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Glucose monitoring has rapidly evolved with the development of minimally invasive continuous glucose monitoring (CGM) using
interstitial fluid. It is recommended as standard of care in the ambulatory setting, nearly replacing capillary glucose testing in those
with access to CGM. The newest CGM devices continue to be smaller and more accurate, and integration with automated insulin
delivery systems has further revolutionized the management of diabetes, leading to successful improvements in care and quality of
life. Many studies confirm accuracy and application of CGM in various adult inpatient settings. Studies in adult patients increased
during the COVID 19 Pandemic, but despite reassuring results, inpatient CGM use is not yet approved by the FDA. There is a lack of
studies in inpatient pediatric settings, although data from the NICU and PICU have started to emerge. Given the exponential
increase in the use of CGM, it is imperative that hospitals develop protocols for CGM use, with a need for ongoing implementation
research. In this review we describe how CGM systems work, discuss benefits and barriers, summarize research in inpatient pediatric
CGM use, explore gaps in research design along with emerging recommendations for inpatient use, and discuss overall CGM utility
beyond outpatient diabetes management.

Pediatric Research (2024) 96:1464–1474; https://doi.org/10.1038/s41390-024-03573-x

IMPACT:

● Current CGM systems allow for uninterrupted monitoring of interstitial glucose excursions, and have triggered multiple
innovations including automated insulin delivery.

● CGM technology has become part of standard of care for outpatient diabetes management, endorsed by many international
medical societies, now with significant uptake, replacing capillary glucose testing for daily management in patients with access
to CGM technology.

● Although CGM is not approved by the FDA for inpatient hospital use, studies in adult settings support its use in hospitals. More
studies are needed for pediatrics.

● Implementation research is paramount to expand the role of CGM in the inpatient setting and beyond.

INTRODUCTION
The introduction of continuous glucose monitoring (CGM) technol-
ogy, utilizing interstitial fluid as a new compartment for measuring
glucose, has evolved rapidly over the last two decades. Outpatient
diabetes management for both children and adults has been
transformed and optimized by CGM, and more recently this
technology is also leading to advancements and changes in inpatient
glucose monitoring and management. In the early 2000s research
around diabetes technology, namely the CGM, was geared towards
its validity, utilization and integration into daily long-term manage-
ment of diabetes. The integration of CGM coupled with intense
multiple daily insulin injections or continuous subcutaneous insulin
infusion (insulin pump) is rapidly becoming part of the standard of
care in the ambulatory setting for glycemic control, as recommended
by the International Society of Pediatric and Adolescent Diabetes
(ISPAD), the American Diabetes Association (ADA) and the European
Association for the Study of Diabetes (EASD).1–3

The pace of advancements in CGM technology has been moving
swiftly (Fig. 1), starting with the first FDA approved device, the
CGMS System Gold by Medtronic Minimed in 1999.4 This was a
blinded CGM that could be worn for 3 days with retrospective data
collection via device download by the physician. A few years later in
2004 Medtronic introduced the Guardian real-time CGM into the
market, which was capable of providing hypoglycemia or
hyperglycemia alerts. The appearance of Dexcom and Freestyle
Libre CGMs followed in 2006 and 2008, respectively. All of the initial
CGM devices required calibration with a fingerstick glucose to
improve accuracy, and treatment decisions could not be made
without a confirmatory blood glucose. Over time, the accuracy of all
of these sensors improved. By 2016 Abbott introduced the FreeStyle
Libre Pro, the first factory-calibrated CGM,5 but still blinded. That
same year, the FDA approved Dexcom G5 to be used as a non-
adjunctive tool for management of diabetes, which meant a
fingerstick glucose was not needed for treatment decisions,6
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although it still required calibration. The following year, Freestyle
Libre flash glucose monitoring was the first factory-calibrated
device also approved for non-adjunctive use. Another novel
technology was the first fully implantable glucose sensor, Eversense,
which was FDA approved in 2018 for adults only. It requires a minor
procedure to insert the sensor, and a transmitter is still worn on the
body. Originally approved for 3 month use, it is now approved for
6 month use.
These advances were a breakthrough in diabetes technology,

increasing the use of CGM7 and leading the way for the
development of automated systems for insulin delivery. Since
then there have been newer generations of CGMs produced to
date (Fig. 1). Current FDA-approved disposable sensors have a 7-
to-15-day wear time and increased accuracy without need for
calibration or confirmatory blood glucose testing8 (Table 1). CGM
transmission technology has also expanded to allow CGM data to
be communicated to a user’s phone or CGM receiver via bluetooth
transmission (Fig. 2).
Although currently CGM is not indicated for inpatient use, the

improvements in CGMs have amplified clinical enthusiasm about
the application of CGM in the inpatient setting. CGM approved for
outpatient use was tested in typical outpatient circumstances, so
accuracy of CGM within the multitude of inpatient situations has
been in question. Recently there have been several new
publications on patient CGM use, with several more underway.9–11

