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Objectives 
• Understand the principles of continuous glucose 

monitoring including indications, benefits and 
limitations thereof. 

• Recognize the differences between currently 
available CGM systems. 

• Review key uses of CGM data including real-time 
trending, retrospective trending, high and low 
alerts. 

• Briefly discuss the future of continuous glucose 
monitoring. 
 
 



Introduction 
• Diabetes mellitus is associated with long-term 

complications. 
• Most glycemic control in patients with type 1 

diabetes is suboptimal. 
• Glycemic control is limited by poor adherence to 

prescribed regimens. 
• Adherence is limited, in part, by fear of 

hypoglycemia. 

• Recent evidence links severe hypoglycemia to 
morbidity and mortality. 
 

Presenter
Presentation Notes
ComplicationPathogenesis of these complications complexChronic hyperglycemia thought to be principle contributorSuboptimal glycemic controlT1D exchange registry demonstrated an agerage A1c for people <25 yo of 8.3-8.7%Older patients fared only slightly better with an Average A1c of 7.7%This study found that improved A1c was associated with increased 



Current Metrics for 
Diabetes Control 

• DCCT established HbA1c as gold standard 
evaluating for glycemic control. 

• Self monitored blood glucose (SMBG) protocols 
vary. 

• Blood glucose measured during in-house study-day 
typically involves 10-24 measurements. 

• Frequency of hypoglycemic events is analyzed 
using study criteria with pre-defined thresholds and 
patient reports. 

Presenter
Presentation Notes
HbA1c  measures physiologic process in which the hemoglobin molecule is glycated. This serves as a surrogate for glyceations of other proteins in the bodyReflects glycation over lifespan of erythrocytes – usually 120 daysEg mean blood glucose SMBG protocols vary from standard of care 4 times daily, AC and HS with intermittent 7-9 point glucose profiles. Serum blood glucose involves in-house study days but provides more informationFrequency of hypoglycemic events: patient reports and typically study pre-specifies a threshold such as BG <80A number of other surrogate endpoints exist, such as markers of inflammation, fructosamine and 1,5 anhydroglucitol (GlycoMark)		Glycomark is used to ID glycemic variability – a naturally occurring monosaccharide found in nearly all foods and values decrease with hyperglycemia (BG >180 mg/dl) and normalize after 2 weeks 



Limitations of Current Metrics 

• HbA1c reflects mean blood glucose for preceding 120 days. 
• SMBG often misses peak post-prandial glucose. 
• Self-report and SMBG data unreliable for hypoglycemia. 

Presenter
Presentation Notes
HbA1c measures mean blood glucose. However, as Arron Kowalski pointed out in a recent commentary in Diabetes Technology and Therapeutics, Mean speed of 55 mph over preceding 3 months of commuting gives no indication of when the driver sped >100 mph when no one was looking or slowed to 10 miles per hour in congested trafficHbA1c does not reflect day-to-day glycemia or provide information as to where dysglycemia is occurringWith SMBG and standard 7-9 point glucose profiles, post-prandial glucose is measured at a pre-set time after meal – 1.5 to 2 hours. Post prandial glycemic spikes vary with individual, meal, hypoglycemic agent, and activity level.Thus the actual peak post-prandial glucose is often missed.People with longstanding diabetes are prone to hypoglycemia unawareness. For this reason, reports of hypoglycemia and even testing fingersticks at the time of hypoglycemia is unlikely. The JDRF CGM trial noted that patients with HbA1c at goal (6.4%) spent an average of 100 minutes of every day in the hypoglycemic range



DCCT Observation 

Absolute risk of sustained 
retinopathy progression as 
function of updated mean A1c 
during DCCT and time of follow-
up during study years.  

