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Insulin Delivery Devices 







Continuous Subcutaneous Insulin Infusion  (CSII) 



Continuous Subcutaneous Insulin Infusion  (CSII) 



Current Insulin Delivery Systems 



Companion inPen 



eTable. Glycated Hemoglobin Levels With Injection Therapy and With Pump 

Therapy by Age Group in the Matched Cohort 

1.5 to 5 yrs. 6 to 10 yrs. 11 to 15 yrs. 16 to 19 yrs. 

Injection therapy 
  Glycated hemoglobin, % 
 (95% CI) 

7.36 
(7.13-7.59) 

7.52 
(7.45-7.59) 

8.18 
(8.14-8.23) 

8.48 
(8.44-8.53) 

Pump therapy 
  Glycated hemoglobin, % 
  (95% CI) 

7.38 
(7.15-7.60) 

7.40 
(7.32-7.47) 

8.02 
(7.97-8.07) 

8.29 
(8.25-8.33) 

Between-group difference 
(95% CI) 

0.02 
(-0.30 to 0.34) 

-0.12
(-0.22 to -0.03) 

-0.16
(-0.23 to -0.10) 

-0.19
(-0.25 to -0.13) 

P value .91 .02 < .001 < .001 

Values of glycated hemoglobin levels in percent are estimated from one linear regression model including a therapy × age 

group interaction term and with matched pairs as a random factor. Conversion for glycated hemoglobin in mmol/mol = 

(glycated hemoglobin [%] – 2.15) * 10.929.  

© 2017 American Medical Association. All rights reserved. 
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Mean HbA1c by Age & Insulin Delivery Method 
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Severe Hypoglycemia & DKA by Insulin Delivery Method 





Continuous Glucose Monitoring 





Implantable Glucose Sensor 



Continuous Glucose Monitoring System  (CGMS) 



Guardian Telemetered Glucose Monitoring System 



DexCom Seven Plus 
Continuous Glucose Monitor 



CGM Sensors Circa 2008 



Continuous Glucose Monitoring and Intensive Treatment 

of Type 1 Diabetes 

The Juvenile Diabetes Research Foundation Continuous Glucose Monitoring Study Group 

New England Journal of Medicine 2008: 359: 1464-1476 



JDRF RT-CGM Randomized  
Controlled Trial 

Subjects 

• n = 322 

• 3 cohorts by age: 8-14, 14-24, > 25 yrs old 

• A1c 7.0% - 10.0% 

• CSII (79.5%) or MDI (20.5%) 

• SMBG mean 6.4 tests per day 

Treatment Groups 

• Real-time CGM + SMBG group 

– Abbott, DexCom or Medtronic RT Sensors 

• SMBG control group 

New Engl J Med 2008: 359: 1464-1476 



Cohort Starting with A1c 7.0-10.0% 
Changes in A1c in >25 yr olds  

*Error bars stand for 95% CI. New Engl J Med 2008: 359: 1464-1476 

Difference: -0.53% 

p-value <0.001 

 



Change in A1c from Baseline to 26 Weeks 
in ≥7.0% HbA1c Cohort 
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New Engl J Med 2008: 359: 1464-1476 



Diabetes Care. 2009;32:1947-5193. 
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Age (Years) 

<4.0 days/week sensor use 

4.0-<6.0 days/week sensor use 

≥6.0 days/week sensor use 



Current Glucose Monitoring Systems 

*MARD is a statistical measure of accuracy accepted as the industry 

standard for measuring performance of glucose monitors 

• 10 day wear 
• No calibrations 
• iOs and Android compatible for 

smartphones and smart watches 
• System contains: 

• G6 app 
• G6 transmitter 
• G6 receiver 
• G6 sensors (3 pack) 

• Patients age 2 and above 

Dexcom G6 



“Followers” May Take Advantage of Remote Monitoring 



Apple Watch Display 



• 7 day wear 

• Calibrate >2 times daily 

• System contains: 