The current lack of data on CGM accuracy in multiple inpatient
settings is partly due to the amount of time between conducting
and publishing findings, as the rapid rate of new technology
development is outpacing the typical timeline of randomized
controlled studies needed to assess clinical outcomes and obtain
FDA approval. This limitation is triggering some to think of other
ways to integrate real-world evidence and person-reported
outcome data into a new approach for evaluating rapidly evolving
CGM technologies.12

HOW CGM WORKS
An interstitial CGM system consists of three components: (1) a
minimally invasive needle-type glucose biosensor electrode that
measures interstitial glucose levels, (2) a transmitter to convey data
wirelessly to a variety of devices and (3) a data receiver or monitor

(receiver, phone, insulin pump). The thin wire-like sensor is inserted
at a 45 to 90-degree angle depending on the sensor, into the
subcutaneous tissue (Fig. 3) by puncturing the skin, and adhesive
material keeps sensor and transmitter in place attached to the skin
surface. After puncturing the skin, the insertion of the sensor
causes an inflammatory reaction and a disruption of the local
subcutaneous interstitial environment.13 Consequently, this leads
to a waiting period for the sensor signal to stabilize known as
“warm up time”. It varies amongst different systems, and sensor
readings (glucose values) are not available for up to 30–120min
depending on the CGM system. The system monitors glucose
levels continuously and is capable of predicting glucose concen-
trations in the future through the use of computer software
algorithms. The data is displayed numerically and graphically,
informing the user of glucose levels and trends (Fig. 4) every
1–5min. The user can individualize alerts for high and low glucose
levels. At the time of this writing, interstitial CGM systems use
enzymatic electrochemical glucose biosensors, which have evolved
over time becoming more efficient and accurate with the use of
newer technologies and nanomaterials through improvements in
biocompatibility and reduction of interferences.14

Glucose biosensing technology was discovered by Dr Leland C
Clark Jr in 1965.15 This technology employs electrodes with redox
enzymes, either glucose oxidase or dehydrogenase, the former
being more selective towards glucose and able to better
withstand changes in pH and temperature, hence it is the enzyme
most used in commercially available CGMs. The redox reaction
creates an electric current with measurable voltage that is
dependent on glucose concentration. The electric signal thus
formed is then transformed into a glucose value. Since the redox
enzyme glucose oxidase cannot directly establish a communica-
tion with the surface of the electrode during the redox reaction,
shuttling of electrons to the surface of the electrode requires a
redox relay process. It is partly this electron shuttle system that
has evolved and transformed glucose biosensing technology.

Lag time and interferences
Lag time refers to CGM (interstitial glucose) readings that are
delayed compared to fingerstick blood glucose readings. Glucose
moves passively from the capillaries into the interstitium. Blood
flow, endothelial permeability, plasma glucose levels and uptake
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by surrounding cells affects interstitial glucose concentrations.16 In
steady states both serum and interstitial glucose levels correlate,
with a lag time estimated at 8–10min, but reported up to 45min
in the literature, with variability between individuals and different
CGM systems.17 The total delay in time can be divided into
physiologic and technological lag. Physiologic lag stems from the
time it takes for glucose to cross the endothelial wall and reach
the sensor. On the other hand, technological delay encompasses
diffusion of glucose through the membranes of the sensor, redox
reaction time and application of calibration algorithms to smooth
and denoise the raw signal and sensor output.18

There are clinical implications of lag time: rapid changes in
plasma glucose cause discrepancies in glucose values between
blood and interstitial fluid. For example, if blood glucose is in a
hypoglycemic range due to rapid drop in blood glucose, the
interstitial glucose may still be in normoglycemia and the CGM
would not yet alert for hypoglycemia. The incorporation of
software modules that predict glucose trajectories allows CGMs to
provide alerts of downtrending and uptrending glucose levels,19,20

which then can prevent or treat hypoglycemia or hyperglycemia
before it becomes severe (Fig. 4).
Another aspect affecting accuracy of glucose values in CGM

includes biofouling and biocompatibility. Insertion of sensor in the
subcutaneous tissue produces a local inflammatory reaction.13 As
a result, the foreign body response triggers adsorption of non-
specific proteins and cells to the surface of biosensor, and with
time this interferes with the sensor signal and function. Different
anti-biofouling coatings have been introduced along with more
biocompatible material to mitigate the local inflammatory
reaction.14 In addition, inaccuracies in CGM values occur with
compression on the CGM, known as “compression hypoglycemia.”
This most often occurs when someone is sleeping and body
weight is directly on the sensor. Often the CGM will show a very
sudden, abrupt drop in glucose. The authors advise patients to
check a blood glucose to confirm hypoglycemia, and if no
hypoglycemia, simply taking the weight off the sensor should fix
the problem with the next glucose value.
A few chemical substances may interfere with the glucose-

