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FIG. 2. Blood glucose profile of a patient treated by a combination of s.c. insulin injections plus feedback control by the Biostator for at least 50 h.
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Time Perspective:
US FDA First Approvals CGM

YEAR PRODUCT TYPE of CGM STATUS

1999 Medtronic (MiniMed) Professional Updated version available

2001 Cygnus GlucoWatch Real-time Not available

2005 Medtronic (MiniMed) Real-time Updated versions available,
stand-alone and with pump

2006 DexCom Real-time* Updated versions available

2008 FreeStyle Navigator Real-time Not available in US

*settings may be adjusted for use as professional version,
but approved for single patient use only

Currently available systems are subcutaneous and approved for sensor duration
up to 7 days (sensor duration approval differs by product)
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The Parts of a CGM

Sensor- obtains glucose information in interstitial fluid

Sensor insertion device- to aid in effective sensor insertion

-- sensors should be inserted subcutaneously where there is
adequate fat which is usually in the abdomen or buttocks

-- avoid areas of recent pump or sensor insertion sites
-- consider that the sensor will be in place for several days

Transmitter- attached to sensor, sends data to receiver

Receiver- displays and stores immediate and recent
glucose information, provides alarms and trends, history

— stand-alone
— integrated with insulin pump

Download/Upload software- retrospective evaluation
Blood glucose meter for calibration
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Sensor Technology

Current CGM measures the effect of glucose in the interstitial fluid (ISF)

— glucose diffuses across the capillary wall to the interstitial space and
then through sensor membrane to site of glucose oxidase reaction on
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Sensor Technology

Calibration is required so that the electrical signals
produced by the glucose oxidase reaction can be
converted to BG levels

- Proprietary algorithms are used
Current CGM - glucose updated every five minutes

“Lag”-physiologic, device, sensor conditions in body

— Blood flow, rate of diffusion plasma to ISF, glucose uptake

by cells, sensor membrane and calculation/reporting time
by CGM

— calibration should not be done when there is a high rate of
change in glucose such as in the first hour after eating or
when a rapid change arrow appears on the display screen
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Physiological Factors that Affect
Interstitial Fluid Glucose

Tissue perfusion .

Glucose supply from the
blood vessel

Capillary permeability .
Metabolic rate of

adjacent cells

Other factors that
influence cellular
glucose uptake (e.g.,

insulin)

Cengiz E Diab Tech Ther 11 Suppl 1:511-16, 2009.
Mensh BD J Diab Sci Tech 7: 863-870, 2013.

Local temperature

Oxygen tension in the
interstitial space

Other potential as yet
unidentified factors




Interfering Substances

® sMBG = CGM
 Acetaminophen  Acetaminophen
e Ascorbic acid * Ascorbic acid
e Uric acid * Uric acid
e Salicylic acid * Paracetamol

* Isoniazid

e Salicylate

e Glutathione

All of these substances nonspecifically oxidize H,0, and therefore interfere
with the glucose oxidase-based BG test strips and glucose sensor electrodes |
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Alarms

Project future hypo- and hyperglycemia
depending on the threshold setting

Thresholds can be customized for the patients
SMBG should be used to confirm the alarm value

Alarm fatigue is a significant problem:

— Hypoglycemia alarm is set too high (90 mg/dl)
increases sensitivity but decreases specificity

— Hypoglycemia alarm is set too low (50 mg/dl)
decreases sensitivity but increases specificity




Differences

® SMBG

Measures capillary blood glucose

Good correlation between
capillary blood glucose and
arterial/venous blood glucose,
even during times of rapid change

Difficult to get a complete picture
of glycemic trends

Static point in time —
direction/magnitude of glucose
change unknown

Cannot alert user to out of
range/potentially out of range
blood sugars

&"ﬁ CGM

Measures glucose in the IF
Lag time between IF glucose and
blood glucose

— Lag time increases during periods
of rapid glycemic fluctuations

Very helpful for seeing glycemic
trends

Gives directional arrows — can see
where glucose is going

Can alert user if BG is out of 1
will be out of range
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Reliability

® SMBG g CGM
* General perception: OK * General perception: good,
but not accurate enough
* Provides the basis for * Good for trending
insulin administration information and to provide

alerts/alarms

e Should not base insulin
administration on sensor
glucose alone — always
double-check SG readmg
with a SMBG

e Standard by which diabetes
medications are adjusted
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Indications for
Diagnostic CGM

