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“The Miracle of Insulin”
11th January 1922



…. But not a cure

• Frederick Banting, Nobel prize acceptance 
speech:
“Insulin is not a cure for diabetes; it is a 
treatment. It enables the diabetic to burn 
sufficient carbohydrates, so that proteins and 
fats may be added to the diet in sufficient 
quantities to provide energy for the economic 
burdens of life.”



A life-saving treatment

• Died aged 27 from pneumonia

Leonard Thompson:

• Started insulin aged 13, weighing 45 
lbs and barely able to walk

• Died of “natural causes” aged 73

Elizabeth Hughes:





1941 Clinitest®

1956 Urine dip-stick

Glucose testing



Blood glucose testing



Insulin delivery devices: syringes
• 1924: First specialised 

insulin syringe (BD)

• 1954: First disposable 
glass syringe (BD)

• 1955: First disposable 
plastic syringe (Roche)

• 1983: U100 insulin 
syringes



Insulin delivery devices: pens
• 1985: Novopen 

launched
• Other manufacturer 

specific pens 
launched by Sanofi 
and Lilly, along with 
some generic pens

• 2007: Lilly launch 
Humapen Memoire

• 2017: First Smart Pen 
InPen launched





The Quest for the Holy Grail



Insulin pumps – The Mill Hill Infuser



Diabetes Care 1983;6:452-8



… but is pump therapy safe



Insulin pumps: 
commercialisation







Insulin Pumps back in the UK



Disetronic 
H-tron plus

Animas 
Ping

Medtronic
Paradigm 
Veo

Roche
Accu-Chek 
Combo

Dana 
Diabecare 
R 

Pump 
features

Basal 
increment
(range)

0.1 U 
(0.1-10)

0.025 U
(0.025-25)

0.025 U 
(0.025-35)

0.01 U
(0.05-50)

0.01 U

Basal 
change

60 minutes 30 minutes 30 minutes 60 minutes 60 minutes

Basal 
profiles

1 4 3 5 4

Bolus types Standard Standard, 
extended, 
dual

Standard, 
extended, 
dual

Standard, 
extended, 
dual 

Standard, 
extended, 
dual

Bolus 
increments

0.5 U 0.1 U
(max 35)

0.1 U
(max 75)

0.1 U 
(max 50)

0.05 U

Calculator No Yes Yes Yes Yes

Sensor + No Imminent Yes No No





Five Nations Study

Hoogma et al, Diabetic Medicine 2006;23:141-148



Evidence-based Clinical Practice



NICE TA 151
• CSII for adults and children (≥12 years) with 

T1DM after optimised MDI if: 
– Occurrence of “disabling hypoglycaemia”
 OR
– HbA1c persistently ≥8.5% (≥69 mmol/mol)

• CSII is recommended as a treatment option for 
children (<12 years) where MDI is considered 
inappropriate.

• Initiation should be by a trained specialist team.
• CSII therapy is not recommended for the 

treatment of people with type 2 diabetes 
mellitus.

NICE. CSII for the treatment of diabetes mellitus. TA 151. 
London: NICE; 2008 (www.nice.org.uk) 



Meta-analysis CSII vs MDI: HbA1c
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Difference in HbA1c = –3.6 (SE 0.62) + 
0.52 (SE 0.077) x mean HbA1c in MDI 

Pickup JC, Sutton AJ (2008) Diabetic Medicine 25: 765–74

CSII = continuous subcutaneous insulin infusion; MDI = multiple daily injections



Hypoglycaemia: CSII vs MDI

25
Pickup JC, Sutton AJ (2008) Diabetic Medicine 25: 765–74

CSII = continuous subcutaneous insulin infusion; MDI = multiple daily injections

Hypoglycaemia rate on MDI (episodes per 100 patient years)
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Year starting pump therapy



How to get the best HbA1c?

Wilkinson J et al. Diabetic Med 2010;27:1174-7



How to get improvement in HbA1c?