oxidase reaction, including acetaminophen, hydroxyurea, and
ascorbic acid (Vitamin C). This interference occurs because the
substances can become co-oxidized and therefore transfer more
electrons to the electrodes, which falsely increases glucose levels.
Previous generations of Dexcom CGM had interference with
acetaminophen, but Dexcom G6 and G7 include acetaminophen
blockers, so it is safe to use up to 1000mg acetaminophen every
6 h and still maintain accurate sensor readings.21 High vitamin C
intake (more than 500mg daily) may lead to falsely high glucose
levels even with the Freestyle Libre 3; the level of inaccuracy
depends on the amount of Vitamin C in the body.22 Hydroxyurea
is noted to lead to falsely high readings with both Dexcom21 and
Medtronic CGMs, and CGM should not be used for treatment
decisions in someone taking hydroxyurea.23 It is also important to
consider different factors that can alter interstitial glucose
concentrations and hence accuracy, such as medications,24 pH,
hydration status, hypothermia, and tissue oxygen concentration.25

These factors become more pertinent in hospitalized settings,
where patients suffer different conditions that may impact the
interstitial fluid milieu.

Sensor accuracy
Sensor accuracy is measured by calculating the Median Absolute
Relative Difference (MARD)26 between the sensor glucose and
reference glucose value, which is the standard method used to
determine accuracy for both fingerstick glucose and CGM values.
A larger MARD indicates greater discrepancies between CGM and
blood glucose reference values. Through the past 20 years CGM
MARD has decreased with newer technology demonstrating
MARD < 10%27–31(Fig. 1). This improvement in accuracy has ledTa
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to the use of CGM without the need to confirm glucose values
with a fingerstick in order to make treatment decisions, and
integration into automated insulin delivery systems.
Other forms of analysis involve grids such as Clark Error Grid,

Parkes Error Grid and Surveillance Error Grid, of which the former is
the most commonly use in CGM studies. Grids are used to assess
clinical reliability of blood glucose values with a reference glucose
value divided into five clinical-decision zones: Zones A through E.
Values in Zone A are within 20% of reference and therefore accurate,
values in Zone B are outside of 20% range but would not result in
inappropriate treatment. Zone E values would result in erroneous
treatment of hyper or hypoglycemia. Conventionally, values that fall
in Clark Error Grid Zone A and B are clinically accepted.32

THE BENEFITS OF CGM
There are many benefits of CGM. These include less fingerprick
glucose checks for the patient, more glucose data which leads to
more accurate insulin dose and other recommendations, ability for

remote patient monitoring, integration with pumps and auto-
mated insulin delivery, less hypoglycemia, and greater time in
target glucose range, all leading to improved glycemic control.
When compared to capillary point-of-care (POC) testing, CGM
provides data on the daily excursions of glucose as opposed to a
one-time value provided by capillary POC testing. The difference
in the amount of information between CGM and POC capillary
testing can be likened to a movie, in comparison to photo
snapshots that show only a few moments in time (Fig. 4). This
wealth of glucose information has led to the many successes
achieved in the outpatient setting, with improvement of glycemic
control related to the incorporation of glucose trends and alerts
and the ability for automated insulin delivery.

Glycemic benefits
The first large, randomized outpatient CGM study was published
in 200833; it was a multicenter trial enrolling 322 adult and
pediatric participants to CGM or home blood glucose monitoring.
The authors demonstrated that the adults ages 25 and older had
significant improvement in HbA1c, but ages 15–24 years and 8–14
years did not have improvement in HbA1c. CGM wear time of
6 days a week or more was much lower in ages 15–24 years and
8–14 years than in adults ages 25 years and older, and the
differences in CGM use were a key factor associated with the age
based differences in change in HbA1c. At the time, the CGM
devices used in this study were all early generation; they were
larger than current devices, and they required fingerstick
calibrations in addition to fingerstick glucose checks for any
treatment decisions, including insulin dosing or treating hypogly-
cemia. Burdens identified by participants included insertion pain,
frequent and sometimes inaccurate alarms, and skin or body
issues.34 This meant that for many people living with diabetes, the
early generation CGMs actually increased burden, leading to low
CGM wear time.