The Diabetes Control and Complications Trial (DCCT) Research Group. The relationship of glycemic exposure (HbA1c) to the 
risk of development and progression of retinopathy in the Diabetes Control and Complications Trial. Diabetes, 1995; 44: 968-9831. 
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Presentation Notes
A 1995 report evaluating the association of A1c levels before and during the DCCT with risk of retinopathy in patients in both arms of the study. Authors concluded that the mean A1c “is not the most complete expression of the degree of glycemia.” Investigators observed that the risk of retinopathy progression associated with a given level of HbA1c differed between the intensive and conventional treatment groups.Intensive group had minimal change in the risk of retinopathy progression over time where the conventional treatment had marked increase in risk.In fact, elevated HbA1c accounted for only 11% of the increase in risk for retinopathy



Glycemic Variability 

   

• DCCT illustrated importance 
of relative glycemic control to 
prevent microvascular 
complications 

• Some data at that time 
suggested deleterious effects 
of glycemic variability 

• Pathophysiologic data 
indicates increased oxidative 
stress with fluctuating glucose 
levels 

• Epidemiologic studies suggest 
correlation between 
elevated PPG and 
micro/macrovascular 
outcomes 

• Clinical trial data is limited 

 



OVERVIEW: CGM 

• Continuous Glucose Monitor = device that 
provides “real-time” glucose readings & 
data about trends in glucose levels 

• Measures interstitial glucose every 5 minutes 
• Alerts user to high and low glucose values 

o Also predicted “highs” and “lows”  
o Rate changes 

• 4th era in diabetes management  



CGM Components 

http://diabetes.niddk.nih.gov/dm/pubs/glucosemonitor/ 
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Presentation Notes
3 components to CGM:The sensor is a the disposable component with subcutaneous wire inserted every 3-7 daysTransmitter interfaces with the sensor to collect the data from the sensor wire The information is then transmitted to the receiver, which has an algorithm to interpret the data and produce a glucose reading. Most systems produce a reading every 3-5 minutes.



CGM: Subcutaneous 
Sensor 
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Presentation Notes
Obtains electrochemical measurement of interstitial glucose in subcutaneous tissue every 10 seconds  reading every 5 minutes. (288 values per day)Using glucose oxidase reaction – similar to fingerstick glucose testing



Barbara Davis Center for Childhood Diabetes May 2008 

Fingerstick “Snapshot” of BG 
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Presentation Notes
Using glucometers, or fingerstick glucose values gives you limited information.



Barbara Davis Center for Childhood Diabetes May 2008 

CGM “Full Disclosure” of BG Trends 

Presenter
Presentation Notes
CGM adds significanc to the values and provides substantially more data



Types of Data: 
Real Time Trending 

*(Understanding Pumps and CGMs, p.103) 
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Presentation Notes
“Knowing a glucose level is 240 mg/dl may not be as important as knowing the ‘trend.’”



Types of Data: 
Retrospective Trending 

Presenter
Presentation Notes
Basal checks, impact of activity, ISF anc I:C checksYou can get an idea if some has recurrnt hypo or hyperglycemia at specific times and where the key areas to target for therapy lie. 



CGM: Short-Term 
Benefits 

• Minimize extreme BG 
• Immediate feedback impact of 

food/exercise/stress on BG 
• Know direction BG is trending 

(whether pt needs more or less 
insulin) 

• Adds meaning to fingersticks 
 



Blinded vs Nonblinded CGM 
Tracings 

      p-value 

•  21% less time <55 mg/dl <0.001 

•  23% less time >240 mg/dl <0.001 

•  26% more time in target <0.001 

• (81 – 140 mg/dl) 
 

(Garg et al, Diabetes Care 27:1922,2004) 
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Presentation Notes
CGM influence on glucose levels



CGM: Long-Term 
Benefits 

• Reduce HbA1c 
• Identify patterns  
• Test and fine-tune basal, ISF, and 

I:C 
• Improve hypoglycemia 

unawareness 



HbA1c: Comparing CGM with 
SMBG and SAP 

Ann Intern Med. 2012;157(5):336-347. doi:10.7326/0003-4819-157-5-201209040-00508 
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Presentation Notes
This is a busy graphic which Include ther esutls of a metanalysis published in Annals iof Internal Medicine in 2012 evaluating CGM and SMBG with MDI vs Pump therapy. SMBG = self monitoring of blood glucoseSAP – sensor augmented pump therapyComparison of rt-CGM with SMBG and SAP use with MDI + SMBG among T1DMean between group difference in the change from Baseline hbA1c 8 trials of at least 12 weeks demonstrated CGM reduced HbA1c more than CMGHeterogeneity in studies explained by sensor adherenceSensor adherence actually associated with HbA1c level reduction, high strength evidence, risk of bias low with 6 good quality studies. Error bars = 95% CIShaded boxes = individual study point estimatesBox size corresponds with weight of study* pts 15-24 yo+ pts 8-14 year++ pts >25 yo