– Guardian sensor 3 

– Rechargable transmitter 

– Guardian connect to CareLink 

– Sugar IQ App 

• For patients ages 14-75 

Current Glucose Monitoring Systems 

Medtronic Guardian Connect 



Eversense Implantable CGM System 

Smart Transmitter Mobile App 
On-body vibe alerts 

Removable/Rechargeable 
Gentle adhesive 

Sensor 
Fully implanted 

Small size 
Up to 90 days 

Real-time readings every 5 mins 
Trends, alerts w/ predictive alerts 

Current Glucose Monitoring Systems 



Sensor Powered by Transmitter Fluorescence with Glucose Binding 

Eversense Implantable CGM System 

Current Glucose Monitoring Systems 



iOS and Android platforms 

Current 

glucose 

reading 

Trend 

arrow 

High glucose target level (top green line) 

Low glucose target level (bottom green line) 
Trend 

graph 
Low glucose alert (bottom red line) 

High glucose alert (top red line) 

Eversense Implantable CGM System 

Current Glucose Monitoring Systems 



Libre Flash Glucose Monitoring 

• 14 day wear 

• No calibration 

• No alarms 

• Records data q 15 min (8hr) 

• Don’t rely on readings for first 12 hours 

• “Scan” to see glucose levels 

– 8-hour look-back with graph 

 

 

Current Glucose Monitoring Systems 



Flash Glucose Monitoring vs Continuous Glucose Monitoring  

Feature FGM CGM 

Alarms - + 

Duration 10-14 days 7-10 days 

Calibration - + >2 times daily (Guardian) 
+ 2 times daily (Eversense) 
+ (G6 optional) 

Data 
Transfer 

Requires “scan” Passive 







JAMA 2017; 317:371-378 

         



SCREENING 

RUN-IN 
Blinded 

CGM 
 (2 weeks) 

RANDOMIZE 

DIaMonD Study Design – Phase 1:  The First RCT 
Specifically Looking at the Clinical Efficacy of MDI + CGM 

PHASE 1 (24 weeks) 

SMBG 

Usual Care 

CGM 

Beck et al.  JAMA. 2017;317:371-378 
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CGM

Usual care

A1c Differences – CMG vs SMBG 

The DIaMonD Randomized Controlled Trial  

P<.001 
P<.001 

Week 24 
-0.6% (-0.8% to -0.3%) 

Week 12 
-0.5% (-0.7% to -0.3%) 

        Baseline 

Beck et al.  JAMA. 2017;317:371-378 



  

Week 4 

Visit 

(N=105) 

Week 12 

Visit 

(N=103) 

Week 24 

Visit 

(N=102) 

Mean CGM usage, days/week 6.9 6.8 6.7 

0 days/week 0% 1% 2% 
≥6 days/week 94% 96% 89% 

Mean % of CGM readings captured 95% 93% 90% 

All data reflect the 28 days prior to each visit. 

Beck et al.  JAMA. 2017;317:371-378 

CGM Usage:  Majority of MDI Patients 
Wore CGM ≥6 Days/Week 
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A1c Reduction with MDI Subjects Did Not 
Differ Among Adult age groups 

Beck et al.  JAMA. 2017;317:371-378 



Time-in-Range 70-180 mg/dL Increased  
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CGM

Usual care

P=.00

Beck et al.  JAMA. 2017;317:371-378 



Hypoglycemia Decreased Across All Low Levels 
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CGM

<70 mg/dL 

Baseline Week 24 Baseline Week 24 Baseline Week 24 

<60 mg/dL <50 mg/dL 

P=.006 

P=.01 

P=.005 

Usual Care 

Beck et al.  JAMA. 2017;317:371-378 



JAMA 2017; 317:379-387 



CGM vs SMBG for Glycemic Control in Adults with T1D on MDI - 
The GOLD Randomized Clinical Trial 

Lind et al.  JAMA. 2017;317:379-387.  

