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Context of current technologies
Flash glucose monitoring
Insulin pumps

Hybrid closed loops

The future



Toronto 1922



‘Unspeakably wonderful!’ Elizabeth Hughes 1907-1981




Cause of death in diabetes
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24-hour plasma glucose and insulin profiles in healthy
Individuals

Glucose homoeostasis

—8
0.08 — -y
L5 =
E
\M B é
3 ‘g
-
< L2 8
S 0.04— O
i
= —0
0 -
F Y & &
08.00 13.00 18.00 19.00
Time of day (h)

©Elsevier Science. Reproduced with permission from Elsevier Science (The Lancet, 2001, Vol 358, pages 739-
746).






Severe Hypoglycaemia: prevalence

—_—
<
J

o
oo

S
=N

<
>

Proportion reporting at least
one severe hypoglycaemic episode

=

o
L
=

S

Treated with <2 years >5 years <Syears  >15 years
sulphonylureas  of insulin treatment of insulin treatment

0.0

Type 2 diabetes Type 1 diabetes



Hypoglycaemia

Adrenaline counter-regulatory response
3.3 - Sympathetic neural

symptoms
2.8 - Neuroglycopenic symptoms

Coma and or seizure

Neuronal death (brain
death)
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Defective glucose counter regulation

\V Adrenaline counter-regulatory response
Neuroglycopenic symptoms

Coma and or seizure

Neuronal death (brain
death)

Amiel et al, Diabetes 1988
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Hypoglycaemia Assocliated Autonomic
Fallure

Sympathetic neural
symptoms

Coma and or seizure

Neuronal death (brain
death)
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The minimal model Subcutaneous continuous
of glucose Kinetics. glucose monitoring
Bergman and Cobelli, /
AJP, 1979. Mini?d
CGM?
1999. |
Backpack insulin and
glucagon pump;
Kadish, 1964,
Blood glucose meters and insulin
|1 pumps becoming smaller
‘ X
1960s T 19805 19905
Models of diabetes becoming
larger and more complex
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Insulin_ Glucagon

1920s 1980s 2006 2013 / 2015 2014 2019 2020
Insulin 1st commercialized Sensor augmented | GS / PLGS SAP 1st major dual Commercialized HGL 18t CE mark in dual\hormone
discovered SubQ insulin pump  pump (SAP) hormone HCL study  (Control IQ) system (Inreda APS)
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Insulin pump closed—loop studies  based HCL study  (Minimed 670G) (CamAPS FX) (Minimed 780G)
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FreeStyle Libre
T1 % Adoption 2019

Primary and Secondary
Care Prescribing

April 10.7%




FreeStyle Libre
T1 % Ad()pti()l]
2021

Primary and Secondary
Care Prescribing

September 50%
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Freestyle Libre 2

46 countries

>2 million users
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What do the arrows mean?

A > 0.11 mmol/l / min Average 7 mins At least 3 mmol/l

7 Between 0.11 and 0.06 Average 15 mins 2-3 mmol/min
mmol/l / min

- Less than 0.06 mmol/min  More than 20 mins < 2 mmol/l

AV Between 0.11 and 0.06  Average 15 mins 2-3 mmol/min

mmol/l / min

N7 > 0.11 mmol/l / min Average 7 mins At least 3 mmol/l

edinburghdiabetes.com

488N DTN(IUK

collaborate - evolve - support

Association of British Clinical Diabetologists
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Libre criteria

Checking > 8 times
Cystic fibrosis
Pregnancy: for
If carers are required t
Occupational or psy th trial
Severe hypogl| lycaemia
Frequent admiss
la and have shown

Previous self funders 0 would have met cri

Improvement in HbAlc
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NICE update 2022

® Offer adults with type 1 diabetes a choice of real-time
continuous glucose monitoring (rtCGM) or intermittently
scanned continuous glucose monitoring (IsCGM, commonly
referred to as 'flash'), based on their individual preferences,
needs, characteristics, and the functionality of the devices
available.
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Glucose pattern insights

Monthly Summary Glucose Pattern Insights
31 December 2019 - 13 January 2020 (14 Days)

LibreView
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Glucose pattern insights
Monthly Summary

Daily Log

Snapshot

Mealtime patterns

Weekly summary

Daily patterns
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% Time Sensor is Active 37% — Very High
AGP Report =13.9 mmol/L
RA