From: Comparative Effectiveness and Safety of Methods of Insulin 
Delivery and Glucose Monitoring for Diabetes Mellitus: A 
Systematic Review and Meta-analysis 
 

Ann Intern Med. 2012;157(5):336-347. doi:10.7326/0003-4819-157-5-201209040-00508 
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Presentation Notes
Anotehr way to look at the data – hMeta-analysis of 5 studies of patients <18 years   no mean between group difference but adherence greatly impacted the study



Sensor Adherence and Difference in 
HbA1c Between rt-CGM and SMBG 

Ann Intern Med. 2012;157(5):336-347. doi:10.7326/0003-4819-157-5-201209040-00508 
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Presentation Notes
Adherence with Sensor and Between-Group Difference between re-CGM and SMBG in HbA1c ChangeHigher adherence (>60%) sensor use had greater reduction in HbA1c



CGM in Pediatrics: 
Consensus Statement 

• RT-CGM: effective for lowering HbA1c, reaching target 
HbA1c and reducing MAGE without increased frequency 
of severe hypoglycemia 

• RT-CGM: Effective for reducing severe hypoglycemia & 
reducing time spent in hypoglycemic range. 

• Effectiveness of RT-CGM in pediatric population with T1D 
significantly related to amount of sensor use. 

• SAP effective means to treat youth of all ages at onset of 
disease 

• SAP effective in lowering HbA1c among those with 
elevated HbA1c on MDI with SMBG 

• Intermittent, retrospective or real-time CGM can be used 
to detect dawn phenomenon, post-prandial 
hyperglycemia, asymptomatic & nocturnal hypoglycemia 
& evaluating effects of changes in treatment. 
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Presentation Notes
consensus statement form European Society for pediatric endocrinology and Pediatric endocrine Society and the International Society for Pediatric and Adolescent Diabetes



CGM in Pregnancy 

J Diabetes Sci Technol. 2010 November; 4(6): 1368–1373. Published online 2010 November 1. 

Comparison of risk transform functions 

Presenter
Presentation Notes
This figure illustrates the patient risk fucntion described by Kovatchov that was adapted for fetal risk. It was based on data derived from CGM in pregnant women to assess risk for fetal complications. This is not a study of CGM effecicacy per say but demonstrates that its use can help clinicians identify high-risk patients.It is in mmol/liter but this line represents 13.8 mmo/l which is 250 mg/dl The transform funciton is a logarithmic calculation that can normalize raw BG data. These authors used this transform function to help use blood glucose data to better classify fetal risk in addition to HbA1c. It accounts for glycemic variabilityThey concluded that use of CGM data can help to assess the patient’s health risk fmore accuratelyThey found this to be helpful to focus efforts on these patients with substnatial need of specialized care. 



Mean HbA1c levels every four weeks in women receiving standard antenatal care 
(n=33) or antenatal care plus continuous glucose monitoring (n=38).  

Murphy H R et al. BMJ 2008;337:bmj.a1680 

©2008 by British Medical Journal Publishing Group 

Presenter
Presentation Notes
Earlier studies of CGM in pregnancy, this one published in the Brittish Medical Journal in 2008, demonstrated that using the data from CGM (blinded) could help to improve glycemic control. This graphic is an intention to treat. HbA1c levels improved in the 3rd trimester in this study. Fig 2 Mean HbA1c levels every four weeks in women receiving standard antenatal care (n=33) or antenatal care plus continuous glucose monitoring (n=38). Vertical lines are standard deviation at each time point



Distribution of birthweight standard deviation scores for 62 healthy living singletons of mothers 
in continuous glucose monitoring arm (n=32) or standard antenatal care arm (n=30). *Infants of 

mothers who withdrew from intervention arm (included in intention to treat analysis).  

