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Terminology- the “artificial pancreas”

• Sensor augmented pump- sensor data display on pump but no automatic 

alteration to insulin delivery by pump (alarms can be set for high and low 
levels)

• Sensor integrated pump – sensor data displayed on the pump and pump acts 

on sensor data and can either
• Suspend insulin delivery at preset threshold (threshold suspend)
• Suspend insulin delivery in advance of preset sensor threshold based on a predictive 

model (predictive low glucose suspend eg Medtronic 640G)
• Automatically adjusts basal insulin based on sensor data with user input required for 

meal boluses- Hybrid Closed Loop  eg Medtronic 670G “automode”
• Automatically delivers meal, correction and basal insulin – (fully) Closed Loop

Diabetes Technology and Therapeutics 2017; 19:379-80 Cohen et al.



Obstacles to “closed loop”

• Delay in onset of insulin action- hence development of new insulins 
such as “Fast Novorapid ™”

• Reliability of sensors (need < 10% MARD)
• MARD = Mean Absolute Relative Difference is calculated as relative deviation 

(as a percentage) from reference – reference is measured with a YSI glucose 
analyzer) 

• Dexcom G5™ and Guardian 3™(Medtronic)
• Algorithms which can anticipate meal behaviours with variability in 

timing and size of meals

• Impact of exercise changing standard arithmetic calculations of insulin 
behaviour in an individual



CGM metrics- consensus guidelines to 
compare outcomes

Time in range (defined 
as 4-10mmol/L)/ time 

above/time below

% Hypoglycemia <4.0 
mmol/L 

%severe hypoglycemia 
<3.0 mmol/L

Mean glucose

SD

CV (=SD/mean glucose 
x100%; stable CV <33%)

Sleep ranges defined as 
12AM – 6AM

MARD of sensor <10% 
Reliability of sensor

% of possible readings

CGM reports should be 
reproducible across all 

devices 

“as readable as an ECG”

CGM displays should 
highlight actionable data 



Hybrid Closed Loop

• Definition: automatically adjusts basal insulin based on sensor data 
with user input required to manually deliver meal boluses

• Only FDA approved HCL is Medtronic 670G 

• “Manual mode” operates as a 640G. “Automode” is HCL
• Currently available in Australia in clinical trials only – paediatric and 

adult centres in WA, SA, Vic, Tas and NSW

• Anticipated >12 months before available in Australia (and will likely 
come with phone linkage of CGM data in the next iteration)

• Relies on continuous glucose monitoring so funding for this is 
required or it is going to limit the Australian market 



Hybrid Closed Loop safe guards

01
02 03

Safe basal (“limp mode”) –
calculated by pump for each 

individual and activates when

device is not optimally delivering-

pump no longer adjusts basal 

insulin based on CGM data 

• minimum delivery for 2.5 hours

• maximum delivery for 4 hours

• >35% difference between 

calibration and sensor reading

• “historical” basal for time of 
day

Drops out of automode when 

• 4 hours of high readings not 

responding to increased 

insulin delivery

• 2 hours of hypoglycaemia 

despite cessation of insulin 

delivery

• Sensor reading lost for 90 

mins and unable to re-

establish contact with 

sensor

• Calibrate now alert- if dont

calibrate then takes pump 

out of auto mode

Manual mode- all users begin in 

manual mode for 48 hours before 

switching over to auto-mode: the 

"dating period" 

Manual mode is the default set up 

in the event of  dropping out of 

auto-mode or if a user chooses to 

use manual mode at any time



Hybrid Closed Loop 

Forget what you know 
about insulin pumps in 
terms of basal deliver-
Closed loop operates 
completely differently 

1

Basal is essentially 
made up of multiple 
mini boluses and stops 
which are iterated to 
an individual response

2

Run pump in manual 
mode for first 48 hours 
before go into closed 
loop

3

In auto mode there are 
no more…
• Basal rates or temp rates

• Square or dual wave bolus

• Bolus overrides

4



What the patient sees?

As CGM Shield with current sensor glucose



Goals at start of 
therapy

• Expect to achieve (real 
world and PIVOTAL trial)

• 74% time in target

• <3% time in 
hypoglycemia

• Mean glucose 8.5 
mmol/L 

• Maximise the time in 
auto mode

• Focus on amount of 
time in target range 4-
10mmol/L

• Focus on hypoglycemia 
prevention 

• Trouble shoot 
automode “drop outs” 
and sensor issues- eg
finding the best position 
for sensors 



Role of HCP • Need to set up manual mode 
and this is used for pump 
start up

• Note manual mode basal and 
insulin sensitivity settings 
have no subsequent bearing 
on auto mode function

• Only two settings the health 
professional can alter in auto 
mode - the carbohydrate 

ratio and the active insulin 

time

• In general carbohydrate ratio 
needs to be set 10% stronger 
in auto mode

• Review carbohydrate ratio 
and effectiveness

• Review why dropping out of 
automode

• Review time in target and 
mean glucose – improving 
from last report?

• Review manual settings

• use total daily insulin 
and percentage basal to 
check against back up 
manual settings

• What happens when 
drop into manual mode



Calibration alerts

• Calibrate now alert

• happens any time the pump detects a change 
in sensitivity of the sensor– night or day

• If calibration not accepted then have to do 
another calibration test but wait 10 – 15 mins if 
this occurs

• If Sensor Glucose is not available then can’t do 
any calibrations until re-establish link with sensor







Hybrid Closed Loop – user experience
“Like one of those team-building exercises where you cross your hands and 
fall backwards, counting on your peers to catch you, the 670G requires us to 
let go of elements of diabetes control that for years have bordered on 
sacred”.
“Strange at first, but I found this to be amazingly liberating once I got my 
head around it”.
“The hardest thing for me personally, was not having a quick and easy way to 
look at my CGM value and trend. In auto mode, the pump only displays a 
blue shield icon with your latest number, and sometimes a trend arrow if it’s 
changing rapidly. I’m used to thinking about the level and trend of my sensor 
info constantly so that I can intervene, but with this pump on point, changing 
insulin delivery all the time, there’s actually no need for me to fret constantly 
over my blood sugar”.



17 adults (age = 28.2 ± 6.1 years) and 15 adolescents (age = 16.6 ± 0.9 years) 
participating in a multisite HCL (Medtronic, Northridge, CA) clinical trial of a 
prototype of the 670G pump.

Perceived Benefits

• reduced worry

• greater peace of mind

• improved glycemic control

• anticipated reduction of long-term 
complications

• better quality of life

• reduced “burden” of diabetes. 

Hassles and limitations

• unexpected tasks for the user

• difficulties wearing the system

• concerns about controlling 
highs

• being reminded of diabetes.

Expectations and Attitudes of Individuals With Type 1 Diabetes After Using a Hybrid Closed Loop System 

The Diabetes educator 2017; 43(2) Iturralde E et al.



A job well 
done…


