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Glucose monitoring and insulin delivery devices can
improve glucose levels and engagement, and provide
convenience for people living with type 1 diabetes.
Advances in continuous glucose monitoring (CGM) and
insulin pump therapy have improved the management of
type 1 diabetes, and recent changes to eligibility criteria
allow all people with type 1 diabetes to access subsidies for
CGM. An appropriate device should be selected in
consultation with a qualified clinician and education
provided on troubleshooting and risks.

Current glucose monitoring and insulin delivery technologies
can improve care in people living with type 1 diabetes.
Continuous glucose monitoring (CGM) allows for real-time blood
glucose information, potentially improving blood glucose levels
and reducing the risk of hypoglycaemia.

Since 1 July 2022, subsidised CGM is available to all people with
type 1 diabetes.

Automated insulin pump therapy can reduce nocturnal and
severe hypoglycaemia and improve glycaemic targets.
Identifying suitable candidates for insulin pump therapy is
important to optimise the benefits.

ontinuous glucose monitoring (CGM) and insulin pump
therapy are the latest diabetes technologies to revolutionise
management of type 1 diabetes. Monitoring blood glucose
levels in people with diabetes allows glycaemic aberrations to be
recognised and corrected, for example, through triggering and
guiding insulin dose correction, detecting and treating hypoglycae-
mia and assisting in analysing the impact of carbohydrate intake
and physical activity. This article provides an update on the latest
diabetes technologies including CGM devices and insulin pumps.
Historically, glucose monitoring for people with diabetes required
self-monitoring of blood glucose levels by finger prick testing to
assess day-to-day glucose fluctuations, and glycated haemoglobin
(HbA,) testing to estimate chronic metabolic control. The develop-
ment of CGM devices has removed barriers to glucose monitoring
and is associated with improved glycaemic levels, hypoglycaemia
risk and quality of life.* Recognising its benefits, the Australian
Government introduced a CGM subsidy in April 2017 for select
groups of individuals with type 1 diabetes.* As of 1 July 2022, eligibility
for subsidised CGM has been expanded to include all people with
type 1 diabetes.* CGM is now recommended over self-monitoring
of blood glucose alone for all adults with type 1 diabetes.®
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PERSPECTIVE CURRENT TECHNOLOGIES IN TYPE 1 DIABETES CONTINUED

Table 1. Accepted CGM reporting metrics to assist clinician
decision making

Metric Target
Number of days CGM device worn 100%
Time CGM device is active 70%

Mean glucose level Targets should be tailored

to the individual

Estimated HbAc level (referred to Targets should be tailored

as GMI) to the individual
Glycaemic variability (standard deviation <36%

of glucose/mean glucose x 100)

TIR >13.9mmol/L <5%

TIR >10.0 mmol/L <25%

TIR 3.9 to 10mmol/L 70%

TIR <3.9mmol/L <4%

TIR <3.0mmol/L <1%

Abbreviations: CGM = continuous glucose monitoring; GMI = glucose management
indicator; HbA1. = glycated haemoglobin; TIR = time in range.

Insulin pumps provide a continuous delivery of subcutaneous
short-acting insulin to reduce the burden of frequent insulin
injections, allow for flexible dosing and help calculate insulin bolus
doses. Technological advancements have allowed for insulin pumps
to function as hybrid closed-loop systems in conjunction with CGM
devices and provide automated basal insulin delivery, reducing
hypoglycaemia and improving time in glycaemic range.

Continuous glucose monitoring
A continuous glucose monitor is a wearable device that provides a
measure of interstitial fluid (ISF) glucose levels. The three main
components of a CGM device are: a disposable filament sensor
inserted into the subcutaneous tissue below the skin, a transmitter
attached to the sensor and a receiver that receives displays and stores
data sent from the transmitter via Bluetooth.® The device (consisting
of sensor and transmitter) can be worn on the abdomen, arm or
buttocks, depending on the device type. There are three forms
of CGM.

¢ Retrospective, in which blinded data is collected for a short
period then downloaded to review trends in glycaemic data,
does not provide real-time data and is typically only used by
healthcare professionals.

