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Objectives

1)Explore the need for insulin automation

2)Discuss Time in Range and the results of Automated Insulin Delivery 
pivotal trials

3)Examine behavioral and clinical keys to success with Automated 
Insulin Delivery



WHAT ARE OUR GOALS IN TREATING DIABETES AND WHY?



1. T1D Exchange data. Foster, NC, et al. Diabetes TechnolTher.2019;21(2): 62-65.

WHAT IS THE CURRENT STATE OF GLYCEMIC CONTROL IN THE US?
67% OF TYPE 1 PATIENTS NOT AT TARGET DESPITE INTENSIVE MANAGEMENT1
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THE USE OF TECHNOLOGY IN THE T1D EXCHANGE

David Rodbard.DiabetesTechnology & Therapeutics.Feb 2019.62-65.http://doi.org/10.1089/dia.2019.0008

https://doi.org/10.1089/dia.2019.0008


THE USE OF TECHNOLOGY IN THE T1D EXCHANGE

Foster NC, et al, Diabetes Technology & Therapeutics  Vol 21, Published online 2019, 
https://doi.org/10.1089/dia.2018.0384



TIME IN RANGE 
CONSENSUS REPORT / DEFINES GLYCEMIC RANGES 

AgiostratidouG,  et al. Diabetes Care. 2017;40:1622ς1630.
DanneT, et al. Diabetes Care. 2017;40:1631-1640.

Organizations:

ÁAACE: American Association of Clinical Endocrinologists

ÁAADE:  American Association of Diabetes Educators 

ÁADA:  American Diabetes Association 

ÁEndocrine Society

ÁJDRF:  Juvenile Diabetes Research Foundation Int.

ÁLeonaM. andHarryB. Helmsley CharitableTrust

ÁPES: Pediatric Endocrine Society 

ÁT1D Exchange

ά/ƻƳƳƛǘǘŜŜ recommends use of defined clinically meaningful 
outcomes beyond A1Cfor research, development, and 
ŜǾŀƭǳŀǘƛƻƴ ƻŦ ǘȅǇŜ м ŘƛŀōŜǘŜǎ ǘƘŜǊŀǇƛŜǎΦέ

ά¢ƛƳŜ ƛƴ ǊŀƴƎŜ Ƴŀȅ ōŜ ƳƻǊŜ ƭƛƪŜƭȅ ǘƘŀƴ !м/ ǘƻ ŎƻǊǊŜƭŀǘŜ 
with patient-ǊŜǇƻǊǘŜŘ ƻǳǘŎƻƳŜǎΣ ǎǳŎƘ ŀǎ ǉǳŀƭƛǘȅ ƻŦ ƭƛŦŜΧέ

Standard Outcome 
Measures 

Hyper  L1
181ς250 mg/dL

Hyper  L2
>250 mg/dL 

70ς180 mg/dL

Hypo L1   54 ς69 mg/dL

Hypo L2     <54 mg/dL  

In Range



WHATIS OUR GOAL?



TIME IN RANGE BY THERAPY TYPE
TIME SPENT >180 MG/DL, 70-180 MG/DL & <70 MG/DL

31.1%

63.2%

5.7%

24.5%

72.2%

3.3%

42.6%

54.9%

3.4%

45.8%

51.5%

2.2%

51.4%

45.1%

5.5%

70-180 mg/dL >180 mg/dL<70 mg/dL

MDI 
+ BG1,*

MDI 
+ CGM2,*

Pump 
+ CGM2,*

Suspend 
on low3

Hybrid 
Closed Loop4,5

1. Beck R. JAMA. 2017;317( 4): 371-378. 2. Beck R, et al. Lancet Diabetes Endocrinol. 2017; 5:700-708.  3.  Data on file.  
4.BergenstalRM, et al. JAMA. 2016;316(13):1407-1408.  5. Garg SK, et al. Diabetes TechnolTher. 2017;19(3):155-163. 6. Beck  R, et.al. Diabetes 
Care. 2018. epubahead of print online 10/23/2018

For every 10% drop in TIR, 
risk of  complications  
increases6:

ÁRetinopathy by 64%

ÁMicroalbuminuria by 40%

*Median time in range, may not equal 100%.



THE NEED FOR 
IMPROVED GLYCEMIC 
CONTROL &  INSULIN 
AUTOMATION 



Automated Insulin Delivery

12



FUNDAMENTAL PREMISE OF AUTOMATED INSULIN DELIVERY

1. Bergenstal RM, et al. JAMA. 2016;316(13):1407-1408.
2. Garg SK, et al. Diabetes Technol Ther. 2017;19(3):155-163

RESULT

Normal Physiology
Pancreas secretes insulin based on glucose. 
Varies day and night. 

Euglycemia.

MDI and Pump: 
Fixed basal insulin (injection, rate(s)). 

Static insulin delivery and variable glycemia.

Hybrid Closed Loop
Auto Basal delivers every 5 minutes;  adjusts 
based on sensor glucose. 

