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ARTICLE INFO ABSTRACT

Keywords: Diabetes is a growing public health concern. Approximately 20% of acute NHS hospital beds are occupied by
Diabetes individuals with diabetes. Following the recent NICE (National Institute for Health and Care Excellence) updates,
Technology

diabetes technologies are increasingly available in the NHS. Despite the benefits, they present challenges, eg
unfamiliarity, insufficient education, and lack of confidence of general physicians who are increasingly likely to
Tnsulin pumps encounter people using these technologies, presenting with acute illnesses.

(Hybrid close loop) HCL This review aims to update the general physicians with diabetes technologies such as continuous glucose monitors,
CSII insulin pumps, hybrid closed loop systems and how to troubleshoot in acute illnesses, diabetes emergencies,
perioperative management and radiological investigations.

While it is important to develop consistent inpatient care pathways and out-of-hours support from diabetes teams,
it is vital to enhance the knowledge and confidence of non-diabetes physicians. Further research is warranted to

Inpatient care
Continuous glucose monitor (CGM)

support the use of technology in inpatient settings and diabetes emergencies.

Introduction

Diabetes mellitus is a global pandemic, growing rapidly in low-to-
middle-income countries.! An estimated 828 million people are living
with diabetes worldwide, of whom 10% have type 1 diabetes (T1DM),’
with England reporting one of the highest rates of TIDM.? Approxi-
mately one-fifth of acute hospital beds are occupied by individuals with
diabetes.?

Diabetes technologies such as continuous glucose monitoring (CGM),
continuous subcutaneous insulin infusions (‘insulin pumps’) and hybrid
closed-loop (HCL) therapies have been shown to improve glycaemia and
patient-reported outcomes in T1DM, with increasing evidence also sug-
gesting benefits of these in type 2 diabetes (T2DM)>-> .

Capillary blood glucose monitoring (CBG) monitoring was the stan-
dard of care before 2022, when NICE (National Institute for Health and
Care Excellence) recommended CGM in all people living with TIDM
and those with T2DM who are on multiple daily insulin injections with
an elevated risk of hypoglycaemia, among other criteria.®” In 2024,
NHS England published Technology Appraisal guidance on HCL use in
T1DM, recommending HCL in 1) children and young people with T1DM,

2) those who are pregnant / planning pregnancy, 3) adults with TIDM
with HbAlc >58 mmol/mol (7.5%) or disabling hypoglycaemia, despite
best possible management with insulin pumps or CGM.®

These technological advances represent significant progress in dia-
betes care but also present challenges, including the need for healthcare
professional education and upskilling, while for users there are possible
issues related to alarm fatigue and anxiety.’ This article aims to famil-
iarise general physicians with CGM, insulin pumps and HCL systems,
and provide practical guidance for managing these devices in the inpa-
tient setting until the diabetes team provides input.

Continuous glucose monitoring (CGM)

CGM sensors are coin-sized devices applied to the back of arm or
abdomen. Real-time CGM (rtCGM) continuously transmits interstitial
glucose data to a receiver or smartphone via Bluetooth.!? Each sensor
typically lasts 7-15 days (depending on the manufacturer) and provides
detailed data on glucose trends, enabling users to gain better insight
into the impact of diet, lifestyle and therapy on their glucose levels,
leading to improved self-management and behaviour modifications.!!
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1a) Tethered insulin pump 1b) Untethered insulin pump (tubeless) on

the waist and CGM on the left arm
(consented for publication)

Fig. 1. Examples of insulin pumps and continuous glucose monitoring sensor.

1a) Tethered insulin pump.

1b) Untethered insulin pump (tubeless) on the waist and CGM on the left arm
(consented for publication). Image provided and published with the written con-
sent of the individual depicted.

CGM metrics such as time in range (TIR), time above range (TAR), time
below range (TBR), glucose variability and glucose management index
(GMI) are now routinely used in clinical care to guide diabetes manage-
ment.'? CGM also provides the option of alarms for high and low glucose
levels, particularly useful in those who have impaired awareness of hy-
poglycaemia symptoms. The different types of CGM available in current
UK practice can be found in the diabetes specialist nurse (DSN) Forum
UK platform.'® Fig. 1 demonstrates an example of an arm-worn CGM
Sensor.