Ranges And Targets For Type 1 or Type 2 Diabetes
Glucose Pattern InSIghtS Glucose Ranges Targets % of Readings (Time/Day) H ig h
Target Range 3.9-10.0 mmol/L Greater than 70% (16h 48min) 10.1-13.9 mmol/L
Monthly Summary Below 3.9 mmol/L Less than 4% (58min)
Below 3.0 mmoliL Less than 1% (14min) 13.9 Target Range
Daily Log Above 10.0 mmoliL Less than 25% (6h) 3.9-10.0 mmollL
Above 13.9 mmol/L Less than 5% (1h 12min) 10.0
Snapshot Each 5% increase in time in range (3.9-10.0 mmol/L) is clinically beneficial. 2 g - Low
3.0 B 2 0- 328 mmolll
. Average Glucose 14.1 mai '
Mealtime Patterns Gl M t Indicator (GMI 9.4% 79 Iimol
ucose Management Indicator ( ) 4% or 79 mmol/mo Very Low
Weekly Summary Glucose Variability 49.9% <3.0 mmoliL
Defined as percent coefficient of variation (%CV); target =36%
Device Details
AMBULATORY GLUCOSE PROFILE (AGP)
Dai IY paﬂerns AGP is a summary of glucose values from the report period, with median {(50%) and other percenfiles shown as if occurming in a single day.
21.0mmollL
5%
13.9 -’\ ~50%
25%
5%

r 10.0

Target Range

s

~ 3.0 N
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How to measure glucosé”
control: time In range

HbAlcC . TIR

" Older/High-Risk: Pregnancy: Pregnancy:
ngfa & Type 2 Type 1 & Type 2 Type 1 Gestational & Type 2
Diabetes Diabetest Diabetes$
Target Target Target
>250 mg/dL. >250 mg/dL. >140 mg/dL
(13.9 mmollL) E o (13.9 mmollL) ],! - <10% (7.8 mmollL)
>180 mg/dL ‘ >140 mg/dL <25%
b mm"‘gﬁ) <25% (7.8 mmollL)
>180 mg/dL 4
(10.0 mmollL) <50%
Target Range:
63-140 mg/dL
Target Range: Target Range: (3.5-7.8 mmoliL)
70-180 mg/dL >70% 63-140 mg/dL >70%
(3.9-10.0 mmoliL) Target R ) (3.5-7.8 mmolL)
70180 mg/dL .
(3.9-10.0 mmoliL) Pt

<4%"

<70 mg/dL (3.9 mmollL) 1% <70 mg/dL (3.9 mmoliL)

<54 mg/dL (3.0 mmolL)

<4%"" <63 mg/dL (3.5 mmol/L)
<1% <54 mg/dL (3.0 mmol/L)

<63 mg/dL (3.5 mmollL)
<1% <54 mg/dL (3.0 mmollL)

o For age <25 yr., if the A1C goal is 7.5%, then set TIR target to approximately 60%. (See Clinical Applications of
Time in Ranges section in the text for additional information regarding target goal setting in pediatnc management.)
t Percentages of time in ranges are based on mited evidence, More research is needed.

§ Percentages of time in ranges have not been included because there is very limited evidence in this area. More
research is needed. Please see Pregnancy section in text for more considerations on targets for these groups.

* Includes percentage of values >250 mg/dL (13.9 mmolL).
** Includes percentage of values <54 mg/dL (3,0 mmollL).




Frequency of Retinopathy >

60%

50%

40%

30%

20%
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Validation of TIR

58%

<10%
N=26

10-<20% 20-<30% 30-<40% 40-<50% 50-<60% 60-<70% 270%
N=124 N=234 N=271 N=319 N=300 N=125 N=41
Percent Time in Range (70-180 mg/dL)

Beck et al, Diabetes Care. 2019 Mar; 42(3): 400—405.



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6905478/
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Medtronic 780G Omnipod dash T:slim X2
weight 102g 269 113g

Waterproofing 3.6m for 24 hours 7.6m for 60 mins 1.3m for 30 mins

Capacity 180 or 300 units 200 units 300 units

CGM integration Guardian link and X Dexcom G6
enlite sensors
Min basal 0.025 units 0.05 units (0.0 units) 0.1 units
Bolus settings Min 0.025 0.05,0.1, 0.5 0.05 units

increments
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Continuous Glucose
Monitoring criteria
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NICE update 2022

® Offer adults with type 1 diabetes a choice of real-time
continuous glucose monitoring (rtCGM) or intermittently
scanned continuous glucose monitoring (IsCGM, commonly
referred to as 'flash'), based on their individual preferences,
needs, characteristics, and the functionality of the devices
available.
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Dexcom G6