a Continuous glucose monitor
sensor and transmitter b Insulin pump

d Insulin pump
    mobile pump

c Continuous
glucose monitor

receiver

Continuous glucose monitor and 
automated insulin delivery system components

Fig. 2 Continuous glucose monitor and automated insulin delivery system components. a Continuous glucose monitors include the
sensor, which is a very thin filament that is inserted in the subcutaneous tissue and measures interstitial glucose, as well as a transmitter that
stores and sends the glucose data to be displayed. The newest generations of CGMs have a disposable sensor and transmitter that are
combined in one unit. b The CGM signal travels via bluetooth to the insulin pump. The automated insulin delivery algorithm uses the CGM
data to predict future glucose and calculate insulin needs to try to keep glucose in the target range. The insulin pump continuously delivers
rapid acting insulin based on the algorithms calculations. c CGM data is sent via Bluetooth to the receiver. The receiver can be a separate unit
that is designed to display the CGM data, or can be a mobile app installed on a smartphone. If the receiver is a on a smartphone, the phone
can then send the signal and display the same data to “followers”, such as parents or partners of the person living with diabetes. This feature is
commonly used by parents when children are in school or with other caregivers. d The CGM and insulin data for the automated insulin
delivery system may be displayed on the pump screen, or depending on the system, may be displayed on a mobile phone app. Often, patients
use one mobile phone for both the CGM app and the insulin pump app.

Subcutaneous
tissue/

interstitial fluid

Fig. 3 Subcutaneous CGM sideview.
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In the years since the landmark JDRF CGM33 study was
published, substantial improvements in CGM technology have
led to a rapid increase in CGM use. These improvements include
factory calibration in 2015 and non-adjunctive use in 2016, as well
as integration with automated insulin delivery systems starting in
2016. Data from the US based Type 1 Diabetes (T1D) Exchange
registry shows that CGM use in youth increased from 4% in 2013
to 31% in 2017,35 and the most recent data from the type 1
diabetes exchange QI registry shows median CGM use in 2021 of
66%, and up to 81% in 2022.36

CGM use leads to improvement in glycemic control in nearly all
age groups. Randomized studies of CGM use in adolescents and
young adults show HbA1c improvements of 0.4–0.76% in the CGM
groups.37 Data from the T1D Exchange from 2016 to 2018 showed
lower HbA1c in CGM users across all ages.7 CGM initiated within
the first year of T1D diagnosis shows long term benefit, with those
who start CGM in the first year demonstrating lower HbA1c
throughout 7 years of follow up compared to those who started
CGM later or did not use CGM.38 CGM used together with
automated insulin delivery (AID) leads to even larger improve-
ments in glycemic control when compared to CGM alone or CGM
with standard insulin pump therapy. This holds true across all
ages, from preschoolers to older adults, with improvements in
HbA1c of 0.4–0.7%.39–42

Improvement in glycemic control reduces the risk of short-term
and long-term diabetes-related complications, highlighting this
technology’s long term cost-effectiveness despite the upfront
high cost. ISPAD1 as well as ADA2 and EASD3 include CGM use as a
standard of care for glucose monitoring in type 1 diabetes. ISPAD
has specific guidelines regarding lower resourced countries,43 with
glucose monitoring recommendations for 3 levels of care44:
Comprehensive Care includes constant CGM use when possible
and if not possible, intermittent CGM use; Intermediate Care
recommends CGM use once every 3–6 months to identify glucose
patterns; Minimum Care does not include CGM use.
In the United States, CGM coverage has expanded since the

early 2020 s, and now Medicare and nearly all state Medicaid
programs cover CGM for people with T1D. Many countries with
government funded universal health care insurance have also
recently started to cover CGM. The United Kingdom launched
universal CGM coverage for T1D in 2022, after which CGM use
increased from 4% in 2017 to 95% in early 2024, with pediatric
T1D patients achieving HbA1c under 7.5% increasing from 28% in
2017 to 41% in 2024.45,46 Similarly, after the Australian Govern-
ment funded CGM technology for those with T1D under 21 years
of age in April 2017, the usage rate increased from 5% to 79%, and
was maintained up to 2 years afterwards.47 CGM was fully
subsidized for children under 10 years of age, and for those 10 to
<21 years if they had significant hypoglycemia. Over the
24 months following CGM subsidy, patients with CGM use >75%

showed a decrease in HbA1c in addition to fewer episodes of DKA
and severe hypoglycemia.

Psychosocial benefits
Equally important to improvements in glycemic control are the
improvements in quality of life for children living with T1D and
their families. The use of CGM is associated with an increase in
quality-adjusted life years in studies done in adult patients.48,49

There is a relief of burden related to not having to do frequent
(painful) fingerstick checks, and mitigation of fear of hypoglycemia
with predictive alarms.50,51 Parents have a sense of control of their
child’s diabetes, which allows for more normalcy in everyday life.50

Using CGM with remote monitoring improves multiple measures
of quality of life, reduces family stress, and improves parental
sleep.52 Prevention of major symptomatic hypo- and hypergly-
cemic episodes has the potential to improve school attendance
and participation in age-appropriate activities.