Continuous subcutaneous insulin infusions (CSII / insulin pumps)

An insulin pump consists of a reservoir, containing short-acting in-
sulin, and a cannula which is typically worn on the abdomen, thigh or
arm to deliver a continuous subcutaneous infusion of insulin.'® There
are two types of insulin pumps: tethered insulin pumps, where a tube
connects the pump and the cannula, and tubeless pumps, which connect
directly to the skin as demonstrated in Fig. 1.!° Rapid-acting insulin is
delivered continuously on an hourly rate (basal rate) throughout the
day and after bolus activity by the user, with the dose based on in-
sulin:carbohydrate ratio (ICR).'° Before initiation, individuals receive
comprehensive education on insulin management, carbohydrate count-
ing and troubleshooting.!* The DSN Forum UK platform describes the
various types of insulin pumps used in the NHS.'?

Hybrid closed loop system (HCL)

Hybrid closed-loop (HCL) systems, also known as automated insulin
delivery (AID) or artificial pancreas, deliver a variable rate of basal in-
sulin via the insulin pump in response to rtCGM data, guided by math-
ematical algorithms to maintain target glucose levels.' Bolus insulin
administration with meals and snacks containing carbohydrates are still
required with HCL systems. Omission of mealtime boluses can result
in suboptimal glycaemic outcomes. In comparison to standalone CSII,
HCL has been shown to improve HbAlc, reduce the risk of hypogly-
caemia and reduce diabetes-related distress, leading to the NICE TA
recommending wider access.'® Thus, NHS England is rolling this tech-
nology out to over 150,000 adults with TIDM in England as a part of
their 5-year implementation plan.'®

While CSII and HCL technologies are associated with improved gly-
caemic and patient-reported outcomes, their use comes with caveats. In-
sulin pumps deliver rapid-acting insulin without a long-acting insulin.
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Table 1
Inpatient situations to check capillary blood glucose while using a
CGM device.'*

Hypoglycaemia — to confirm hypoglycaemia and ensure it is treated
Symptoms not matching the sensor glucose level

Sensor errors — eg no reading or no arrow

Need for calibration

During and after exercise (physiotherapy sessions)

Acutely unwell

Hyperglycaemic emergencies

Incapacitated patients

This leads to a high risk of ketosis and progression to diabetes ketoaci-
dosis (DKA) in the event of pump failure, tube blockage or cannula dis-
lodgement. Hence, if unexpected hyperglycaemia occurs and infusion
set or pump failure is suspected, people with diabetes are advised to
promptly check ketone and glucose levels, followed by correction doses
via subcutaneous insulin injection and change of their infusion set as
per sick day rules.'*

Management of technology in acute medical illness and special
situations

With the growing use of diabetes technologies in the diabetes popu-
lation, general physicians are increasingly likely to encounter these de-
vices in hospital settings. Below, we describe how a general physician
should approach diabetes technologies during inpatient care, including
the perioperative period and radiological investigations.

Acute medical illness and hyperglycaemic emergencies

CGM

CGM can generally continue to be used in inpatients who are well
enough to self-manage their device alongside CBG measurement.'*
However, in those too unwell to self-manage their diabetes, CBG must be
relied on.'# In patients who are haemodynamically unstable and/or ex-
perience hyperglycaemic emergencies (eg DKA), CBG or venous glucose
measurements should be used for medical decisions,'#!° as currently
there is not enough evidence to support the use of CGM data in diabetes
emergencies.

In the inpatient setting, the blood glucose target should aim at 6-
10 mmol/L (or 6-12 mmol/L) to reduce the risk of hypoglycaemia and
treating for looming hypoglycaemia (4-6 mmol/L). Safety is important
in the hospital; thereby setting high and low glucose alarms at 15-
18 mmol/L and 4-5 mmol/L, respectively, will guide further CBG test-
ing.20

Discrepancies can occur between CGM and CBG values, as CGM mea-
sures the interstitial glucose level as opposed to capillary blood. This
may be more pronounced in the hospital setting due to factors like hy-
povolaemia, site infection, sensor placement, sensor wear time, calibra-
tion issues, extreme temperature, compression at the insertion site, pe-
ripheral oedema or physical activity, necessitating caution in inpatient
use.?! Table 1 summarises scenarios warranting CBG verification.