Murphy H R et al. BMJ 2008;337:bmj.a1680 

©2008 by British Medical Journal Publishing Group 

Presenter
Presentation Notes
In addition, macrosomia was reduced in women with CGM. However, rates were still 3. times hihger than the general maternity population. Fig 3 Distribution of birthweight standard deviation scores for 62 healthy living singletons of mothers in continuous glucose monitoring arm (n=32) or standard antenatal care arm (n=30). *Infants of mothers who withdrew from intervention arm (included in intention to treat analysis). Thick lines indicate medians and thin lines interquartile ranges



RT-CGM in Pregnancy 

Copied from  Voelmle MA, Gottliebe P, Ellis S, Wallace A & Gerard L. 2007. DiabetesPro Abstract # 0440-P.  
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Presentation Notes
An even earler study examined use of the first generation Dexcom STS or Medtronic Paradigm RT, real time CGM in pregnancy, initiated at 16.8 weeks. Comapred to computer matched age, gender, druation of diabetes etc.Significant reductions seen in mean A1c values at all time points in sensor group with trending toward worsening A1c at 7 months in controlMean birth weight for sensor group was 3309 grams compared to 3688 grams in the control group. Noted that the patients wore the CGM at least 50% of the timeThere have been several other studies published more recnetly using constant or intermittent CGM. Variable results. However, it would make sense that CGM would improve glcyemic control and therefore outcomes if used continuously rather than intermittently based on previous graphic. 



CGM in Type 2 Diabetes  
• Adults with type 2 

diabetes NOT on 
prandial insulin had A1c 
decrease (mean – 1.16% 
over a year) with RT-
CGM used intermittently 
for 12 weeks. 

• CGM tracings can 
prompt changes in 
lifestyle or adherence to 
medications moreso 
than SMBG 

Vigersky R A et al. Dia Care 2012;35:32-38 

Change in HbA1c from Baseline 

Presenter
Presentation Notes
Data is limited with regard to the benefits of CGM use in pts with tyep 2 diabetes. Though it is used increasingly as an outcome measure for these patients, very few studies have been conducted to evaluate the actual impact of CGMInteresting study done at Walter Reed Medical Center published in Diabetes Care in 2012 Looked at 100 adults with type 2 diabetes for at least 3 months (A1c 7-12%) and placed the experimental group on RT CGM for 8 weeks over 12 weeks Evaluated glucose metrics over the subsequent 40 months.CGM group had A1c reduction  by 1.0, 1.2, 0.8 and 0.8 at 12, 24, 38 and 52 weeksSMBG group had reduction of 0.5 for the first 3 visits and 0.2% at last visitThose compliant with protocol had best effectNo difference in intensification of medication compared to SMBG roup----------------Mean A1C change from baseline by treatment group. Change equals later A1C minus baseline A1C. This figure shows the raw mean changes and SEMs. A separate multilevel model of the actual A1C values, with a transformation of the time variable to reflect the deceleration of change over time (1/time2, with time defined as 1–5), showed that the decline in A1C over the course of the study differed between the groups net of other factors known to cause A1C change: age, sex, diabetes therapy, and initiation of insulin during the study. Specifically, the results of a multilevel model found that the decline for the SMBG group was 0.51% (P = 0.002) and the decline for the RT-CGM group was 1.16% (P < 0.0001). These estimates must be multiplied by 1/time2 to obtain the change in A1C, which occurred at each time point.



CGM: Indications 



CGM: Indications 
• Those with type 1 diabetes and … 

o Hypoglycemic unawareness/frequent 
hypoglycemia “judged to be excessive, potentially 
disabling or life-threatening” 

o Excess glycemic variability 
o Requiring HbA1c reduction without increased 

hypoglycemia 
o Preconception and pregnancy 

• Children and adolescents with HbA1c <7% 
(highly motivated patient and family) 

• Youth with HbA1c >7% who will use it on a 
near-daily basis 
 

Presenter
Presentation Notes
AACE guidelines issued in 2010



CGM: Indications (cont) 
• Good candidates but trial for 2-4 

weeks recommended 
o Youth with frequent SMBG 

oCommitted families of young children (<8 
years), especially if problems with 
hypoglycemia.  