Barriers of CGM use
Despite the benefits, there are barriers to wearing a CGM for many
patients. These barriers include not wanting to stand out as
different in social settings, dislike of technical devices on the body,
and concerns that the technology is not accurate. Some patients
mistrust data sharing with their healthcare team. For others, CGM
utilization is limited because of poor device adhesion to skin
resulting in more frequent sensor changes and running out of
supplies, or local allergic reactions to adhesive, all of which can
increase CGM-related costs.53 Alarms can be distressing, and the
constant availability of glucose data may overwhelm parents and
provoke anxiety related to the management of low or high
glucose values.54

The cost of CGM is a primary barrier for many at an individual
and country level. In the United states in 2024, the cost of 1-month
supply of Dexcom G7 for individuals without insurance is priced at
171.28–411.20 US Dollars and For FreeStyle Libre 3 at
135.99–153.76 US Dollars.55,56 In countries where government
sponsored health care exists, subsidy of CGM is most likely to be
cost-effective.48,49,57 As long as the cost remains high and
unsubsidized, the disparity in diabetes care will continue to
widen. An alternative solution consisting of planned intermittent
use of CGM for special circumstances (management of acute
complications, treatment intensification, summer camps) or for
select patients (hypoglycemia unawareness, pregnancy) may
lessen this effect and increase global affordability.58

THE USE OF CGM IN THE INPATIENT SETTING
Point of care (POC) capillary blood glucose testing remains the
current standard for monitoring dysglycemia in patients who are
hospitalized. However, POC capillary blood glucose was originally

12am 3 6 9 12pm 3 6 9

Low glucose alerts

140
mg/dL

180
150

70

Patient facing mobile app
shows current glucose in

addition to trend, which can
allow for treatment to prevent
further glucose excursions.

Fig. 4 Continuous glucose monitor data display. This CGM tracing shows 4 blood glucose measurements (red dots), of which 3 are in a
normal glucose range. The black line represents CGM data. However, there are large post-prandial excursions as well as 2 episodes of
hypoglycemia that would be missed by the intermittent blood glucose checks. In the situations where the blood glucose checks were normal
prior to hypoglycemia, if the patient saw the CGM glucose rapidly falling they may have been able to completely prevent the hypoglycemia.
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designed and approved for home management of diabetes. The
introduction and approval in the inpatient setting was contro-
versial and met with many barriers, it was used off label in many
hospital settings.59,60 Inpatient use of POC glucose testing was not
FDA approved until 2018,61 which closely mirrors the current
experience of inpatient CGM use; despite its wide and standard
use in the ambulatory space for management of diabetes,
initiating a CGM device in the hospital to monitor dysglycemia
has not been approved by the FDA. Current ADA guidelines
support its use in patients with T1D who are wearing a CGM
device at the time of admission “as long as resources and training
are available, and according to an institutional protocol, with the
exception of patients with extensive skin infections, hypoperfu-
sion, or hypovolemia or those receiving vasoactive or pressor
therapy since it can potentially affect CGM accuracy”.62

The ever-evolving CGM technology is poised to have significant
impact in the inpatient clinical setting. Most studies to date have
been conducted in the adult population, focusing on comparing
accuracy of CGM in different inpatient settings in both preventing
hypoglycemia and treating glucose excursions in patients with
diabetes,63 use of CGM in non-diabetes patients in the ICU to
monitor hyperglycemia and maintain tight target glucose
ranges,64 and intraoperative management of dysglycemia.65

On the contrary, studies in the pediatric population lag behind.
This lack of data is partly explained by the general limitations of
pediatric CGM utilization. CGM is not approved for children under
2 years of age, glucose readings are limited to 40–400mg/dL, and
they are not as reliable in situations of rapid blood glucose
changes. Therefore its utility may be limited in pediatric patients
with hyperglycemia emergencies or hypoglycemia, which are the
most common scenarios requiring frequent glucose monitoring in
hospitalized pediatric patients. During the COVID pandemic, the
glucose monitoring requirements for the large volumes of high
risk patients led to temporary FDA approval for inpatient CGM
use.66 This rapidly accelerated the pace of inpatient CGM use, but
the pediatric population was not affected in the same magnitude,
and as a result there were fewer inpatient pediatric CGM studies
during the pandemic.
This temporary FDA policy66 allowed many institutions to take

