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Objective: Continuous glucose monitoring (CGM) has demonstrated benefits in managing inpatient
diabetes. We initiated this single-arm pilot feasibility study during the COVID-19 pandemic in 11 patients
with diabetes to determine the feasibility and accuracy of real-time CGM in patients who underwent
cardiac surgery and whose care was being transitioned from the intensive care unit.
Methods: A Clarke error grid analysis was used to compare CGM and point-of-care measurements. The
mean absolute relative difference (MARD) of the paired measurements was calculated to assess the
accuracy of CGM for glucose measurements during the first 24 hours on CGM, the remaining time on
CGM, and for different chronic kidney disease (CKD) strata.
Results: Overall MARD between point-of-care and CGM measurements was 14.80%. MARD for patients
without CKD IV and V with an estimated glomerular filtration rate (eGFR) of �20 mL/min/1.73 m2 was
12.13%. Overall, 97% of the CGM values were within the no-risk zone of the Clarke error grid analysis. For
the first 24 hours, a sensitivity analysis of the overall MARD for all patients and those with an eGFR of
�20 mL/min/1.73 m2 was 15.42% ± 14.44% and 12.80% ± 7.85%, respectively. Beyond the first 24 hours,
overall MARD for all patients and those with an eGFR of �20 mL/min/1.73 m2 was 14.54% ± 13.21% and
11.86% ± 7.64%, respectively.
Conclusion: CGM has shown great promise in optimizing inpatient diabetes management in the
noncritical care setting and after the transition of care from the intensive care unit with high clinical
reliability and accuracy. More studies are needed to further assess CGM in patients with advanced CKD.

© 2022 AACE. Published by Elsevier Inc. All rights reserved.
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Introduction

The use of continuous glucose monitoring (CGM) in hospitalized
patients has demonstrated benefits over the traditional point-of-
care (POC) capillary blood glucose testing in the prevention of
both severe hypoglycemia and hyperglycemia and in reducing the
burden of care associated with POC blood glucose monitoring on
the nursing staff.1e4 The U.S. Food and Drug Administration’s de-
cision to allow the use of CGM in hospitalized patients to support
health care efforts during the COVID-19 pandemic has helped
initiate several studies investigating the use of CGM in the inpatient
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setting.5 These studies have demonstrated the feasibility, safety,
reliability, and accuracy of CGM in the hospital setting.6e9 Davis
et al10 recently reported on the accuracy of CGM use in the largest
clinical study to date on a diverse population of noncritically ill
patients with diabetes.

A limited number of studies have assessed the use of CGM in
noneintensive care unit (ICU) patients,1,6e12 and none of the
studies have focused solely on hospitalized non-ICU patients who
have undergone cardiac surgery, have diabetes, and are transferred
to the surgery ward from the ICU after undergoing cardiovascular
surgery (primarily coronary artery bypass grafting [CABG]). It is
well established that patients with diabetes are at a higher risk of
coronary artery disease than the general population and that
approximately two thirds of these patients have multivessel dis-
ease.13 For most patients with diabetes and multivessel disease,
CABG has been demonstrated to be the optimal revascularization
strategy.14 Approximately 30% to 40% of the patients undergoing
CABG have diabetes, and 60% to 90% of these patients have been
reported to develop hyperglycemia in the perioperative peri-
od.15e19 Perioperative hyperglycemia in patients with and without
diabetes has been associated with complications such as an
increased rate of wound infections, acute kidney injury, prolonged
hospitalization, and an increase in perioperative mortality
compared with those without hyperglycemia. Randomized
controlled trials have demonstrated that glycemic control in pa-
tients undergoing cardiac surgery is associated with an improve-
ment in clinical outcomes and mortality in the ICU settings,20e22

although little published data exist on the outcomes after these
patients transition to the noncritical care settings. A key study by
Krinsley et al23 addressed this important clinical issue and vali-
dated the importance of glycemic control across the entire trajec-
tory of the hospitalization to achieve optimal clinical outcomes.

