and 0.4% in zone
3 (moderate, lower risk).?’

Only one study reported the systematic bias, which illustrates the
agreement between rtCGM-POC pairs, while Sadhu et al. used the
Bland-Altman plot for their analysis.?*¥ The systematic bias was
3.5% for rtCGM-POC pairs, 0.4% for rtCGM-Lab pairs and 2.7% for
rtCGM-POC-Lab pairs. The 95% limits of agreement were -30.2
to +37.2% for rtCGM-POC, -25.2 t0 +26% for rtCGM-Lab and -29.3
to +34.7% for rtCGM-POC-Lab pairs.? In the Bland-Altman analysis,
Dexcom Gé showed a mean bias of -1.94 mg/dL (p<0.001) with 95%
limits of agreement between -48.74 and +44.86 mg/dL. Medtronic
Guardian Connect had a mean bias of -17.76 mg/dL with 95% limits of
agreement between -72.91 and +37.4 mg/dL.2* In the study by Longo
et al., tCGM demonstrated better accuracy measures, such as MARD,
SEG analysis, mean bias and 95% agreement, when compared with
Lab values (p=0.0169) rather than POC values.?” The overall MARD for
critically ill patients was 12.7% with POC reference pairs and 10.4%
with glucose reference pairs.” Two studies assessed the concordance
between rtCGM and POC measurements.?*? Davis et al. found that
for sensor glucose values above 100 mg/dL, rtCGM measurements
were within 20% of the corresponding POC reference values in about
75.7% of cases. They also noted that rtCGM glucose values were
lower than POC measurements during hypoperfusion states, such as
shock, pulseless electrical activity, therapeutic hypothermia protocols
and conditions causing sensor compression, including pronation
and bathing.? Similar findings were observed during compression
from blood pressure cuffs.?* Chow et al. reported high concordance
between rtCGM and arterial POC values in 93% of critically ill patients,
even with significant glycaemic variability and elevated glucose
levels.?® None of the studies reviewed reported that mechanical
ventilation, steroid therapy, vasopressors, muscle relaxants, albuterol,
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ascorbic acid, high doses of acetaminophen, hydroxyurea or renal
replacement therapy contributed to inaccuracies in CGM readings.

Reduction of point-of-care measurements

Four studies assessed the reduction in POC measurements due to the use
of rtCGM.%% On average, there was a 56.77% reduction in POC glucose
testing, compared with each institution’s guideline frequency, while three
studies demonstrated a reduction greater than 60%.2%% Specifically,
Sadhu et al. showed that using rtCGM systems led to a significant
reduction in the frequency of POC testing. On the second day of using the
rtCGM system for clinical management, the mean POC testing frequency
decreased by 33.11% compared with day O, when rtCGM values were not
used. In this study, although there were POC testing frequency guidelines,
there was inconsistency in nursing compliance with excessive POC
testing.?* In another study, it was reported a reduction in POC testing
in 50% of the participants, with a simultaneous increase in mean daily
POC testing from 5.5 (prior to rtCGM use) to 6.9 + 3.8 (during the use
of rtCGM). This increase was attributed to the prolonged visit to the
patient room for non-diabetes care, unfamiliarity and distrust of nurses in
innovative monitoring technologies and the endless effort to understand
COVID-19.% In a study by Faulds et al., a 71% reduction in POC glucose
testing was observed, with the biggest reduction occurring from the
first day (mean POC testing=12) to the second day of rtCGM use (mean
POC testing=7) and smaller reductions occurring daily until the fifth day
(mean POC testing=4.9).%° Furthermore, in another study by Agarwal et
al., the necessary POC testing was reduced by 60% during Dexcom G6
use, while similar findings of a 63% reduction in POC glucose testing were
reported by Davis et al. when compared with the institution’s POC testing
guidelines. 23252834

Two studies evaluated the changes in mean glucose values during
rtCGM for glucose management in hospitalized patients.*?% Chow et al.
assessed the differences in mean glucose levels measured by CGM both
during (mean glucose 202.7 + 42.1 mg/dL) and prior to the introduction
of rtCGM (mean glucose 235.7 + 42.1 mg/dL). Their results demonstrated
a 14% reduction in mean glucose levels (p=0.0003) following the
implementation of rtCGM, emphasizing the potential of this technology to
improve glucose control in a hospital setting.?® In another study, Faulds et
al. found that the average sensor glucose levels progressively decreased
over time, with a 2.95% reduction observed when comparing glucose
levels between the first day of monitoring and days 2-7.2 Specifically, the
mean sensor glucose on the first day was 170 mg/dL, which decreased
to 165 mg/dL between days 2 and 7.