advantage of CGM technology - continuous monitoring and
streaming of glucose- in ICU and non-ICU settings, with the aim of
minimizing healthcare worker exposure time and saving personal
protective equipment.67 Pilot studies that emerged during the
pandemic looked at accuracy of CGM devices in non-critically ill
patients provided reassuring results.67 A randomized study
comparing a CGM guided hypoglycemia management protocol
to standard of care showed that a glucose telemetry system
decreased hypoglycemia for insulin treated adults with type 2
diabetes.68 Fortman et al.69 looked at the utility and barriers of
streaming continuous glucose readings, proposing that streaming
of glucose provides valuable information and it should be
regarded as the 5th vital sign. From these studies and COVID
experience, we learned that implementation approaches such as
training of staff, device set-up, data transmission and sharing,
documentation of CGM glucose values, guideline protocols to
respond to glucose data trends, feasibility of routine use and
acceptability in the critical and non-critical workspace have been
understudied.70 Nonetheless, adaptation of integration of CGM
technology in the hospitals is the next vision.71

Frechman et al.72 in his 2023 review of clinical performance
evaluation of CGM systems in the hospitals proposed a framework
for reporting the design and results of a clinical CGM performance
evaluation. The same year, the Diabetes Technology Society
formulated expert recommendations for CGM implementation in
the hospital based on outcome data as well as shared collective
real-life experiences.71 Meeting sections included implementation
of protocols, financial implications, development of quality
metrics, data integration into EMR among others. The

standardizing of glucose metrics and definitions of outcomes
such as hospital time-in-range and glycemic variability index will
lead to improved comparability between studies of CGM
performance. Several societies have already recommended guide-
lines on the use of CGM in the various hospital settings, which
include CGM indications and glycemic targets.73

Use of CGM in the inpatient pediatric setting
The potential utility of CGM in the pediatric population includes
children with diabetes, but also extends beyond diabetes settings,
such as looking at glucose trends in children without diabetes
experiencing hyperglycemia when treated with steroids, under-
going chemotherapy, and in pediatric patients admitted for
diagnostic fasts to rule out a metabolic disorder.
There is very limited data on accuracy and implementation of

CGM in hospitalized pediatric patients. Pre-pandemic pediatric
studies looking at accuracy of CGMs in critically ill pediatric
patients were conducted before 2015, at a time when CGM
was not factory-calibrated and MARD in the outpatient setting
was >10%.74–76 They were limited by the small sample, and as
expected MARD values were high, indicating that accuracy was
not good enough to use CGM values for insulin dosing or treating
hypoglycemia without confirmatory capillary glucose testing.
Nonetheless, they introduced CGM implementation as a tool to
decrease frequency of fingerstick checks, and in this way not only
eased the burden of nursing staff but improved the quality of
sleep in hospitalized pediatric patients.
A retrospective chart review of hospitalized pediatric patients

with T1D10 already wearing a CGM, who had been admitted to
PICU or medical floor for either a diabetes related concern or
another acute illness had concluding results similar to adult data,
demonstrating a clinically acceptable accuracy of the Dexcom G6.
As expected from adult studies, accuracy decreased with
hypoglycemia, however in the setting of hyperglycemia accuracy
was very good with a MARD of 5.6%. The accuracy was better in
the ICU than on the medical floor, a possible explanation by the
authors is that those patients in the ICU may have less fluctuating
values of glucose due to factors such as decreased oral
carbohydrate intake and activity, therefore limiting lag time
between CGM and blood values.
Another recent prospective study77 involving 35 children

hospitalized with DKA showed that CGM values were comparable
to POC and serum glucose measurements, with acceptable Clark
Error Grid accuracy. In addition, the authors reported that low
levels of bicarbonate and impaired perfusion during DKA did not
seem to impact CGM accuracy.77 For this study, Dexcom G6 was
placed upon arrival to the PICU to the abdomen. Treatment of
DKA was initiated prior to placement and use of CGM. POC and
CGM data were matched up after the 2-hour warm up time and
when BG had fallen <400mg/dl. CGM was removed after closure
of anion gap and bicarbonate level was >18 mEq/L. Another
retrospective chart review study by Waterman et al.9 evaluated the
accuracy of Dexcom G6 in 38 pediatric patients with T1D treated
with insulin infusions in the PICU, demonstrating similar findings.
The use and implementation of CGM in the setting of DKA has its
own limitations beyond accuracy. For example, CGM technology
cannot provide glucose readings >400mg/dl, and warm up time
delays the timing of first CGM reading.
More studies looking at CGM use in different hospital settings

and pathological conditions are needed. This includes studies on
accuracy, cost-effectiveness, and implementation of CGM alerts
and trend predictions into hospital protocols. Guidelines are
needed to manage hyperglycemia emergencies and hypoglyce-
mia prevention on the medical floors, as well maintaining
glycemic control in critically ill pediatric patients. Future studies
should be conducted following similar methods and standards to
measure accuracy in different hospital settings (PICU, NICU,
general wards, or operating rooms) and age groups. Additionally
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pediatric patients may require different glycemic metric targets
according to diagnosis (diabetes, chemotherapy treatment,
hyperinsulinemia, steroid-induced hyperglycemia). Studies should
include evaluation of acceptance by nursing staff as an adjunctive
tool to guide 24-h management (Table 2).