Inconsistency between glucose record
diary and HbA1c

Assessing the frequency and severity of
hyper- and hypoglycemia

Evaluation of the adequacy of timing and
frequency of self-monitored blood
glucose

Enhancing patient education and
psychological motivation for optimal
diabetes management
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Indications for
Diagnostic CGM

Indications for
Real-Time CGM

Inconsistency between glucose record
diary and HbAlc

Improving diabetes management in
patients with unstable diabetes

Assessing the frequency and severity of
hyper- and hypoglycemia

Tracking and trending glucose thereby
enabling patients to intervene and
prevent unwanted glucose excursions

Evaluation of the adequacy of timing and
frequency of self-monitored blood
glucose

Assisting patients with hypoglycemia
unawareness, repeated severe
hypoglycemic episodes or undetected
hypoglycemia

Enhancing patient education and
psychological motivation for optimal
diabetes management

Providing parents the ability to monitor
their children in real-time




Diagnostic CGM

Clinic owns the equipment

Staff training
—Sensor insertion
—Patient teaching to protect site and
perform BGs for later calibration
—Upload process
—Clean/disinfect, log equipment use

Using reports for therapy change and
diabetes education

Plan time in schedule - CGM clinics or
during regular visits
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Diagnostic CGM Real-Time CGM

Clinic owns the equipment Patient owns equipment
Staff training Stages: “Nuts and bolts” training to long-
—Sensor insertion term use and success

—Patient teaching to protect site and
perform BGs for later calibration
—Upload process

—Clean/disinfect, log equipment use

Using reports for therapy change and Realistic expectations, understand
diabetes education benefits and potential limitations
Plan time in schedule - CGM clinics or Support to understand, make the most of

during regular visits CGM and prevent discontinuance of use
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Rate Error-Grid Zones
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Glucose concentration (mg/dl)

A Plasma glucose (YSl)
* CGM glucose (Dexcom 7)
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MARD = Mean Absolute Relative Difference

YSI value — Sensor value = difference (in either direction)

— if YSI =100 mg/dl and CGM sensor = 80 mg/dl, the relative
difference is -20 or 20%

— if YSI = 180 mg/dl and CGM sensor = 198 mg/d|, the relative
difference is +18 mg/dl or 10%

Add all the values, e.g., 20% + 10% = 30%
Divide by the number of values, e.g., 30% + 2 = 15%

MARD = 15%
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Sensor Performance by MARD
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Intended Use/Accuracy Balance

14-18%

Mediocre

Indication
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Currently Available RT- CGM’s

Medtronic
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Glucose (mg/dL)

Multiplicity of Reports
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Multiplicity of Reports

* Can be overwhelming at first

e Every report isn’t necessary or useful to
review for all patients

e Select those reports that are most important
for what are the priorities for that patient
— Hypoglycemia
— Overall glycemic control
— Variability




Clinical Use

mprove overall glycemic control
Reduce number of hypoglycemic events

Reduce glycemic variability

Empower and educate patients in diabetes
management

Use in partially and fully closed-loop (artificial
pancreas)
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Journal of Diabetes Science and Technology ORIGINAL ARTICLE
Volume 6, Issue 5 September 2012

© Diabetes Technology Society

Comparative Analysis of the Efficacy of Continuous Glucose Monitoring
and Self-Monitoring of Blood Glucose
in Type 1 Diabetes Mellitus

Baraka Floyd, M.D., M.Sc,! Prakash Chandra, M.D,? Stephanie Hall, M.P.H.}
Christopher Phillips, M.D,, M.H.! Ernest Alema-Mensah, Ph.D.! Gregory Strayhorn, M.D,, Ph.D,}
Hizabeth O. Ofili, M.D., M.PIH.! and Guillermo E. Umpierrez, M.D?