Accordingly, given that CGM has demonstrated success in pre-
venting both hyperglycemia and hypoglycemia, we initiated this
prospective pilot feasibility study during the COVID-19 pandemic to
determine the feasibility of real-time CGM use within our hospital
and assess the accuracy of CGM in high-risk hospitalized noncriti-
cally ill patients with diabetes and cardiovascular disease after
cardiac surgery.1 To our knowledge, this is the first published report
of the use of CGM in a sole population of hospitalized non-ICU
patients who have undergone cardiac surgery, have diabetes, and
are transferred to the surgery ward from the ICU after undergoing
primarily CABG.

Methods

Eligible patients included adults (aged 18-80 years) with dia-
betes receiving treatment with subcutaneous insulin who were
hospitalized for cardiac surgery, primarily CABG, with a planned
hospital stay of at least 3 days. We excluded patients who required
transfer from the ward for a procedure or were required to be
transferred back to the ICU. Patients who required >4 g of acet-
aminophen in 24 hours were also excluded. The study was
approved by our local institutional review board at St. Elizabeth's
Medical Center.

In this prospective pilot study, we recruited 11 consecutive pa-
tients from our endocrine consultation service who had undergone
cardiac surgery, been discharged from the ICU, were transferred to
the cardiac transition unit, and were receiving treatment with
subcutaneous insulin. The primary study outcomes were to assess
the feasibility and accuracy of CGM. A secondary outcome was the
percent time in range (TIR), defined as the proportion of glucose
levels between 70 mg/dL and 180 mg/dL. After patients were
transferred to the cardiac transition unit, a G6 CGM sensor and
transmitter (Dexcom, Inc) were placed on the upper portion of the
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outer part of their arms. A smartphone in the patients’ rooms
functioned as a receiver and relayed the glucose concentration
estimates and trending information to a tablet at the nurses’ sta-
tion, thereby creating a glucose telemetry system as described by
Spanakis et al.1 The data were also stored in a cloud-based platform
to allow remote monitoring via smartphones for study in-
vestigators, including nurses, residents, and attending physicians.
Patients were also on a standard POC protocol with fingerstick
blood glucose levels obtained before meals and at 10 PM. Insulin
doses were adjusted daily per the modified RABBIT 2 protocol.24

CGM readings from a maximum of 76 hours of monitoring were
used for analysis.

Statistical Analyses

Summary statistics of patients’ baseline characteristics and CGM
outcomes over a maximum of 76 hours were described using mean,
standard deviation, frequency, and percentage. A Clarke error grid
(CEG) analysis25,26 was used to compare the matched CGM and POC
measurements. The mean absolute relative difference (MARD) and
median absolute relative difference (ARD) of the paired measure-
ments were calculated to assess the accuracy of CGM, with mean,
median, standard deviation, and the minimum and maximum
values reported for bothmetrics.27,28 TheMARDwas also calculated
for glucosemeasurements during the first 24 hours on CGM and the
remaining time on CGM. The MARD values for different CKD strata
(CKD stages IV and V [with an estimated glomerular filtration rate
{eGFR} of <20 mL/min/1.73 m2] vs without CKD stages IV and V
[with an eGFR of �20 mL/min/1.73 m2]) were also calculated. All
analyses were conducted using R software (R version 4.0.3). The
error grid analysis (EGA) package (version 2.0.0) was used for the
CEG analysis (https://cran.rproject.org/web/packages/ega/
vignettes/ega.html).

Results

Eleven adult patients with type 2 diabetes (8 receiving insulin as
outpatients and all receiving subcutaneous insulin during their
hospitalization at enrollment) were enrolled. Their baseline char-
acteristics are listed in Table 1. Their mean age (±SD) was 72.5
(±4.3) years, with a mean body mass index of 30.6 ± 5.2 kg/m2.
Three patients were women and 3 were minorities. The median
HbA1c level was 7.8% (62 mmol/mol) (interquartile range, 7.4%,
10.3% [57 mmol/mol, 89 mmol/mol]). All patients required basal-
bolus insulin therapy before and after surgery. Nine patients
(81%) had chronic kidney disease (CKD): stage II (n ¼ 1), stage III
(n ¼ 5), stage IV (n ¼ 2), and stage V (n ¼ 1). Outcomes over 3 days
of hospitalization are summarized in Table 2. The mean CGM
glucose level was 179 mg/dL and the TIR (percentage TIR of 70-180
mg/dL) was 59.8%. The maximum duration of CGM per patient was
76 hours.