10 days sensor

No calibration

Share with up to 10 followers

Customisable alarms
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Medtronic guardian
connect

®* Predictive low alerts
® 6 day sensor life

® Care partners can receive SMS
alerts




Eversense XL 90 day implantable glucose sensor

5-minute Office Procedure of Sensor Insertion

1. 5 to 8 mm incision in upper
arm under local anesthetic |

2. Sensor inserted with
custom inserter

3. Steri-strips to close
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Hybrid closed loops

o
commuous,'
GLUCOSE ¢
'SENSOR ¢ CONTROL
N ALGORITHM

@ INSULIN
N PUMP

'c.'é/—\

'i ’RF Information & support Our research Get involved News & media Aboutus For profess

@ + News * NHS pilot of hybrid closed loop systems successful in improving lives of people with type 1 diabetes

NHS pilot of hybrid closed loop systems
successful in improving lives of people with
type 1diabetes

Posted on O1 April 2022
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/80G hybrid closed loop

Guardian Sensor 3
. ‘/ Infusion site

Guardian Link 3
Transmitter

Insulin pump with
hybrid closed loop

( ~)technology
'II —— N
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/80G hybrid closed loop

SmartGuard™ technology helps prevent highs & Lows

Gives you more insulin if you’re

trending high*
Gives you less insulin if you’re

trending low*

16:00

Adjusted small auto correction dosing, up to every 5
minutes®

@ Glucose Levels Basal Insulin © Auto correction bolus




Percentile companson

==

25-T5%

.. :0-90%

- Average

"9

G _—.__.-__.-._\____ p— - L . F . I - e . o = 1 . "
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12AM 1AM ZAM 3AM 4AM S5AM BAM TAM  BAM  BAM  IDAM  T1AM  1ZPM 1PM 2PM 3PM 4PM SPM GPM TPM &PM OPM 10PN T1PM 12AM
cmm@ e o a
e
| Hypoglycemic pattems (1) # Episodes (per day): 1.1 | Hyperglycemic patterns (4)** # Episodes (per day): 1.6
1:00 PM - 1:59 PM e 12:00 AM - 12-59 AM 3:00 PM - 3:50 PM G200 PM - 6:59 PM
(& DCCUMTENCES) {5 ooccurrences ) {5 occumences) {4 DCourmences)
® SmartGuard Exits ® Statistics ®
2%
10% Na Calibration .1 - SmartGuard (per week) 84% (6d 14h) -
Manual kod k 6% (10h -
SmartGuard max delivery 0 nual Mode: (per week) (10h]
Sensor Wear (per week) B5% (&d 05h) -
o S e e el aE Average SG £ 8D 7T+25mmolll -
E - B required for SmartGuard i G 6.3% (45.6 mmolimol) -
- Low / High 5G Aleris (per d 261131 -
L 1% g Sensor Updating 0 = _izhot
E = O Average BG 7.6+31mmoll -
= Mo &G walues o - BG / Calibration (per day) 25121 -
Sensor Expired sase d 5 Totsl daily dose (per day) BE.B units -
9 =
SmartGuard disabled by H B Bobus amount (per day) 57.4U (66%)
Auio Comection amount {per day) 4. BU (8%) -
5% Prolonged Suspend . #utn Basal / Basal amount (per day) 29.4U (34%) .
SEmartGuard YWarm Up o - Set Change Never -
22 13 10 - Reservoir Change Every 2.5 days -
I - Unkianklied '
ﬂ} Meal (per day) 65 -
* WAnsh Mecent pump SeTings are dsplayed Carbs entered (per day) 442+121g =
“* Oyl higheest pciity Shown. s
= Ghaosd Management indicatn ’ G Active Insulin ime 3:00 hrs -
e

This report is compatible with the Ambulatory Glucose Profile calculations used by the International Diabetes Center
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Morchivy 24001

Tuesday 2501
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Carbs {g)

ovemignt

beoakias

z 4

Waednesday 26/01

= 8

Thursclyy 27/01

Friday 28001

dinner

Bolus {U)

Carbs {g)

") Bcoa Glucose
») Cabtrramn

syeamight

breatisst

breakfast lunch

1 T

36.6(4) 10.2{2) 201()

300(4) | 22|

Exit Reason Details ——

1 - Sensor Expired
New sensor needed 10 be insarted.