Baseline A1C Reduction 
with CGM vs MDI:  0.8% 
 
Between Group A1C 
Reduction with SMBG + MDI 
vs CGM + MDI:  0.4% 
 
More severe hypoglycemia 
in SMBG + MDI group (12 
events vs. 1 event) 
 
88% of time CGM worn 
throughout the study 



Annals of Internal Medicine 2017; 167:365-374 
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DIaMonD T2D Study:  
HbA1c Treatment Group Differences 
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Bergenstal et al Ann Int Med 2017; 167:365-374  



Park & Le.  Diabetes Technology & Therapeutics 2018;20:613-621 

Glucose Monitoring in Type 2 Diabetes 

All Trials 



Park & Le.  Diabetes Technology & Therapeutics 2018;20:613-621 

RCTs Only 

Glucose Monitoring in Type 2 Diabetes 





A1c and Hypoglycemia Risk 



DCCT.  N Engl J Med 1993;329:977-86 

DCCT: Absolute Risk of Severe Hypoglycemia by Mean A1c 

R
at

e
 o

f 
se

ve
re

 H
yp

o
gl

yc
e

m
ia

 
 (

p
e

r 
1

0
0

 p
at

ie
n

t-
ye

ar
s)

 

20 

40 

60 

80 

120 

100 

Glycosylated Hemoglobin 
(%) 

0 
5.0 10.5 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0 

DCCT: 1986 to 1993 



DCCT: 1986 to 1993 

DCCT.  N Engl J Med 1993;329:977-86 

Two Eras of Diabetes Management 
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■ 
■ 

♦ 

■ 
♦ ♦ 

DCCT.  N Engl J Med 1993;329:977-86; JDRF.  N Engl J Med 2008;359:1464-76; Diabetes Care 2009: 32:1378-1383  

Impact of Continuous Glucose Monitoring on Rate of 
Severe Hypoglycemia Compared to DCCT 
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Type 1 Diabetes Exchange 
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A1c by Age and Time Period 

Age (years) 
2018 Update - Unpublished 



2018 Update - Unpublished 
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A1c by Age 

2018 Update - Unpublished 
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% Meeting A1c ADA Target by Insulin Delivery Method & CGM Use  
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2018 Update - Unpublished 
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Occurrence of Severe Hypoglycemia by Age 
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Occurrence of Severe Hypoglycemia by Diabetes Duration 
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Occurrence of Severe Hypoglycemia by Pump Use Status 
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Occurrence of DKA by Age 
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Occurrence of DKA by Diabetes Duration 
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Occurrence of DKA by A1c 
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Occurrence of DKA by CGM Use Status 
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Occurrence of DKA by Pump Use Status 
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Insulin Pump Use Has Increased Mainly in Youth 
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Pump Manufacturer 

Animas 17% 
Medtronic 53% 

Insulet 18% 

Tandem 12% 

Other 1% 
Roche <1% 

2018 Update - Unpublished 



CGM Use Has Increased Substantially 
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CGM Use by Year 
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CGM Use by Insulin Delivery Method 
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CGM Device Type 
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Automated Insulin Delivery 



Biostator  
Glucose Controlled Insulin Infusion System 



Implantable Insulin Pump & External Controller 



Patient and System 
State Estimation 

Available Peripheral Devices 

SMBG CGM MDI/Pen CSII 

Glucose Readings Insulin Delivery Other 
(e.g. heart rate, 
accelerometer) 

Services 

Remote 
monitoring & 

diagnostics 

Automated 
closed-Loop 

control 
Bolus Calculator 

Trends, Alerts, 
Advice 

Devices, Algorithms, and Services of the Artificial Pancreas 

Input: Continuous Glucose Monitoring; 
Output: Insulin pump 
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Automated Insulin Delivery Systems in Development 