The CEG analysis and MARD are illustrated in Figure 1. A total of
137 paired POC-CGM measurements were used for analysis. The
MARD statistics between CGM and POC blood glucose levels as well
as CKD strata are listed in Table 3. The overall MARD and median
ARD between POC and CGM measurements was 14.80% ± 13.53%
and 13.20% [interquartile range: 5.22%, 18.52%] respectively. The
MARD for the patients with an eGFR of �20 mL/min/1.73 m2 was
12.13% ± 7.67% and for those with an eGFR of <20 mL/min/1.73 m2

was 21.27% ± 20.81%. A further sensitivity analysis of the overall
MARD for all patients for the first 24 hours and those with an eGFR
of �20 mL/min/1.73 m2 was 15.42% ± 14.44% and 12.80% ± 7.85%,
respectively (Tables 4 and 5). Overall MARD for all patients beyond
the first 24 hours andMARD for thosewith an eGFR of�20mL/min/
1.73 m2 was 14.54% ± 13.21% and 11.86% ± 7.64%, respectively.

https://cran.rproject.org/web/packages/ega/vignettes/ega.html
https://cran.rproject.org/web/packages/ega/vignettes/ega.html


Table 1
Summary Statistics of Demographic Characteristics and Risk Factors

Overall (n ¼ 11)

Demographic characteristics …

Age, y, mean (SD) 72.5 (4.3)
Male 8 (72.7)
Minority race/ethnicity …

African American 1 (9.1)
Asian 1 (9.1)
Hispanic 1 (9.1)

Weight, kg, mean (SD) 84.8 (17.9)
BMI, kg/m2, mean (SD) 30.6 (5.2)
HbA1c, median (IQR) 7.8% (62 mmol/mol)

(7.4%, 10.3% [57 mmol/mol,
89 mmol/mol])

DM complications …

Retinopathy (%) 0 (0.0)
Nephropathy eGFR (%) 9 (81.8)
CKD stage (%) …

II 1 (9.1)
IIIA 2 (18.2)
IIIB 3 (27.3)
IV 2 (18.2)
V 1 (9.1)

Neuropathy (%) 3 (27.3)
CAD (%) 11 (100.0)
CVA (%) 0 (0.0)
PVD (%) 2 (18.2)

Risk factors for hypoglycemia …

Age of >67 y (%) 9 (81.8)
BMI of <27 kg/m2 (%) 4 (36.4)
Renal failure: eGFR of <60 mL/min/1.73 m2 7 (63.6)
Malnutrition (%) 0 (0.0)
History of recent hypoglycemia (6-8 wk) (%) 0 (0.0)
Long DM duration >20 y (%) 7 (63.6)
CHF (%) 7 (63.6)

After cardiac surgery (%) …

CABGX2 2 (18.2)
CABGX3 1 (9.1)
CABGX4 7 (63.6)
MVR/TVR 1 (9.1)

Abbreviations: BMI¼ bodymass index; CABG¼ coronary artery bypass graft; CAD¼
coronary artery disease; CHF ¼ congestive heart failure; CKD ¼ chronic kidney
disease; CVA¼ cerebrovascular accident; DM¼ diabetes mellitus; eGFR¼ estimated
glomerular filtration rate; HbA1c¼ glycated hemoglobin; IQR¼ interquartile range;
MVR ¼ mitral valve replacement; PVD ¼ peripheral vascular disease; TVR ¼
tricuspid valve replacement.