Use of CGM in the neonatal and preterm population
A handful of studies in the last decade have looked at the role of
CGM technology in the NICU, especially in the premature and very
low birth weight (VLBW) population, who are prone to have
greater glucose variability in the first week of life. Continuous
glucose monitoring when compared to intermittent glucose
monitoring has the advantage to closely assess glycemic
fluctuations and hence serve as an adjunctive tool to guide
treatment management to reduce hypoglycemia and/or sustained
hyperglycemia78,79 both of which are associated with neonatal
morbidities80 and impaired neurodevelopmental outcomes in
childhood.81 There are no CGMs specifically designed or approved
to use in neonates, but as the size decreases their use also
becomes more feasible. There is great variability in measuring
accuracy and in accuracy results. Studies evaluating the accuracy
of CGMs are few, with most conducted with older CGMs.82 This
remains a gap in the literature.
Galderisi et al. in 201783 aimed to assess effectiveness of CGM-

guided glucose administration vs standard of care blood glucose
monitoring in increasing time spent in euglycemia and subse-
quently reducing hypoglycemia and hyperglycemia in preterm
infants <32 weeks and under 1500 grams. This was a randomized
controlled trial that included 50 newborns <48 h of life. The study
was conducted with Dexcom G4 CGM, which was placed on the
lateral thigh and worn for up to 7 days. The authors demonstrated
the effectiveness of a CGM-guided algorithm for glucose infusion
titration to maintain glucose control without the need for insulin.
The international, multicenter, open-label randomized con-

trolled trial, real-time continuous glucose monitoring in preterm
infants (REACT)84 ran from 2016 to 2019 and was the first study of
its kind to evaluate the efficacy, safety and use of CGM in preterm
infants. The primary aim was to evaluate the use of CGM in
guiding the clinical management of glycemic control and use of
insulin in preterm infants. The clinical protocol85 included
modifications of the rate of dextrose infusion or use of insulin.
CGM data was collected from a total of 155 patients <24 h of life
and <34 weeks of gestational age with a birth weight of 1200 g or
less. The intervention lasted until 7 days of age, but clinical
outcome data was collected until 36 weeks corrected gestational
age. The CGM used was Medtronic Enlite, inserted in the lateral
aspect of the thigh. In this study, the use of CGM during the first
week of life facilitated earlier detection of and prevention of
exposure to the extremes of hypoglycemia and hyperglycemia, in
addition to increasing time in the target range for glucose. The
rate of necrotizing enterocolitis was also higher in the control
(standard-care) group, but the study was not powered to provide
statistical significance. CGM accuracy was not assessed, in turn, the
protocol provided safety measures during rapid drops or increases
of glucose. No skin problems were reported, and 7-day sensor
wear was well tolerated (Table 2).
Implementation of continuous glucose monitoring in preterm

infants is associated with a high probability of cost-effectiveness,
which has the potential to improve if larger studies confirm that
CGM use in preterm VLBW infants reduces the risk of pathologies
thought to be associated with hyperglycemia in the first weeks of
life, such as necrotizing enterocolitis, retinopathy of prematurity
and possibly bronchopulmonary dysplasia.84,86

The NICU population has unique characteristics, differing from
older pediatric and adult patients such as skin fragility and
decreased subcutaneous tissue. In the studies reviewed for this
writing, there were no reports about infection, skin breakdown or
inflammation in sensor sites, even after the sensor was removed.

Sensor wear did not last more than 7 days and they were usually
placed in thighs. Additionally, CGM use in the NICU setting may
provide reduced procedural pain by not only decreasing
frequency of heelsticks, but insertion of the CGM cannula may
be less painful than a single heelstick.87