« Real-time (rt-CGM), which provides immediately available
sensor glucose data, allows the user to set alarms for hyper- and
hypoglycaemia, and can detect the direction and rapidity of
change in blood glucose levels.

« Intermittently scanned or flash (is-CGM), which displays
sensor glucose data only when scanned using a reader device.
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Benefits and drawbacks of CGM: factors to consider in
assessing individual suitability

Benefits of CGM

¢ Improvement in glycaemic levels (glycated haemoglobin, time in
range, hypoglycaemia)

* Allows for real-time information regarding impact of food and
exercise on glycaemic excursions

¢ Alarm capacity

Ability to share data with clinical team or other caregivers

Integration with insulin pumps including closed-loop and hybrid

closed-loop systems

Display includes trend arrows demonstrating the direction and

velocity of change in glucose level

Reduction in fear of hypoglycaemia

Potential drawbacks of CGM

¢ Alarm fatigue

* Sensor glucose lag time

¢ Interfering substances affecting accuracy, e.g. paracetamol
* Discomfort from device application/device wear

* Skin reactions

* Cosmetic concerns from device wear

Abbreviation: CGM = continuous glucose monitoring.

A flash device can store data and alert for low and high blood

glucose levels for eight hours from the last scan.

Continuous glucose monitors provide more clinically meaningful
and uninterrupted glucose monitoring data compared with finger
prick glucose testing, which provides a single static reading only.
Use of CGM provides an ambulatory glucose profile (AGP) report
that summarises CGM data over multiple days of wear. Data recorded
over 14 days have been found to correlate well with data recorded
over three months for mean glucose levels, time in range (TIR) and
hyperglycaemia.” Internationally accepted metrics for reporting
CGM data are provided in the AGP and supplement regular HbA .
testing.® TIR (% time spent in the target glucose range of 3.9 to
10.0mmol/L) is a key CGM-based measure of glycaemic levels.
Consensus guidelines recommend a TIR target of above 70% for
optimal glycaemic outcomes.”” Other CGM-based reportable meas-
ures and targets are detailed in Table 1.

Accessing CGM devices

Although the use of CGM devices improves HbA,. and glycaemic
levels in adults with type 2 diabetes treated with insulin, currently
only people with type 1 diabetes are eligible to apply for subsidised
CGM through the National Diabetes Services Scheme (NDSS)."'?
Each CGM device must be registered by a credentialled diabetes
educator or endocrinologist. CGM devices are fully subsidised
for healthcare card holders, women planning or during pregnancy
and people aged under 21 years; however, all others contribute a
copayment of the equivalent of $32.50 each month (at the time of
article publication). When registering individuals with diabetes with
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Table 2. Comparison of currently available CGM devices*

Device Classification Placement Frequency | Transmitter Calibration | Customisable Insulin Sharing with
of sensor lifespan alarm pump other
change compatible | caregivers

Dexcom G6 | rt-CGM Upper 10 days 3 months Not required | Yes (cannotturn | Yes Via Dexcom

Sensor abdomen, but can off urgent low Share app

(AMSL) pbuttocks, perform <3.1 mmol/L

upper arms alarm)

Medtronic rt-CGM Upper arms, 7 days 1 year (requires | 12-hourly Yes Yes Via CareLink

Guardian abdomen recharging with software

Sensor 3 each sensor

change)

Abbott is-CGM; complete | Upper arms 14 days 14 days Not Yes No Via FreeStyle

FreeStyle data captured only required, LibreLink app

Libre 2 if scanned every cannot

8 hours perform

Abbreviations: CGM = continuous glucose monitoring; is = intermittently scanned; rt = real time.

* Devices listed are the most up-to-date available at the time of writing.

the NDSS, clinicians must carefully consider whether the person has
type 1 or type 2 diabetes, as incorrect diagnosis impacts their ability
to access the CGM subsidy.