Insulin pumps and hybrid closed loop

In critically unwell or incapacitated patients and during hypergly-
caemic emergencies, insulin pumps should be removed, labelled and
stored in a safe place. Intravenous (IV) insulin infusions should be initi-
ated immediately, followed by a referral to the inpatient diabetes team
at the earliest possible time.'# In stable patients who are able to manage
their pumps, use of CSII may be continued under close supervision.'*
For HCL systems, if patients are unwell with ketosis, the system should
be switched from automated to manual mode (which stops communi-
cation between CGM and pump, working as standalone pump and sick
day rules should be followed) (Fig. 2, Figs. 3 and 4).'*
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Blood glucose >15 mmol/L and
not responding to bolus
corrections or feel unwell? Check
ketones
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If you are vomiting and unable to
keep fluids down, or unable to
control your blood glucose/

ketones you must go to the
hospital as an emergency.

v

Algorithm 1: No or trace ketones
(blood ketones <1.5 mmol/L)

v

Algorithm 2: KETONES PRESENT
Blood ketones >1.5 mmol/L

'

Minor Illness: Stay in closed loop

!

|

Severe illness: Exit closed loop mode

|

Change cannula, infusion set & reservoir

Calculate average total daily dose (TDD)

y

v

v

e The closed loop system will try and cope
with raised glucose by increasing your
basal and giving corrections

e Check sensor glucose matches blood

glucose

e Check bolus calculator for additional
corrective boluses if BG is raised, even if

you are not eating

e Usual bolus if eating carbohydrate

e Checkglucose and ketones every 2-4

hours

Blood ketones

Blood ketones >3

1.5-3 mmol/L mmol/L
] !
Give 10% of TDD Give 20% of TDD of

of quick acting
insulin using

insulin pen or

insulin syringe

quick acting insulin
using insulin pen or
insulin syringe

]

+

Change cannula, infusion set and reservoir
DO NOT RESTART CLOSED LOOP
Check glucose and ketones in 2 hours

Sip sugar-free fluids (at least 100 ml/ hour)

v
If blood ketones <1.5 If blood ketones >1.5
mmol/L mmol/L
v

Stay in closed loop

If you have been trying to address hyperglycaemia for
more than 4 hours with no improvement, please seek

help.

If you are vomiting and are unable to keep fluids down,
or unable to control your blood glucose or ketones, you
must go to the hospital as an emergency

} v
Blood ketones 1.5- Blood ketones >3
3 mmol/L mmol/L
Give 10% of TDD Give 20% of TDD as
as bolus every 2 bolus via pump
hours and every 2 hours &

increase basal by
30% + usual bolus
if eating (override

increase basal by
50% or more +
usual bolus if

the bolus eating (override the
calculator) bolus calculator)
v ¥

Sip sugar-free fluids (at least 100 mU/hour)
Check glucose and ketones every 2 hours

'

v

Blood ketones
1.5-3 mmol/L

Blood ketones >3
mmol/L

v Y

y

v

If blood ketones <1.5 mmol/L
Before re-entering closed loop, you must
wait 4 hours after the last manual (pen/
syringe) injection of quick acting insulin

Fig. 2. Unexplained hyperglycaemia and sick days rules (adapted with permission from ABCD DTN UK'®:17:18),
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The person with diabetes using wearable technology
Assessment should include blood glucose, blood ketones, +/- arterial venous pH

l

outpatient setting.

Continuous glucose Insulin Delivery R Follow pump/ CSlI
monitoring System i guidelines
v
v v v 4
Is well enough (and Incapacitated/ Requiring ITU Isin DKA/ acutely
wants to) manage unable to self- admission unwell/ septic/
CGM on their own manage CGM hypotensive (systolic
BP <100 mmHg)
¥ v
Continue CGM use. Remove CGM and Leave CGM in.
Leave alarm store in safe place Switch off alarms (if
settings as required to alert

Ensure at least 2
capillary readings

l

medical team,
suggest
hypoglycaemia 4-5
mmol/L and
hyperglycaemia 15-
18 mmol/L)

l

Once BP >100
mmHg systolic and
clinically stable,
CGM can be
continued

v

Confirm CGM
accuracy with CBG
POC reading if
restarting CGM left
in-situ

Fig. 3. Recommendation for use of CGM in the hospital setting (adapted with permission from JBDS-IP guideline'*).