Table 2
Summary Statistics of Outcomes Over 3 Days

Outcomes Overall (n ¼ 10a)

% Time in range 70-180 mg/dL, mean (SD) 59.8 (22.7)
% Time hypoglycemia of <70 mg/dL, mean (SD) 1.4 (2.0)
% Time hypoglycemia of <54 mg/dL, mean (SD) 0.3 (0.9)
% Time hyperglycemia of >180 mg/dL, mean (SD) 38.8 (22.1)
Number of patients with any hypoglycemic

excursion glucose level of <70 mg/dL for
>20 min (%)b

1 (10.0)

The 3-day rate of hypoglycemic excursion glucose
level of <70 mg/dL for >20 min (number of events
per person-time)

1/30 person-days

Total daily insulin dose on the final day, units/kg/d,
mean (SD)

0.6 (0.4)

Mean basal, units (SD) 26.0 (16.8)
Mean bolus, units (SD) 21.2 (16.0)

a One patient remained in hospital for <3 days.
b There was only 1 patient with 1 incidence of hypoglycemic excursion (glucose

level of <70 mg/dL) among 10 patients within the 3-day window.
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The CEG analysis (Fig. 1) of all matched pair data demonstrated
good clinical reliability, as we observed that 76.6% of the values
were within zone A, in which the POC-CGM values were within
20%; 21.2% were within zone B, in which the POC-CGM values
differed by >20% but with no effect on the clinical outcome; and
2.2% were within upper zone D, in which there was undetected
hypoglycemia. One study patient had a hypoglycemic excursion
glucose level of <70mg/dL, which was captured on CGM but not on
the POC blood glucose level. In this instance, the physician noted
the CGM alarm and alerted the assigned nurse.

Discussion

In this small, heterogeneous population of elderly patients with
type 2 diabetes and cardiovascular disease, with complications, the
Dexcom G6 CGM demonstrated good overall accuracy in patients
with eGFR of �20 mL/min/1.73 m2 with a MARD of 12.13% ± 7.67%
and with 97% of the CGM values within zones A and B of the CEG
analysis compared with the standard POC blood glucose levels. We
attribute our higher overall MARD of 14.80% (compared with other
reported values [range, 9.4%-12.7%])6,7,25 and median ARD of 13.2%
to our small, heterogeneous population and particularly the in-
clusion of patients with an eGFR of <20 mL/min/1.73 m2. Two
617
patients, 1 with advanced stage IV (eGFR of <20 mL/min/1.73 m2)
and 1 with stage V CKD (eGFR of <15 mL/min/1.73 m2; receiving
dialysis) had the most discordance between their POC and CGM
blood glucose levels, with each having 7 values differing by >20%
and, therefore, having a higher MARD, whereas 1 patient with CKD
IV and an eGFR of >20 mL/min/1.73 m2 had a MARD of <5%. There
are little published data on the MARD in patients with CKD,
although a recent study by Davis et al10 that included 900 to 1100
matched pairs across different CKD strata showed comparable ac-
curacy metrics. Because this study did not further substratify the
MARD for patients with an eGFR of <30 mL/min/1.73 m2, the
number of patients with an eGFR of <20 mL/min/1.73 m2 and those
with end-stage renal disease (ESRD) receiving hemodialysis who
were included is unclear.10 A recent small study in patients with
type 2 diabetes on dialysis found the MARD between CGM and POC
capillary blood glucose levels to be significantly higher for hypo-
glycemia (31.9 ± 25 mg/dL) and euglycemia (22.8 ± 14.6 mg/dL)
than hyperglycemia (13 ± 8.5 mg/dL) (P < .001 for both).29 Other
studies have also demonstrated a higher MARD in patients with
type 2 diabetes receiving dialysis.30,31 In addition, some studies
assessing CGM accuracy intentionally excluded patients with
severely impaired renal function, presumably owing to lower ac-
curacy.32 The patients with advanced CKD IV and V in our study
were more prone to hypoglycemia (glucose levels of <70 mg/dL)
and significant anemia (mean hemoglobin levels of 8.2 g/dL)d2
circumstances associated with a higher MARD.2,3,9,10 Inclusion of
CGM levels from the first 24 hours after CGM placement also
contributed to the higher overall MARD because CGM is known to
be less accurate during this period.7,10 The higher MARD in our
study was impacted by our limited sample size of 137 matched
pairs to assess CGM accuracy. In addition, although the Dexcom G6
CGM is a factory-calibrated device, it can be calibrated if the CGM
and POC blood glucose levels differ by >20%. Future studies that
explore clinical scenarios and protocols in which it is beneficial to
manually calibrate CGM devices would be helpful.