The Newcastle upon Tyne Hospitals NHS|

NHS Foundation Trust

Tandem Control 1Q

(all adjustments based on 30 min predicted BG)

3&

Control-iQ Sleep Activity Exercise Activity
: Delivers an automatic correction bolus if sensor
Q Delivers : | i --
n glucose is predicted to be above 10.0 mmol/L 10.0 10.0
Increases basal insulin delivery if sensor
o Increases . 8.9 6.7 8.9
B glucose is predicted to be above _8.9
mmol/d
e : ‘ Maintains active Personal Profile settings when 6.25-8.9|6.25-6.7
”~ . = . . = . 7.8 > 8.9
. Maintains sensor glucose is between 625 - 89 mmol/L
o ﬁ Decreases Decreases basal insulin delivery if sensor 6.25 6.25 7.8
C 2T O . ' .-
: glucose is predicted to be below 6.25 mmol/L
e Stops basal insulin delivery if sensor
. P glucose is predicted to be below _3.9 mmol/L

mmol/L
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¥ @ 90% m 9:41 PM

A

DASHBOARD INSULIN POD INFO

0B 0.15U

121©

mg/dL

DEXCOM CGM

LAST BOLUS

6.05 |/

Units

CGM GRAPH

Mar 10 (7:32 pm) VIEV

©

Pod and Dexcom G6® shown without the necessary adhesive.
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Dual hormone pump

2. Control System 3. Insulin and glucagon
jrmdnn administration

"j Insulin  Glucagon

1. Glucose
Measurement



Medtronic inpen

E Calculate Dose

118 meia 4.0 0

Carrant Glucnss ficiree | remgln

Paired with the Inpen app which
IS also linked with guardian
sensor

Dose advice

Dose calculator

Dose reminder

Carb counting support
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DIY artificial pancreas

LibreVisew b 4 @ Welcome to the AndroidAPS dor X + |£@|ij
“— C { & https//androidaps.readthedocs.io/en/latest/EN/ w O

Docs » Welcome to the AndroidAPS documentation ¢ Edit on GitHub

Search docs

Welcome to the AndroidAPS documentation

= English
Getting started AndroidAPS is an open source app for people living with insulin-dependent diabetes that acts as an
sl [ e artificial pancreas system (APS) on Google Android smartphones. Main components are different

How o Install AndroidAPS openAPS software algorithms which aim to do what a living pancreas does: keeping blood sugar

levels within healthy limits by using automated insulin dosing (AID). Additionally, you need at least

C t Set . . .
LS L a supported and FDA/CE approved insulin pump and continuous glucose meter.

Configuration
Android APS Usage The app does NOT use self-learning artificial intelligence. Instead, the calculations of AndroidAPS
are based on the individual dosage algorithm and carbohydrate intake the user manually puts into

General Hints

his treatments profile, but they are verified by the system for safety reasons.
AndroidAPS for children

Troubleshooting The app is not provided in Google Play - you have to build it from source code by yourself for legal

FAQ reasons.
Glossary

Main components are:
Where to go for help

For Clinicians

How to help
Cesky (Czech)

Nenterh (Garmani

& Read the Docs




LibreView »

6

[ OpenAPS.org — #WedrehotWai

cC O

@ https://openaps.org

OPENAPS.ORG

#FWelreMotWaiting to reduce the burden of Type 1 diabetes

OpenAPS Is Designed For Safety

OpenAPF5 meaans basic closed loop APS

technology is more widely available to anyone

with compatible medical devices who is willing to

build their own system.

-+

What |s #0penAPS? Frequently Asked Questions

InThe Mews Research

How Do | Get Started?

The documentation and reference design
implementation code is available on Github. Take
a look below for FAQs, reference design, and
links to open source repasitory and

documentation.
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DoenAPS Reference Design OpensPSs Qutcomes

Does It Really Work For Everyone?

OpenAPS follows the same basic diabetes math
that a personwould do to calculate a needed
adjustment to their BG - but it is automated and

nrecise.

= | @[ 32
w O
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Immediate future

Mobile phone bolusing: Tandem Mobi
Smaller insulin pumps
Smaller continuous glucose monitors dexcom G7

Patch continuous glucose monitors
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Summary ’

® There has been huge incremental progress in diabetes self-
management technologies

® Type 1 diabetes still requires injected insulin Fastidious
ongoing self-management without respite

® |nnovation needs to combine education with technology even
for closed loop

® Evidence needed for all potential user groups assess breadth of
biomedical / psychosocial outcomes



Living the Dream: Becoming a UK
Soccer Star with Type 1 Diabetes

- L