When switching from CSII to insulin infusion or insulin injections,
it is important to administer the alternative form of insulin as soon as
possible (within 1 hour of stopping CSII).>> On restarting CSII, there
should be a 60-minute overlap between IV insulin and CSII ensuring
that glucose and ketones are not rising.?? Patients should be reminded
to give correction insulin if CBG >10 mmol/L using their usual insulin
sensitivity factor.?? If CSII is to be restarted after subcutaneous basal
insulin, the basal rate of CSII should be reduced to 70% for the first 12—
24 h until the effect of long-acting insulin wears off.??> More frequent
monitoring is required during the transition period, starting with 1-2
hourly initially until target range is achieved.?

Perioperative management

CGM

CGM can be continued during minor procedures (eg endoscopies). In
major procedures (>1 missed meal), CGM should be placed away from
the operative site and diathermy and may be used to guide blood glucose
monitoring frequency, but should not be used for treatment decisions.

Blood glucose readings should guide treatment decisions. CGM should
be avoided in cases of intraoperative hypotension or haemorrhage.'*

Insulin pumps (CSI)

Insulin pumps may continue during minor procedures with standard
basal rates. Devices should be kept away from diathermy sites, using
Teflon cannulas only.'# For major surgeries, insulin pumps should be
discontinued and stored in a safe place, and variable rate insulin infusion
(VRII) should be administered.!*

Radiological investigations

CGM

CGM may remain in place during X-ray and CT scans if adequately
shielded, depending on local radiology department guidance.'* How-
ever, CGM should be removed for MRI procedures due to the risk of
device displacement.*
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Fig. 4. Algorithm for management of insulin

The person with diabetes using wearable technology pump in hospital setting (adapted with per-
Assessment should include blood glucose, blood ketones, +/- arterial venous pH

mission from JBDS-IP guideline'*).

v v
‘ Insulin pump/ CSII ‘ Continuous glucose

Follow CGM

monitoring

A 4

guidelines

v ! v

v

A
3 v

Is well enough (and Incapacitated/ Hypoglycaemia Patient in DKA/
wants to) manage unable to self- CBG <4 mmol/L acutely unwell/
pump on their own manage insulin septic/
pump/ unwell or not hypotensive/
eating/ drinking requiring ITU

v

Continue infulin Start alternative Hypoglycaemia
pump but review 1- insulin (IV/ SC) treatmer\t a§ per
2 hourly as local guidelines.
appropriate Remove (or pause)
Pump
(subcutaneous
cannula may be left
in-situ for 3 days)

Remove pump and
tubing if possible

A

Start IV insulin
infusion (FRVII/
VRIII) as per local
protocol. Remove
pump and tubing if
possible.
Refer to diabetes
team

i l

Hypoglycaemia

treatment

persists despite 2 successfully treatment
rounds of hypo and CBG .4 mmol/L

Hypoglycaemia

Re-start insulin
pump review
settings with

diabetes team

Insulin pumps (CSII)
Insulin pumps may also be continued during X-ray and shielded dur-
ing CT scans. For MRI, the insulin pump should be removed.'*

Conclusion and future directions

The use of diabetes technologies is increasingly widespread, with
general physicians encountering more patients using these devices.
However, the development of inpatient care pathways and out-of-hours
support from diabetes teams remains inconsistent across hospitals.”>2°
Additionally, other diabetes technologies such as smart connected pens,
digital platforms and the use of virtual reality living are also expanding
rapidly. Hence, it is essential for HCPs to broaden their understanding
of these technologies. Providing education to HCPs outside the diabetes
specialty is vital to support patients using such devices. Improving ac-
cess to CGM reports via electronic health records may enable general
physicians to make insulin adjustments during inpatient care. Nonethe-
less, further research is needed to support the use of technology in inpa-
tient settings and diabetes emergencies. Such advancements could help
reduce the burden to HCPs and improve the care for people living with
diabetes by reducing the amount of CBG testing and optimising insulin
dosing.
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