Hypoglycemia in hospitalized patients is associated with an
increased risk of morbidity and mortality as well as an increase in
the length of stay in the hospital.33 The superior detection of hy-
poglycemia in hospitalized patients using CGM compared with POC
capillary blood glucose levels particularly prolonged nocturnal
hypoglycemia, as demonstrated by Galindo et al3 and as we found
in one of our patients, highlight the use of CGM as a very helpful
comprehensive tool to elucidate glycemic patterns (as shown in
Fig. 2 A ambulatory glucose profile [AGP] report) and thereby
optimize and safely provide inpatient diabetes care.2e4



Fig. 1. Clarke grid analysis is used to compare the glucose measurement obtained from POC and CGM. A table is also provided with percentage of values of CGM that occur within
different zones. Zone A: no effect on clinical action (CGM within 20% of POC). Zone B: altered clinical action with little to no effect on clinical outcome (>20% difference, no incorrect
treatment). Zone C: altered clinical action, likely to affect clinical outcome (hyperglycemia or hypoglycemia leading to inappropriate treatment). Zone D: altered clinical action, could
have significant medical risk (undetected hypoglycemia or hyperglycemia needing treatment). Zone E: altered clinical action, could have dangerous consequences (hypoglycemia
mistaken for hyperglycemia, and vice versa). CGM ¼ continuous glucose monitoring; POC ¼ point-of-care.

N A (%) B (%) D (%)

137 76.6 21.2 2.2

Table 3
Mean Absolute Relative Difference Between Point-of-Care and Continuous Glucose Monitoring

ARD Overall (n ¼ 137) eGFR � 20 mL/min/1.73 m2 (n ¼ 97) eGFR < 20 mL/min/1.73 m2 (n ¼ 40)

Mean (SD) 14.80 (13.53) 12.13 (7.67) 21.27 (20.81)
Median (IQR) 13.20 (5.22, 18.52) 12.71 (5.35, 17.16) 16.37 (5.09, 25.08)
(Minimum, maximum) (0, 91.00) (0, 34.95) (0, 91.00)

Abbreviations: ARD ¼ absolute relative difference; eGFR ¼ estimated glomerular filtration rate; IQR ¼ interquartile range.
Mean absolute relative difference was calculated on the basis of 137 matched glucose pairs of 11 patients during their hospital stay; the maximum hospital stay is 76 hours.
Mean absolute relative difference has also been shown for patients in different chronic kidney disease strata (those with eGFR of �20 mL/min/1.73 m2 and those with eGFR of
<20 mL/min/1.73 m2).
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Importantly, studies by Galindo et al3 and others demonstrate that
the prevention of hypoglycemia occurs without an increase in the
frequency of hyperglycemia. The occurrence of unrecognized hy-
poglycemia by the nurse assigned to the patient in our study
(shown in Figs. 2 B and C) highlights the critical importance of
thoroughly educating all nursing staff to successfully and safely
implement CGM as outlined in the recent 2020 CGM hospital
618
consensus guidelines.34 The use of trends and alarms has been
shown to prevent hypoglycemia, and staff training regarding the
recognition of these alarms is essential.2

Hypoglycemia is a particularly common issue in hospitalized
patients with advanced CKD due to strong disturbances in insulin
and glucose metabolism (changes in insulin clearance, degrada-
tion, and secretion as well as a decrease in glucose filtration and