Wilkinson J et al. Diabetic Med 2010;27:1174-7



Bolus frequency and control

Chase et al, Diabetes Care 2006;29:1012-1015



“Super Bolus”

Walsh J & Roberts R, Pumping Insulin 4th Ed



Harrogate experience – HbA1c
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CSII: sustained improvement

Beato-Vibora P et al. Diabet Med. 2015;Online first



Harrogate – improved HbA1c
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All patients        Baseline HbA1c > 7.5%

79-96% users have improved HbA1c at any time point



What about the individual?
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Omnipod 
patch pump

Animas 
Vibe*

Medtronic
640G*

Roche
Insight

CellNovo 
patch pump

Pump 
features

Weight 25 g 105 g 96 g 122 g 30 g

Basal 
increment

0.05 U 
(0.05-30)

0.025 U
(0.025-25)

0.025 U
(0.025-35)

0.01 U
(0.02-25)

0.05 U
(0.05-30)

Basal rate/d 24 @ 30 min 12 48 24 24
Basal profiles 7 4 8 5 20
Basal deliver 0.05 u pulse 3 min 10m (0.2-60) 3 min ?0.05u pulse
Extended 
bolus

30 min steps 
up to 8 h

30 min steps 
up to 12 h

30 min steps 
up to 8 h

15 min steps 
up to 24 h

30 min steps 
up to 8 h

Bolus 
increments

0.05 U
(max 30)

0.05 U
(max 35)

0.1 U
(max 75)

0.05 U 
(max 25)

0.05 U
(max 30)

Occlusion 
alarm

? 1.5-3h 2-3.8h < 2h Max 16h

Insulin vol 200 u 200 u 180 u 160 u 170 u

*Sensor augmentation option



CGMS



Minimed – CGMS



Guardian RT 640G Smart 
guard

DexCom G4 
Platinum

Freestyle 
Navigator II

Sensor life 6 days 7 days 5 days

Alarms Multiple 1 high, low and 
trend

High, low and 
projected

Predictive Yes No Yes
Trends Yes Yes Yes
Rate change Yes No Yes

Calibration 12 hrly 2h, then 12 hrly 1, 2, 10, 24, 72  h

MARD 13% 12.6% 11.8%



HW 32F Pregnant - Alarms



CR 40F Hypoglycaemia unawareness



CR 40F Man vs machine





UC201101075EE

Self-taught SAP vs CSII

O’Connell MA et al. Diabetologia 2009;52:1250-1257



Meta-analysis: T1DM
Individual Patient Data: HbA1c

Pickup J et al. BMJ 2011;343:d3805



Meta-analysis: T1DM
Individual Patient Data: Hypo

Pickup J et al. BMJ 2011;343:d3805

Overall mean 
AUC hypo difference
-0.28 (-0.46, -0.09)
(23% reduction in
hypo exposure)
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Meta-analysis: IPD
Impact of variables

Pickup J et al. BMJ 2011;343:d3805



Insulin pump with low-glucose suspend 

• CGM-linked insulin 
pump suspends for 
up to 2 hours if blood 
glucose falls below 
set threshold

• May help to prevent 
severity of 
hypoglycemia



NG17: CGM
• Do not offer real-time continuous glucose monitoring routinely to 

adults with type 1 diabetes.
 
• Consider real-time continuous glucose monitoring for adults with 

type 1 diabetes who are willing to commit to using it at least 70% of 
the time and to calibrate it as needed, and who have any of the 
following despite optimised use of insulin therapy and conventional 
blood glucose monitoring:
– More than 1 episode a year of severe hypoglycaemia with no obviously 

preventable precipitating cause.
– Complete loss of awareness of hypoglycaemia.
– Frequent (more than 2 episodes a week) asymptomatic hypoglycaemia 

that is causing problems with daily activities.
– Extreme fear of hypoglycaemia.
– Hyperglycaemia (HbA1c level of 75 mmol/mol [9%] or higher) that persists 

despite testing at least 10 times a day (see recommendations 1.6.11 and 
1.6.12). Continue real-time continuous glucose monitoring only if HbA1c 
can be sustained at or below 53 mmol/mol (7%) and/or there has been a 
fall in HbA1c of 27 mmol/mol (2.5%) or more

NICE clinical guideline NG17: Type 1 Diabetes in Adults



Flash glucose sensing: 
Freestyle Libre

The FreeStyle 
Libre reader

The 
FreeStyle 

Libre sensor

The 
FreeStyle 

Libre 
software



Ambulatory glucose profile 
(AGP)



Closed loop 
insulin delivery 
– “The Holy 
Grail”



The Challenge in Type 1 Diabetes



Automated Insulin Delivery Systems

Figure adapted with permission from Lewis D, Automated Insulin Delivery, ISBN 9781797763699, 
https://www.artificialpancreasbook. com Dana Lewis 2019 and  taken from

Marshall, Holloway, Korer, Woodman, Brackenridge, Hussain, Diabetes Ther. 2019

AIDS
APS –Artificial pancreas system
AID system
HCL – hybrid closed loop



My insulin #Pump 
(link: https://bionicwookiee.com/2018/10/12/my-insulin-pump/) 
bionicwookiee.com/2018/10/12/my-… #AccuChek #Android #AndroidAPS 
#Dexcom #Diabetes #G5 #Looping #OpenAPS #OzDOC