Weighted mean difference

Reference, first author (95% CI)
Chase?* -0.60 (-1.12, -0.08)
Chico® -0.25 (-0.74, 0.24)
Ludvigsson? - -0.29 (-0.52, -0.06)
Tanenberg?® I =001 (-041.0.39)
Deiss!! -— -0.45 (-0.80, -0.10) | ==
Deiss?’ —T 0.10 (-0.28, 0.48)
Lagarde?® . -0.33 (-0.93, 0.27)
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Hirsch' —— -0.17 (-0.46, 0.12) .. Real-Time CGM
JDRF®¢ | -0.21 (-0.32, -0.10)
Cosson?? B B
O’Connell?! L
Peyrot®’ € - : -0.69 (-1.22,-0.16) | |
Raccah?2 - = -0.24 (-0.61, 0.13)
Fixed effects meta-estimate O
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Effective Health Care Program

Comparative Effectiveness Review
Number 57

Methods for Insulin
Delivery and Glucose
Monitoring: Comparative
Effectiveness

lllllllll

Agency for Healthcare Reseanch and Quaiity
Advancing Excelence in Mealth Care = www.ahrggoy

Golden S. Agency for Healthcare Research and Quality Comparative Effectiveness Review
Number 57 Report 12-EHC036-EF, 2012.




Figure 30. Between-group difference between rt-CGM and SMBG in how HbA,. changed from
baseline among adults with type 1 diabetes in studies where compliance was greater than 60%

Author year

Deiss 2006

Hirsch 2008

L 1

L 3
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O'Connell 2009
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Overall (I-squared = 40.8%, p=0.119)
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Figure 31. Between-group difference between rt-CGM and SMBG in how HbA,. changed from
baseline among children and adolescents with type 1 diabetes

Author year _ Mean difference (95% CI)

*

Deiss 2006* (8-<19yrs) & . | 067 (-119, -0.15)
Hirsch 2008 (12-<18 yrs) : 10.49 (-1.06, 0.08)

Tamborlane 2008 (8-14 yrs) —— 013 (-037,011)

Battelino 2011* (10-17 yrs) 023 (-0.87, 0.41)
Overall (I-squared = 27.2%, p = 0.248) <> 10.26 (-0.46, -0.06)

-1 0 1
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Mean between-group difference in HbA: change from baseline (%)

Diabetes
Technology /|

Golden S. Agency for Healthcare Research and Quality Comparative Effectiveness Review | Society P

Number 57 Report 12-EHC036-EF, 2012.



— . T s oo

Relationship of Fasting and Hourly Blood
Glucose Levels to HbA, . Values

Safety, accuracy, and improvements in glucose profiles obtained using a
7-day continuous glucose sensor
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Figure 29. Compliance with sensor and mean between-group difference between rnt-CGM and
SMBG in how HbA,. (%) changed from baseline
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BMJ 2011;343:d3805 doi: 10.1136/bmj.d3805 Page 1 of 14

.
RESEARCH

Glycaemic control in type 1 diabetes during real time
continuous glucose monitoring compared with self
monitoring of blood glucose: meta-analysis of
randomised controlled trials using individual patient
data

John C Pickup professor of diabetes and metabolism’, Suzanne C Freeman medical statistics
student®®, Alex J Sutton professor of medical statistics®
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Figure 33. Pooled relative risk of severe hypoglycemia in rt-CGM versus SMBG interventions
among patients with type 1 diabetes

# #
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Continuous Glucose Monitoring: Evidence and Consensus Statement
for Clinical Use

Andreas Liebl, M.D.! Helmut R. Henrichs, M.D.,? Lutz Heinemann, Ph.D.?
Guido Freckmann, M.D.,* Eberhard Biermann, M.D.°> and Andreas Thomas, Ph.D.°
for the Continuous Glucose Monitoring Working Group of the
Working Group Diabetes Technology of the German Diabetes Association
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Real-Time Continvous Glucose Monitoring
Significantly Reduces Severe
Hypoglycemia in Hypoglycemia-Unaware
Patients With Type 1 Diabetes
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Effectiveness of Sensor-Augmented Insulin-
Pump Therapy in Type 1 Diabetes

Richard M. Bergenstal, M.D., William V. Tamborlane, M.D.,
Andrew Ahmann, M.D., John B. Buse, M.D., Ph.D., George Dailey, M.D.,
Stephen N. Davis, M.D., Carol Joyce, M.D., Tim Peoples, M.A.,
Bruce A. Perkins, M.D., M.P.H., John B. Welsh, M.D., Ph.D.,
Steven M. Willi, M.D., and Michael A. Wood, M.D., for the STAR 3 Study Group*
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N Eng J Med 363: 311-320, 2010.
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Figure 35. Between-group difference between sensor-augmented pumps and MDI/SMBG in how
HbA:. changed from baseline among patients with type 1 diabetes

Author year _ Mean difference (95% CI)
Lee 2007 * -0.97 (-2.54, 0.60)
Peyrot 2009 . 070 (-1.32,-008)
Bergenstal 2010 - 0.60 (0.75, -0.45)
Hermanides 2011 —a -1.10 (-1.46,-0.74)
Overall (I-squared = 53.7%, p = 0.091) 0 -0.68 (-0.81, -0.54)

| |

2 -1 0 1

Favors sensor-augmented pump Favors MDI + SMBG

Mean between-group difference in HbA. change from baseline (%)
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No difference in mild or severe hypoglycaemia
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Number 57 Report 12-EHC036-EF, 2012.