Table 4
Sensitivity Analysis: Mean Absolute Relative Difference for Glucose Measurement Within the First 24 Hours During Hospital Stay and Rest of Hospital Stay

ARD Overall (n ¼ 40) eGFR � 20 mL/min/1.73 m2 (n ¼ 28) eGFR < 20 mL/min/1.73 m2 (n ¼ 12)

Mean (SD) 15.42 (14.44) 12.80 (7.85) 21.55 (23.02)
Median (IQR) 14.78 (7.38, 20.18) 12.65 (6.37, 17.63) 18.32 (12.94, 20.96)
(Minimum, maximum) (0.30, 91.00) (0.30, 30.28) (1.03, 91.00)

Abbreviations: ARD ¼ absolute relative difference; eGFR ¼ estimated glomerular filtration rate; IQR ¼ interquartile range.
Mean absolute relative difference has also been calculated in different chronic kidney disease strata (patients with eGFR of >20 mL/min/1.73 m2 and those with <20 mL/min/
1.73 m2).

Table 5
Sensitivity Analysis: Mean Absolute Relative Difference for Glucose Measurement After the First 24 Hours During Hospital Stay and Rest of Hospital Stay

ARD Overall (n ¼ 97) eGFR � 20 mL/min/1.73 m2 (n ¼ 69) eGFR < 20 mL/min/1.73 m2 (n ¼ 28)

Mean (SD) 14.54 (13.21) 11.86 (7.64) 21.15 (20.23)
Median (IQR) 13.14 (5.10, 18.06) 12.71 (5.35, 16.67) 14.71 (4.41, 29.46)
(Minimum, maximum) (0, 73.33) (0, 34.95) (0, 73.33)

Abbreviations: ARD ¼ absolute relative difference; eGFR ¼ estimated glomerular filtration rate; IQR ¼ interquartile range.
Mean absolute relative difference has also been calculated in different chronic kidney disease strata (patients with eGFR of >20 mL/min/1.73 m2 and those with <20 mL/min/
1.73 m2).

A.T. Sweeney, S. Pena, J. Sandeep et al. Endocrine Practice 28 (2022) 615e621
gluconeogenesis) that can vary greatly between individuals and
contribute to significant glucose variability.35,36 Patients with
diabetes and advanced CKD who have an eGFR of <30 mL/min/
1.73 m2 are at a high risk of death and have a similar risk of
complications compared with those with ESRD receiving dial-
ysis.36 Notably, patients with diabetes and ESRD receiving hemo-
dialysis are at the highest risk of mortality within the entire
population of patients with ESRD.36 Thus, there is a great impetus
to achieve optimal glycemic control and to prevent hypoglycemia
in this complex population. The DIALYDIAB trial conducted in
patients with diabetes and ESRD receiving dialysis demonstrated
that CGM was associated with more frequent changes in patients’
glycemic regimen and improved glycemic control without
hypoglycemia.37

CGM has also been shown to help improve glycemic monitoring,
facilitate glucose management, and prevent hyperglycemia in non-
ICU hospitalized patients.34 Fortmann et al12 recently published the
first randomized controlled trial using real-time CGM versus
standard hospital glucose management in a non-ICU hospital
setting. Their data demonstrated that the use of real-time CGM,
along with hospital protocols to manage hypoglycemia and hy-
perglycemia, improved mean glucose and TIR without increasing
the frequency of hypoglycemia in patients with type 2 diabetes.12

The comprehensive and continuous glucose data that CGM pro-
vides over time assists in discerning glycemic patterns and aids in
treatment adjustments. Figures 2 B and C also illustrate an episode
of prolonged hyperglycemia detected using CGM in a study patient
that would not be apparent with POC fingerstick capillary blood
glucose measurements alone.