CGM AS DIAGNOSTIC OR MANAGING TOOL
CGMs as a diagnostic tool for pre-symptomatic type 1 diabetes
and cystic fibrosis related diabetes has the potential to replace the
oral glucose tolerance test (OGTT) which is currently the gold
standard.
Type 1 diabetes is now known to be a disease that progresses in

three stages, with stage 1 characterized by autoimmunity but
normoglycemia, followed by stage 2 with dysglycemia, and finally
stage 3 symptomatic diabetes. The use of OGTT has limitations for
assessing progression to stage 3 T1D, since it is difficult to perform
in young children, and parents might not agree to the required
repeated tests to assess for dysglycemia. Not only can CGM be
used for monitoring glycemic profiles and predicting progression
to stage 3 Diabetes88,89 but is more acceptable to children and
their families than the OGTT or blood tests. This is clinically
relevant given the recent FDA approval of teplizumab, a
humanized anti-CD3 monoclonal antibody, for the prevention of
progression of stage 2 to stage 3 T1D.
There are limited studies exploring the utility and implementation

of CGM technology in youth with Cystic Fibrosis related diabetes
(CFRD). Screening for CFRD as early as 10 years of age using the
OGTT is recommended.89 Mainguy et al.90 used CGMs as a tool to
classify dysglycemia in youth with CF, comparing the sensitivity and
specificity of different dysglycemia screening methods to OGTT.
CGM data revealed that glucose excursions were prevalent early in
life. Although not currently used to diagnose CFRD, CGM-detected
dysglycemia among individuals with CF and normal glucose
tolerance correlates with early abnormalities in insulin secretion
and declines in pulmonary function.91 Future studies investigating
the impact of CGM on glycemic control, pulmonary function, weight,
or quality of life in patients with CFRD are needed.92

A growing interest in the use of CGM has also permeated other
areas of Pediatric Endocrinology such as congenital hyperinsulin-
ism (CHI), a disorder characterized by severe hypoglycemia due to
dysregulated insulin secretion. Patients with this condition need to
have up to 4–6 daily fingersticks to measure plasma glucose, but
this current gold-standard approach may fail to detect episodes of
hypoglycemia that could negatively impact neurodevelopmental
outcomes.
When Conrad et al. in 200493 assessed the use of Medtronic

CGM in patients with CHI, the authors found that CGM was more
useful in documenting euglycemia than hypoglycemia. A similar
study by Alsaffar et al.94 in 2018 using Freestyle Libre found
significant variability between CGM and glucose meter measure-
ments in addition to finding a MARD of 17.9%. Another study in
2019 by Rayannavar et al.95 showed a similar MARD of 17.4%. In
their findings, although a high false positive rate of hypoglycemia
was reported, a high negative predictive value of a CGM reading
for hypoglycemia was noted, proposing the utility of CGMs as a
potential adjunctive tool in patients with CHI in verifying
euglycemia and alerting parents when the child is not euglycemic,
more importantly overnight.
One limitation for research in congenital hyperinsulinism is the

lack of accuracy criteria of CGM in patients by MARD or error grids. In
2022, Worth et al. developed96 the Hypoglycemia Error Grid (HEG).
This tool was applied in a subsequent study enrolling 10 patients
over 12 weeks, using the Dexcom G6, which has a lower MARD than
the CGM systems used in previous studies. The study analysis
demonstrated insufficient accuracy and low rates of hypoglycemia
detection. In their conclusions, the use of CGM as a standalone tool
was not recommended for patients with congenital hyperinsulinism.
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THE FUTURE OF GLUCOSE MONITORING
Interstitial continuous glucose monitoring has allowed us to learn
about dynamic changes in glucose levels. This window of
opportunity and biotechnological innovation brought about
changes that have improved the management of diabetes in
the outpatient space, and are now making their way to the
inpatient setting. Next on the horizon is the expansion of
indications for CGM use (younger ages, pregnancy, intraoperative,
general hospital and ICU settings), as well as further development
of CGM algorithms and automated insulin delivery systems. In
addition, the use of other biologics could open the opportunity for
non-invasive glucose monitoring which could further improve
quality of life by reducing painful procedures to track glycemia.
Researchers are honing in on the development of devices that
detect glucose in sweat, saliva, breath, and ocular fluid as well as
with the use of light. Ocular glucose sensors have been developed
in the form of both contact lenses and a coil in the eyelid, and
sweat sensors in the form of tattoos, patches or adhesive tapes.
Non-invasive intermittent glucose monitoring is being developed
with measurements of compounds in breath, use of light via
Raman Spectroscopy, and even saliva in the form of a disposable
test strip (biosensor) that changes color or attaches to a
smartphone, which may be more cost-effective in resource-
restricted areas or in certain populations.14,15,19,97,98

CONCLUSION
The future vision of CGM technology use in the medical field is
ramping up, with studies showing reliable results in multiple areas
and design of interstitial CGM-mediated management innova-
tions. The expansion of CGM for multiple settings and indications
is underway, as well as ongoing development of new technologies
and algorithms to continue to improve ease of use and accuracy.
The use of these new and rapidly changing technologies comes
with other challenges: knowledge of technology, training of staff,
development of protocols to address alerts and predictions
(trends). These barriers can be more accentuated in community
hospitals without a dedicated endocrinology team. Implementa-
tion research will be an ongoing necessity and should be
incorporated in future CGM studies.
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