The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Threshold-Based Insulin-Pump Interruption
for Reduction of Hypoglycemia

Richard M. Bergenstal, M.D., David C. Klonoff, M.D., Satish K. Garg, M.D.,
Bruce W. Bode, M.D., Melissa Meredith, M.D., Robert H. Slover, M.D.,
Andrew J. Ahmann, M.D., John B. Welsh, M.D., Ph.D., Scott W. Lee, M.D.,
and Francine R. Kaufman, M.D., for the ASPIRE In-Home Study Group*

Suspends insulin delivery below a pre-set threshold only if the
patient does not intervene and restarts after two hours

Diabetes
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N EnglJ Med 369:224-32, 2013
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CareLink

THERAPY MANAGEMENT SOFTWARE FOR DIABETES


https://ehome.medtronic.com/owa/,DanaInfo=ehome.medtronic.com,SSL+redir.aspx?C=218c4b76d42745128dfe35644171bd59&URL=http://www.google.com/imgres?imgurl=http://www.medtronic-diabetes.co.uk/tl_files/cdn_marketshare/UK271009contourlink.png&imgrefurl=http://www.medtronic-diabetes.co.uk/product-information/bayer-contour-link/index.html&usg=__O5bjK_N0gGKvXcmIA3p_VYX4RGI=&h=654&w=500&sz=387&hl=en&start=10&zoom=1&tbnid=pzlhdrDima3uAM:&tbnh=138&tbnw=106&prev=/images?q=bayer+contourlink+meter&hl=en&safe=active&gbv=2&tbs=isch:1&itbs=1

Inclusion Criteria

16 to 70 years of age
Type 1 diabetes of at least 2 years’ duration
Glycated hemoglobin value of 5.8% to 10.0%

Used insulin-pump therapy for more than 6
months

During run-in:

— Wore sensors 2 80% of the time

— Had at least two nocturnal hypoglycemic events for >
20 consecutive minutes in the absence of a pump /
interaction .




Randomization.*

Table 1. Baseline Characteristics of the Patients Who Underwent

Characteristic (N=121)
Age (yr)

Mean 41.6+12.8

Range 1669
Duration of diabetes (yr) 27.1£12.5
Male sex (%) 38.0
Weight (kg) 79.6£15.9
Body-mass index 27.6+4.7
Glycated hemoglobin at 7.26+0.71

randomization (%)

Threshold-Suspend Group

Control Group

(N=126)

44 83+13.8
16-70
26.7x12.7
39.7
79.1+15.1

27.1+4.3
7.21+0.77

* Plus—minus values are means +SD. There were no significant differences

between the groups.

T The body-mass index is the weight in kilograms divided by the square of the

height in meters.




Glycated Hemoglobin

Glycated Hemoglobin (%)
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38% Reduction

P<0.001 |
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Outpatient Glucose Levels
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% of nights

Duration of Overnight Hypoglycaemia (L)
and Hyperglycemia (R)

B Control Intervention
N=970 N=942
30% - ~
487% Reduction All P-values <0.001
25% - :
52% Reduction
20% ]
74% Reduction
15%
81% Reduction

10%

5% I

0%

>30 min >60 min

>120min - >180 min

Duration with glucose level <60 mg/dl

35%
30%
25%
20%
15%
10%

5%

0%

All P-values >0.05

=30 min *60min  2120min =180 min
Duration with glucose level >250 mg/d|
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Clinical Use

Improve overall glycemic control

— YES

Reduce number of hypoglycemic events
— Not yet proven

Reduce glycemic variability
— YES

Empowers and educates patients in diabetes
management

— YES

Use in partially/fully closed-loop (artificial pancreas)
— YES/COMING SOON

| Diabetes
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Thanks for Your Attention

Any Questions?