What are the benefits and drawbacks of CGM?
CGM can assist individuals with the day-to-day aspects of managing
diabetes and as a tool to improve glycaemic levels. Demonstrated
metabolic benefits include a reduced risk of hypoglycaemia and
improved TIR and HbA, levels." HbA,, reductions with CGM in
real-world and clinical trials were similar and, on average, were
reduced by 0.6%."> Although some studies have not shown a decrease
in severe hypoglycaemia, CGM device users did have a reduction
in ketoacidosis in real-world studies.’ Individual perceived benefits
of CGM include reduced fear of hypoglycaemia among children
with type 1 diabetes and their parents and improved quality of life.*”
Benefits and drawback of CGM are summarised in the Box.
Three main CGM device options are currently available for
individual use (Table 2). The ideal option depends on how well the
features suit the needs and circumstances of the individual with
diabetes. The choice of device should be made by the person living
with diabetes in consultation with their endocrinologist or creden-
tialled diabetes educator.

CGM lag-time

ISF glucose levels correlate closely with blood glucose levels. However,
there are some differences between ISF and blood. Blood glucose
values represent the whole-body sum of metabolic processes, includ-
ing glucose uptake by all tissues and postdigestion glucose release,
whereas ISF glucose levels represent local level glucose only. Glucose
concentrations in the ISF are impacted by local conditions, such as
local circulation level, which affects glucose diffusion from the blood

into the ISF, and local metabolism of glucose by active tissues.'® A
potential time lag occurs in the correlation of ISF to blood glucose
values as glucose is drawn from the bloodstream into the interstitial
compartment in the subcutaneous space.”

When blood glucose levels are stable, there is minimal physio-
logical lag time and no significant difference should be seen between
finger-prick glucose levels and CGM levels.? When glucose levels
change rapidly (e.g. during exercise, during or after a hypoglycaemic
episode or after eating), there may be a lag in equilibrium between
glucose in the ISF compartment and that in the blood. The subsequent
lag time between blood and sensor glucose values is variable (typically
five minutes). People with diabetes and clinicians must be aware of
this potential lag when using CGM to make treatment decisions and
avoid overtreatment of hyper- or hypoglycaemia.

Troubleshooting CGM issues

The most common issues arising from CGM use relate to skin irri-
tation, bleeding at the insertion site, sensor failure, sensor glucose lag
time or mismatch between finger stick glucose and sensor glucose.
These issues can be managed using simple troubleshooting steps
outlined in Table 3.

Insulin pumps

Insulin pump devices allow continuous delivery of subcutaneous

short-acting insulin and consist of the following three main

components.

* The insulin pump device, which has a display, battery and
insulin reservoir. Insulin dosing and delivery rates can be
programmed into this device.

« Aninfusion set that attaches to the skin with a subcutaneous
cannula for insulin delivery.
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Table 3. Troubleshooting common problems that occur with
continuous glucose monitoring

Issue Troubleshooting options

Skin irritation * Change sensor

* Change sensor location

¢ Avoid locations where clothes will rub

¢ Avoid inserting sensor into lean, scarred, hardened
areas

* Can perform patch testing if suspected allergy

* Insert sensor through and attach transmitter to

waterproof dressing

Bleeding * Apply pressure, wipe excess blood away gently, pat

area dry and apply tape, insert new sensor

CGM device

(O

Infusion set

Sensors ¢ Trial placement at the back of the arm
lasting less * Avoid exercise and showering immediately after
than 7 days sensor application
* Clean insertion area with alcohol before application
* Use liquid adhesive tape
* Request replacement sensor from manufacturer
Sensor * Finger prick glucose test if sensor glucose does not
glucose lag correlate with symptoms or rapidly changing
time glucose is suspected

« Thin plastic tubing connecting the insulin reservoir of the
pump to the infusion set.

Insulin pumps have come a long way since the large backpack-like
early prototypes of the 1960s and the first wearable insulin pump in
1976.%' Technological advancements have allowed them to become
more compactand easier to program to the individual’s needs, adding
to their convenience and appeal. Tubeless options are also available,
with insulin reservoirs attached directly to subcutaneous cannulas,
which can connect directly to a mobile phone.”? Individuals considering
initiating insulin pump therapy should discuss their preferences with
an endocrinologist or credentialled diabetes educator.

What are the benefits of insulin pumps?