Lessglycemic variability and more time in 
target range.1,2



INSULINDELIVERY GUIDED BYCGM: ESSENTIAL FOR CLOSING THE LOOP
GLUCOSE LEVEL & INSULIN REQUIREMENT FOUR NIGHTS IN A SINGLE WEEK(12-6AM)

NIGHT 4

Key Observations

Å120mg/dLglucose 
target achieved each 
morning despite 
varying 12am 
glucose

Å Insulin requirements 
were not the same 
on any 2 nights

ÅAuto Basal adjusted 
based on glucose

ÅNo overnight lows
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MINMED 670G PIVOTALTRIAL
TIME IN RANGE: LOWS & HIGHS, 14-75 YEARS

Sensor 
Glucose

Run-in  
% Time 
in Range

Study 
% Time 
in Range

> 300 mg/dL* 2.1 1.4

> 180 mg/dL 26.8 21.6

71 ς180 mg/dL 66.8 75.3

Җ тл ƳƎκdL 6.4 3.1

Җ рл ƳƎκŘ[ϝ 1.1 0.6

Sensor 
Glucose

Run-in  
% Time 
in Range

Study 
% Time 
in Range

> 300 mg/dL 2.3 1.7

> 180 mg/dL 27.4 24.5

71 ς180 mg/dL 66.7 72.2

Җ тл ƳƎκdL 5.9 3.3

Җ рл ƳƎκdL 1.0 0.6

Within-daySD 2.8 2.6

Night Time Only*

*Data on file

Due to inherent study limitations, caution is advised when attempting to extrapolate these results to new patients.There couldbe significant differences. 

BergenstalRM, et al. JAMA. 2016;316(13):1407-1408.
Garg SK, et al. Diabetes TechnolTher. 2017;19(3):155-163.

Day and Night (p<0.001)

Auto Mode Use:  Adults 88.0%, Adolescents 75.8%



PIVOTAL HCL TRIAL

Median and Interquartile SG Values, Day & Night

Run-In Phase Study Phase

1Forlenza GP, et al. Diabetes Technol Ther. 2019; https://doi.org/10.1089/dia.2018.0264.  2Data on file from CEP302: Pivotal Trial (Age 2-6).  N=46. 

2019; 10 US sites and 1 EMEA site. 3Bergenstal RM, et al. JAMA. 2016;316(13):1407-1408. 4Garg SK, et al. Diabetes Technol Ther. 2017;19(3):155-163.  

Since the pivotal study did not include a control group, no effectiveness claims can be made. The study does support that the system is relatively safe. However, the study had limitations, including a 
relatively small number of patients, no comparative control group, and a study period that lasted only three months. In addition, the amount of time the system was used in the Manual Mode was shorter 
than the time in Auto Mode. Due to these study limitations, caution is advised when attempting to extrapolate these results to individual patient results. There could be significant differences.

1
23,43,4

In over 28,000 patient days of exposure:

ÁZERO Severe Hypoglycemia

ÁZERO DKA

https://doi.org/10.1089/dia.2018.0264


MINIMEDTM 770G SYSTEM PIVOTAL STUDIES
A1C DISTRIBUTION

8.0%

BASELINE A1C
STUDY END A1C

7.5%7.4%

BASELINE A1C STUDY END A1C

6.9%
1Bergenstal RM, et al. JAMA. 2016;316(13):1407-1408. 2Garg SK, et al. Diabetes Technol Ther. 2017;19(3):155-163. 3Forlenza GP, et al. Diabetes 

Technol Ther. 2019; https://doi.org/10.1089/dia.2018.0264.  4Data on file from CEP302: Pivotal Trial (Age 2-6).  N=46. 2019; 10 US sites and 1 

EMEA site.

Pediatrics3

(7-13 yrs)

Since the pivotal study did not include a control group, no effectiveness claims can be made. The study does support that the system is relatively safe. However, the study had limitations, including a 
relatively small number of patients, no comparative control group, and a study period that lasted only three months. In addition, the amount of time the system was used in the Manual Mode was shorter 
than the time in Auto Mode. Due to these study limitations, caution is advised when attempting to extrapolate these results to individual patient results. There could be significant differences.

Pediatrics4

(2-6 yrs)
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Adults + Adolescents1,2

(14-75 yrs) 

7.9%

BASELINE A1C STUDY END A1C

7.5%

https://doi.org/10.1089/dia.2018.0264


Six-Month Randomized, Multicenter Trial of Closed-Loop Control in Type 1 Diabetes
ωSue A. Brown, M.D.,BorisP. Kovatchev, Ph.D.,Dan Raghinaru, M.S.,John W. Lum, M.S.,Bruce A. Buckingham, M.D.,YogishC. Kudva, M.D.,Lori M. Laffel, M.D., M.P.H.,Carol J. Levy, M.D.Jordan E. Pinsker, M.D.,R. Paul Wadwa, M.D.,
EyalDassau, Ph.D.,Francis J. Doyle, III, Ph.D.,for the iDCLTrial Research Group* October 31, 2019 N Engl J Med 2019; 381:1707-1717

71 % TIR

https://www.nejm.org/doi/full/10.1056/NEJMoa1907863#header_fn1
https://www.nejm.org/toc/nejm/381/18?query=article_issue_link


A Randomized Trial of Closed-Loop Control in Children with Type 1 Diabetes
L
ωMarc D. Breton, Ph.D.,Lauren G. Kanapka, M.Sc.,Roy W. Beck, M.D., Ph.D.,LayaEkhlaspour, M.D.,Gregory P. Forlenza, M.D.,EdaCengiz, M.D.,Melissa Schoelwer, M.D.,Katrina J. Ruedy, M.S.P.H.,Emily Jost, M.P.H., R.D., C.D.E.,
Lori Carria, M.S.,EmmaEmory, R.N.,Liana J. Hsu, B.S.,for the iDCLTrial Research Group* August 27, 2020 N Engl J Med 2020; 383:836-845

67% TIR

https://www.nejm.org/doi/full/10.1056/NEJMoa2004736#header_fn1
https://www.nejm.org/toc/nejm/383/9?query=article_issue_link