Feasibility

The feasibility of rtCGM systems was evaluated in clinical trials by
examining factors such as sensor placement ease, the reliability of
remote data display, app usability and external influences on data
collection.

Sadhu et al. found that both Dexcom Gé and Medtronic Guardian
Connect required a lengthy initiation process, including account creation
on a cloud-based platform. However, sensor insertion was quick (under
5 minutes), and the display setup took 10 minutes. The Medtronic
system required additional procedures and daily calibrations, while the
Dexcom Gé app allowed easier input of POC glucose values.?* Faulds et
al. reported six cases of early sensor removal or reinsertion, including
accidental sensor removal (n=1), placement error (n=1), concerns about
sensor accuracy (n=1) and patient discharge or death (n=3).% Some
complications included minimal bleeding at the insertion site.2* Davis et al.
reported that one patient experienced bleeding at the sensor placement
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site, which subsequently led to sensor failure, and defibrillation during
cardiac arrest caused data transmission gaps.?®

Reliability
The reliability of rtCGMs was evaluated by examining interruptions or
gaps in the transmission of glucose data to the display device, or early
sensor failure leading to sensor replacement. In a study by Sadhu et al., no
data gaps or early sensor failure were reported in patients using Dexcom
G6, while there was one loss of connection between the Dexcom G6
sensor and the display device and also two instances requiring sensor
replacement.?* Furthermore, data gaps were documented during a
computed tomography (CT) scan, and a sensor had to be removed for
a magnetic resonance imaging (MRI) scan. In another study, after the
initial placement and warm-up period, one Dexcom Gé sensor falsely
displayed low measurements ranging from 40 to 55 mg/dL for 3.5 hours,
resulting in early sensor replacement despite multiple calibrations.

Time in, above and below range

Three studies assessed the percentage changes in time in range (TIR),
time above range (TAR) and time below range (TBR), while TBR for
glucose values less than 55 mg/dL was reported in one study,23252628
On average, patients had a 63.1% TIR. Additionally, two other
studies concluded that the TIR was at least 71.4%.%%° The mean TIR
(70-180 mg/dL) of Dexcom Gé6 was assessed in a study by Davis et
al. It was reported that the TIR (70-180 mg/dL) was 71.4 + 13.9%, the
TAR for glucose values 180-250 mg/dL was 19.8 + 9.7%, the TAR for
glucose values >250 mg/dL was 7.5 + 7.3% and the TBR (<70 mg/dL)
was 0.6 + 0.9%.% In another study by Faulds et al., the TIR increased from
64 + 23% on the first day of rtCGM use to 72 + 16% on the second to
seventh days. Concurrently, the TAR (>180 mg/dL) decreased from
34 + 24% to 28 + 15%, and the TBR (<70 mg/dL) decreased from
1.5+4.1%t0 0.16 + 0.35%. In the same study, none of the sensor glucose
values below 70 mg/dL had a corresponding POC value below 70 mg/dL,
and there was only one POC measurement within the hypoglycaemic
range (<54 mg/dL).?® Agarwal et al. found a lower TIR (46.1 = 15.8%),
higher TAR (53.3 £ 15.8%) and similar TBR (0.6 + 0.8%) compared with
other studies.?® In the three studies that reported percentages, the TBR
was consistently <0.6%. In the study by Chow et al., only three patients
spent 1.7-2.6% of their time below 55 mg/dL, while the other participants
spent less than 1% of their time within the hypoglycaemic range for
glucose values <55 mg/dL.®