Insulin pumps allow for improved glycaemic levels when switching

from multiple daily injections, with clinically significant reductions

in HbAlevels of 0.3 to —1.1% reported.” Insulin pumps also allow

for ease of insulin delivery including:®

« flexible dosing, which more closely resembles physiological
insulin delivery and is useful for people who exercise regularly,
have varying daily schedules (e.g. shift workers) or to address
the dawn phenomenon, where increased insulin delivery is
needed before dawn and on rising

« the ability to calculate insulin boluses, including prepro-
gramed calculations that help administer the correct bolus
dose at mealtimes or for hyperglycaemic corrections, which
helps prevent excess dosing by taking into account previous
bolus doses administered (‘insulin on board’)
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Figure. A hybrid closed-loop system comprising an insulin pump, tubing,
infusion set and a continuous glucose monitoring (CGM) device
communicating blood glucose information back to the insulin pump.

« availability of electronic data on insulin dosing and glucose
levels throughout the day, which are stored and can be
accessed on the device. This replaces the need to keep a
manual insulin diary and helps identify potential dosing
issues, which can assist with interpretation of blood glucose
readings at physician consultations.

Automated insulin pump systems

In recent years there have been vast improvements in insulin pump
technologies and capabilities. Although CGM devices and insulin
pumps can function as standalone devices, newer insulin pumps can
function as a hybrid closed-loop system that allows the pump to
directly interact with a CGM device, automatically altering the basal
insulin delivery according to a programmed algorithm in response
to ambient glucose levels (Figure). For instance, if the CGM device
detects a rising blood glucose level above that of an individual’s pre-
programed glucose target, the pump increases the amount of insulin
being delivered to return their blood glucose level to within the target
range. Conversely, if the person’s blood glucose is trending downward
and they are at risk of hypoglycaemia, the pump can temporarily
reduce or suspend the insulin being delivered to prevent a hypogly-
caemic event. This can reduce the amount of severe and nocturnal
hypoglycaemia, and improve TIR > Available insulin pumps, their
closed-loop/CGM compatibility and tubing type are listed in Table 4.

Who is the best candidate for insulin pump therapy?

Although there are multiple benefits of insulin pumps, not all people
with type 1 diabetes will be suitable for the device. Some people find
it burdensome to wear an insulin pump and set, particularly those
in physical occupations or environments unsuitable for insulin pump
use. Out-of-pocket costs also need to be considered and include the
cost of the pump device (particularly for those without private health
insurance coverage) and running costs (the cost of consumables).

© DRP8/SHUTTERSTOCK.COM



Table 4. Available insulin pumps, their closed-loop/CGM

compatibility and tubing*

Insulin pump CGM Closed-loop Tubing
compatibility system

Medtronic Guardian Medtronic Tubing

MiniMed Sensor 3 closed-loop

770G/780G

Tandem t:slim Dexcom G6 Control-1Q Tubing

X2 closed-loop

YpsoPump Dexcom G6 CamAPS FX Tubing
(via mylife app) closed-loop

Omnipod DASH No No Tubeless

Accu-Chek Solo | No No Tubeless

* Products listed are the most up-to-date devices available at the time of writing.

Other considerations when identifying candidates for pump therapy
include willingness to use the device and to follow up regularly with
appropriately trained health professionals.

Although automated insulin pump systems may improve blood
glucose levels, they still require the person with diabetes to monitor
their carbohydrate intake, administer insulin bolus for meals and
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change their infusion sets every two to three days. Additionally,
there are risks of malfunction, most commonly through infusion
set occlusion. Therefore, it is important that pump users are educated
on how to identify, troubleshoot and solve such issues to prevent
progression to diabetic ketoacidosis secondary to insulin deficiency.
Ketosis can occur two to four hours after interruption of insulin
supply as pumps only use short-acting insulin. Common problems
and troubleshooting strategies are listed in Table 3.

Conclusion

Advancements in diabetes technology, coupled with improved
accessibility from government subsidies, have contributed to
improved quality of life and glycaemic levels in people living with
type 1 diabetes. The choice of device should be made in consultation
with the individual’s diabetes specialist, with careful assessment of
the benefits and drawbacks, and taking into account the person’s
lifestyle and preferences. Appropriate education should be provided
to individuals and clinicians on risks and troubleshooting common
issues associated with the chosen device. ET
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