Our lower mean TIR of 59.8% was impacted by enrolling a
patient with a baseline HbA1c level of 13.2% (121 mmol/mol)
who exhibited considerable insulin resistance, as despite
titrating his insulin dose to 1.2 units/kg/24 h, he remained in
poor glycemic control. The median titrated dose of insulin
received by study patients on day 3 was relatively modest, at 0.6
units/kg/d, and more aggressive insulin titration in select pa-
tients would have achieved a superior TIR percentage. A study
similar to ours excluded patients with entry POC blood glucose
levels of >350 mg/dL.6

Recent studies have highlighted issues with implementing CGM
in hospitalized ICU patients. Perez-Guzman et al32 studied ICU pa-
tients with type 2 diabetes undergoing urgent CABG and reported
that CGM technology is less reliable owing to sensor signal loss,
which commonly occurs intraoperatively; however, they found that
sensors that recovered immediately after surgery had sustained
619
accuracy. They advised “avoiding clinical treatment decisions after
surgery based on CGM readings until accuracy can be confirmed
(within 20% of reference values) with POC testing or laboratory
tests.”32 Davis et al38 studied a small population of ICUpatientswith
diabetes during the COVID-19 pandemic and found that sensor
signal loss occurred commonly during hypoperfusion, cardiac
arrest, defibrillator use, and position changes during pronation or
hypothermia protocols. They successfully implemented and linked
a hybrid real-time CGM and POC glucose testing protocol through a
computerized decision support algorithm (Glucommander) and
integrated a validation system for sensor glucose values into their
electronic medical record.38 This approach was helpful in achieving
and maintaining TIR in a critically ill population managed on
mechanical ventilation and treated with glucocorticoids. Impor-
tantly, their well-designed integration of a validation system for
sensor values also helps overcome the challenge of CGM imple-
mentation in ICU patients. More studies evaluating this approach
and other innovative methods of integrating hybrid systems into a
validation method are needed.

Studies have demonstrated the need for improved transitions of
care in hospitalized patients.39 Glycemic management in the
medical and surgical wards after an ICU transfer is an important
transition of care that is high-risk and could potentially be associ-
ated with gaps in care that could negatively impact patients’ safety
and the length of stay. In comparison to the ICU, patients receive
less monitoring in the wards, and the nurse-to-patient ratios are
higher. Our study validated the feasibility and accuracy during this
transition of care from the ICU to a cardiac transition unit (or sur-
gical ward) in elderly patients with type 2 diabetes, with compli-
cations. The use of CGM in the noncritical care setting is also an
opportunity to introduce this technology to patients with a view of
potential use in the home setting. Diabetic patients with hyper-
glycemia who are hospitalized have higher 30-day hospital read-
mission rates than patients without diabetes and hyperglycemia.40

These readmitted patients have been shown to have higher mean
blood glucose levels, more extreme glucose excursions, and high
glycemic variability during their initial hospitalization.40 More
studies are needed to further explore the role of CGM in the tran-
sitions of care for hospitalized patients.

Conclusions

In summary, CGM technology was successfully implemented
during the COVID-19 pandemic in our high-risk patients after
cardiac surgery and after their transition of care from the ICU



Fig. 2. A, Summary data of CGM study patient, illustrating 65% time in range vs 0% hypoglycemia and 34% hyperglycemia. B, CGM data from a study patient, illustrating how
overnight hypoglycemia and prolonged postprandial hyperglycemia are captured using CGM but C, are not detected via the standard fingerstick POC blood glucose level protocol.
AGP ¼ ambulatory glucose profile; BG ¼ blood glucose; CGM ¼ continuous glucose monitoring; GMI ¼ glucose management indicator; POC ¼ point-of-care.
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with high clinical reliability, as 97% of the CGM values were
within zones A and B of the CEG analysis compared with the
standard POC capillary blood glucose levels. CGM has been
shown to improve inpatient diabetes care by preventing both
hypoglycemia and hyperglycemia and by facilitating therapeutic
insulin management. Our study was limited by its small size and
the heterogeneity of patients. Larger randomized controlled trials
are needed to validate and further explore the use of CGM in
hospitalized non-ICU patients, particularly those with advanced
CKD receiving dialysis. In conclusion, CGM holds great promise to
optimize inpatient diabetes care with high clinical reliability and
accuracy.
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