CGM: Available Options 



Medtronic Guardian® Real-time 
• Integrated with MiniMed 

Paradigm® Revel insulin pump 
• Predictive alerts 
• FDA approved for children 
• FDA approved for 3 day use 
• Data downloadable to online 

program with detailed analysis 
& excellent graphics 

• Accuracy: MARD = 20% 
• Introducer needle: 22 gauge 
• Lag time 10-20 minutes 
• Data withheld if miss 

calibration 
• Must calibrate when blood 

glucose is stable 
 

Presenter
Presentation Notes
MARD = mean absolute relative difference = calculation measures average disparity between the sensor and the reference measurement* Lower Is better



Dexcom G4™Platinum 
• Can be worn with any therapy 
• Can input insulin, activity, illness 
• Customizable alerts (including 

high-volume) 
• FDA approved for 7 days 
• Data downloadable to software 

with detailed analysis and graphics 
•  Accuracy: MARD = 13% 
• Introducer needle 26 gauge 
• Lag time 5-10 minutes 
• Can calibrate regardless of rate of 

change 
• Acetaminophen falsely elevates 

readings 
• Plans for integration with: Animas 

(Vibe), Tandem etc. 
 
 
 

Presenter
Presentation Notes
Mean absolute relative difference = difference from sensor reading and POC glucose reading



Differences Between 
Systems 

 
MARD 

% in 
Clark A 

SMBG 10-15% 

Dexcom Seven 
PlusTM 

15.9% 69% 

Dexcom G4TM 14% 78% 

Medtronic 
Paradigm® 

19.7% 61.7% 

Presenter
Presentation Notes
This is just for reference and will play an important part when I’m discussing the future CGMsCGM is judged by accuracy, which is evaluated by:Mean absolute relative difference  the lower this is the better the valueRepresents the average difference from the actual blood glucose valueUsing the clark grid – there are different zones. The goal Is to have all of the values in zone ARepresents clinically accurate and would lead to correct treatment decisionsZone B is okay too, and values falling in this range would lead to benign decisions or nor treatment.



Using CGM Data in 
Patient Care 



Using CGM Info 
• Download review:  

o Basal check 
o Insulin:carb check 
o Correction factor check 
o Trending 

• Real-time data:  
o Adjust correction factor and I:C for hyper- 

and hypoglycemia 
o Glucose if dropping  
o “Stay between the lines”  



Downtrending Blood 
Glucose 

• Predictive hypo or 1 arrow 
down and stabilizing: 
o Less treatment 

• Less than usual carbs for 
correction 

• Medium GI food 
• Decrease bolus 10% 

• Hypo alert or rapid drop (2 
arrows down): 
o Aggressive treatment: 

• High GI food 
• Full or increased carbs 
• Decrease bolus 20% 



Uptrending Blood 
Glucose 

• BG stable – flat 
o Usual I:C + ISF 

• BG rising gradually 
(1 arrow up) 
o Increase bolus 10% 

• BG rising sharply  
(2 arrows up) 
o Increase bolus 20% 

 



Future of CGM 



Combined Technologies 
 Artificial Pancreas 



Multiple Studies 
• Multiple Groups 

• JDRF 
• Helmsley Trust 
• Government 

funding bodies 
• Medical device 

companies 
• Independent 

research groups 

• Variations: CGM +  
• Insulin + glucagon 
• Insulin + pramlintide 
• Insulin + Heat patch 

Presenter
Presentation Notes
Several different algortithms being testedIn Australia, Medronic running algorithm on a BlackBerry smart phoneItaly and France, researchers using mobile phones and tablet computers to condut trials in hotelsU of Virginia and Sansm Diabetes Research institute also conducting trialsTrials include different modificationsSeveral groups using dual infusion of glucose and glucagonOther groups using pramlintide and insulinPatch to heat skin befor insulin released to augment uptake