Nursing acceptance

In the study by Chow et al., 63% of the nurses involved in rtCGM use
reported a significant improvement in the care of patients with COVID-19
and diabetes during the utilization of the devices, while 49% reduced
their use of PPE.? In another study, although a formal questionnaire was
not used, nurses did not find rtCGM device insertion and maintenance to
be a burden. Both rtCGM devices (Dexcom Gé6 and Medtronic Guardian
Connect) were well accepted, and the ability to monitor hypo- and
hyperglycaemic events was considered even better than frequent POC
blood glucose testing2* Additionally, integrating rtCGM systems into the
ICU environment created a sense of safety when titrating insulin doses.
A sense of safety was also observed in Faulds et al's study, where
non-adjunctive insulin titrations, based on rtCGM values, increased from
41% of total insulin titrations on day 1 to 63% from the second to the fifth
day of use.® In many cases, there was an increased demand for more
patients to use the devices. In the same study, nursing staff remained
sceptical about the absolute differences between rtCGM and POC values
and continued to perform POC testing according to the institution’s usual
insulin infusion protocol.2426:%

Discussion

Although there are no established guidelines for an acceptable MARD
value in critically ill patients, studies suggest that a CGM MARD value
<14% is generally acceptable, while a MARD >18% indicates poor
accuracy.®* The mean MARD reported in this systematic review
(12.47%) aligns with the MARD values observed in studies that used
Dexcom Gé6 and Medtronic Guardian Connect in non-critically ill patients
(9.0-12.8%).3%37-41 While accuracy has not yet reached the FDA approval
standards required for the non-adjunctive use of these devices in the
ICU setting, the results remain promising, particularly considering the
severity of illness in the patient population and the low systematic bias.

Critical illness, including factors such as mechanical ventilation,
vasopressors, renal replacement therapy, hypoxia, acidosis, fever,
corticosteroids and enteral and parenteral nutrition, can induce
high glycaemic variability. Despite studies including patients with
high Sequential Organ Failure Assessment scores, refractory
hyperglycaemia and increased insulin requirements, hybrid protocols
using rtCGM resulted in acceptable glycaemic control with a low
incidence of hypoglycaemia, as evidenced by the time in, above and
below range data.

While CGM technology has evolved over the years and overcome several
limitations, it has not yet reached the point where it can completely replace
POC glucose testing. rtCGM devices are still not fully capable of detecting
hypo- or hyperglycaemia in certain situations (zone D), which may lead
to mistreatment (zone E). Clinical factors such as hypoperfusion, sensor
compression, hypothermia protocols, acetaminophen, hydroxyurea and
imaging tests (e.g. MRI) can induce discrepancies between POC and
rtCGM measurements. As a result, most studies have shown a reduction
of up to 50% in POC-testing frequency. This reduction not only alleviates
healthcare providers’ exposure to SARS-CoV-2 but also reduces their
workload.

Moreover, some of the studies included patients with medical conditions
previously excluded from traditional protocols, such as those requiring
mechanical ventilation, steroid therapy, vasopressors, muscle relaxants,
albuterol, ascorbic acid, high doses of acetaminophen and hydroxyurea,
renal replacement therapy, DKA and hyperosmolar hyperglycaemic
coma. These conditions are important to be considered as they can
affect glucose measurements and clinical outcomes.

Recent studies have highlighted the significant role of real-time
continuous glucose monitoring in managing inpatient hyperglycaemia,
particularly in critically ill patients. This technology has the potential to
minimize the risks associated with traditional BGM, such as delayed
results and inconsistent accuracy, while also improving patient outcomes
by offering continuous data on glucose trends. As hospitals look to
enhance glycaemic control in high-risk patients, the implementation of
rtCGM is a promising advancement in inpatient care.*243

Conclusions

A hybrid protocol that combines rtCGM with intermittent POC
measurements appears to be a feasible and safe alternative for critically
ill patients. This approach helps reduce healthcare providers’ exposure
to SARS-CoV-2, preserves PPE, maintains optimal glycaemic control and
enables real-time glucose monitoring. Additionally, it seems to reduce
patient discomfort, blood loss and sleep interruptions. Continuous
glucose monitoring can assist in identifying dangerous glycaemic changes
and improve our understanding of the impact of COVID-19 on glycaemic
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variability. However, further studies, particularly randomized controlled
trials, are needed to assess the safety, accuracy and cost-effectiveness

of tCGM in larger ICU populations. Additionally, modifications to rtCGM
technology will be necessary for broader clinical use. Q
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