#WeAreNotWaiting



Open APS twitter users
Litchman et al. J Diabetes Sci Technol 2018: ePub before print





Hybrid 
Closed 
Loop 
Systems



NHSE Pilot

• 570 pilot patients – 520 HCL users
• At baseline on CSII + FGM for at least 6 months and 

HbA1c > 69 mmol/mol
• 69% female; 39% from 2 most deprived quintiles
• 46% Medtronic 780G
• 37% Tandem Control IQ
• 96% time spent in closed loop

Crabtree T et al. Diabetes Care 2023;46(10):1–8 | https://doi.org/10.2337/dc23-0635



NHSE Pilot – HbA1c

78.9

62.1

Crabtree T et al. Diabetes Care 2023;46(10):1–8 | https://doi.org/10.2337/dc23-0635





Commercial Closed Loop Systems
Medtronic 780G Tandem Control IQ Cam APS Omnipod 5

Pump

CGM

Target 5.5 (default), 
6.1 or 6.7 mmol/L

Range 6.3-8.9 mmol/L 
daytime; 6.3-6.7 mmol/L 
overnight; 7.8-8.9 mmol/L 
activity

Personalised target: 4.4-11.0 
mmol/L – default 5.8 mmol/L

Personalised target: 6.1-8.3 
mmol/L

Variables Active insulin time
I:C ratio

I:C ratio
Insulin sensitivity factor
Basal rates

I:C ratio
Weight
Slowly absorbed meal
Correction bolus

Active insulin time
I:C ratio
ISF for manual correction

Insulin 
delivery

Basal insulin adjusted 
every 5 minutes

Basal insulin adjusted only 
if SG predicted to exit 
range

Basal insulin set to zero: 
extended bolus given every 
10-12 minutes

Basal insulin adjusted every 
5 minutes

Connectivity Minimed Mobile and 
Carelink Connect App
Carelink

Glooko-Diasend CAMAPS FX
Glooko-Diasend

Glooko-Diasend

CE license 
(age)

>7 years
Pregnancy

>6 years >1 years
Pregnancy

>2 years



Feig DS et al. Lancet 2017;390:2347-59

CGM in pregnancy: CONCEPTT



Mean time in target:

68.2 +/- 10.5% HCL

55.6 +/- 12.5% Standard

P < 0.001

Lee TTM et al. N Engl J Med 2023;389:1566-78. 

12 device adverse effects:

One severe hypo due to an incorrect bolus

One hyperglycaemic event so stopped HCL

One moderate ketosis with O/N loss 
bluetooth

HCL Target: 
5.67 +/- 0.11 mmol/L at start
5.17 +/- 0.28 mmol/L at end

HCL in pregnancy: AIDAPT



Gone …. and forgotten?



Thought for the year - 2017!

• The hybrid closed loop is within reach
BUT improvements are needed:
• Pump reliability
• Infusion set technology
• CGM accuracy
• Cyber security?!



Guenego et al. 
Diab Tech Ther 2016;18:820-4

Pump Failure Rates



Swan et al, Diabetes Care 2009;32:240-244

Time from catheter insertion



Infusion set failure

Patel P et al. Diab Ther Tech 2014;16:15-9





Technological limitations

Hovorka R Diabet Med 2006;23:1-12



Improving HCL performance
• Form and function
• Interoperability
• Meal detection
• Activity detection
• Fully closed loop?
• Bihormonal systems?
• Variable active insulin 

time??!!

• Equity of access AND 
equity of outcome



Meal Detection Algorithm

Palisaitis E et al. Diabetes Care 2021;44:604-6 



Closed loop with heart rate signal

Breton MD et al. Diab Tech Ther  2014;16:506-11



Insulin action – dose-response curve

Woodworth et al. Diabetes 1993;42(Suppl. 1):54A



The e-mosquito The contact lens

Wang G et al. IEEE Transactions Biomed Circ Sys 2017;11:979-87 Chen C et al. Sensors 2017;17:182



The Future
• Further refinement of existing 

technologies

• The next “Holy Grail”
– Stem cells
– Transplantation
– Gene Therapy
– Immunotherapy
– Gluco-responsive insulin



Thanks!

• My team: Janet and Sandra
• My DTN colleagues: particularly Emma, Pratik and 

Alistair
• My collaborators on NICE, research projects, service 

development
• The people with Type 1 diabetes who we’ve looked after 

and those who have supported our efforts to push 
technology into the mainstream