Fiber-Optic Sensors 

http://www.eyesense.com/en/konzept_fiber.htm 

Presenter
Presentation Notes
Abb. 1 Schematic Representation of the FiberSense System. Lower left: Cross-section of the skin with optical fiber (light blue) and sensor (dark blue) as well as plaster and coupling on the skin surface. Lower right: FiberSense System with optical fiber and sensor, plaster an coupling, light guide connection (red and black) and fluorescence detector (blue).FiberSense recently published data using a Fiberoptical sensor. The sensor material is located at the tip of an optical fiberFiber placed at a defined depth under the skin and fixed thereExcitation and detection done with miniaturized opticsOptics housing I sfixed to the skin with a long-term biocompatible plasterThe measured data are then sent to a reader or an app on a smart phone or handheld deviceMuller and colleagues in Germany conducted a study in which the sensor was iplanted in 6 patients with diabetes and remained there for 14 days. The patients were monitored then during 6 visits Placement at the upper arm demonstrated excellent results with overall mean absolute relative difference of 8.3^ with 94.6% of data in Zone A of the consensus error gridAbdominal application resulted in ARD of 11.4% with 93.8% of data in Zone A



Advanced Healthcare Materials 
Volume 2, Issue 1, pages 43-56, 26 NOV 2012 DOI: 
10.1002/adhm.201200167 

“Smart” Tattoos 

From Techdigitt Technology News. Michaelraj AM. Jan 30, 2013 

From: 
http://www.diabetesmine.com/2011/08/the-
tiny-tattoo-that-could-monitor-blood-
sugar-in-florescent-light.html  

Presenter
Presentation Notes
Self-monitoring of blood glucose. (a) Conventional intermittent glucose monitoring with an enzyme electrode strip. A blood sample from a pricked fingertip is dropped on the test strip. The glucose meter reads and displays the blood glucose concentration.(b) Continuous glucose monitoring with smart tattoos. Implanted glucose biosensors continuously respond to subcutaneous interstitial fluid, which reflects blood glucose concentrations. Transdermal signals from the implants correspond to blood glucose concentrations. Smart Tattoo:Like a normal tattoo, dye is injected under the skin. unlike a normal tattoo, the dye has special nanosensors that, when co-mingled with a particular molecule like glucose, “fluoresces” and is detectible by shining a little light on the tattoo.Dr. Heather Clark’s group has developed an optical advice to read the tattoos that attaches to the back of an iphone

http://onlinelibrary.wiley.com/doi/10.1002/adhm.v2.1/issuetoc


Eye Sensor 

http://www.eyesense.com/en/results_eye.htm 

Presenter
Presentation Notes
Another study in Germany investigated EyeSense yesensors. These sensors were placed in the eye of patients with both type 1 and 2 diabetes under local anesthesiaPatients collected data with small handheld fluorescence photometer at several measurement sessions over 6-8 monthsCalibrated fluorescence intensities taken during glucose challenge were compared to capillary blood glucoseImplants tolerated during entire study with wearing times at least 6 months to over 2 yearsResults: withn short wearing times (up to 1 month) all patients yielded accurate resultsSmall lag time notedLonger wearing time a capsule formed around the implant leading to increased lag timeThis was mitigaed using aylored biocompatible coating of the sensor in last cohortIn 1st week – MARD 7%; after 6 months MARD 14%Several other groups are investigating this technology, including glucose sensor integrated into contact lense



Functional Contact Lens 

http://www.research.microsof.com/en-us/collaboration/stories/functionalcontactlens.aspx 

Presenter
Presentation Notes
Researchers at the University of Washington paired with Microsoft to create a “functional” lens that actually tests blood glucose values.Glucose sensor detects glucose in the tear film – similar to interstitial glucoseEnvisions a way to automatically display important info, including alerts, in the lens-wearer’s viewThis way no receiver, no need to pull anything out to check, no vibrationsTechnology referred to as natural user interface



Conclusions 
• Diabetes is associated with long-term complications 

caused by “dysglycemia.”  
• Adequately controlling blood glucose values without 

increasing the risk of hypoglycemia is difficult. 
• Continuous glucose monitoring can help patients and 

their health care providers to optimize their diabetes 
regimen while limiting hypoglycemia. 

• Current CGM systems use subcutaneous sensors that 
measure interstitial glucose electrochemically. 

• Alternative approaches to continuous glucose 
monitoring are in development. 

• Prediction: continuous glucose monitoring will be the 
standard of care. 
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Questions? 
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