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Glucose Monitoring

 Evolution of diabetes care.

 SMBG.

 HbA1c.

 CGMS.

 Future technology.



Evolution of Diabetes Technology

Urine Test Strips

• Glucose Sensors
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Glucose Meters
• REAL- Time monitoring

• Incretin-based Therapies

• Inhaled Insulin 



Glucose Monitoring

First Glucose Meter



Current glucometers
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• Home blood glucose meters measure 
the glucose in whole blood, while most 
lab tests measure the glucose in plasma.

• Plasma glucose levels are generally 
10%–15% higher than glucose 
measurements in whole blood.

• Most of the modern meters on the 
market  give results as "plasma 
equivalent," even though they are 
measuring whole blood glucose.

• Sample sizes vary from 3 to 0.3 μl. 

• Test times almost 5 seconds. 

Glucose Monitoring
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SMBG supplies



SMBG Use & Frequency

 Insulin-treated patients should monitor their blood 
glucose level varies from person to person.

 At least four times a day. 

 Most commonly fasting, before meals, & before bed.

 In addition, patients using insulin can benefit by 
obtaining postprandial blood glucose readings to 
help them more accurately adjust their insulin 
regimen.





Common Errors in SMBG

 Using expired test strips.

 Wrong test strips code.

 Exposing test strips to humidity (leaving bottle 
open).

 Exposing test strips or glucometer to high 
temperature (e.g. Leaving in a car).

 Re-using lancets.

 Inaccurate meter – test annually compared to 
lab value.



Common Errors in SMBG

 Too small sample size.

 American Vs Canadian units.

 Low battery.

 Waiting too long before adding blood.

 Not washing hands before taking sample.

 Using rubbing alcohol to wash hands.





Glucometers:  Alternate Site Testing

Certain meters allow for testing from 
“alternative sites” (upper arm, forearm, 

base of thumb, thigh)

 Limitation: blood in tip of finger 
shows 
changes in glucose levels faster than 
blood in other parts of body

** Inappropriate for glucose 
concentrations after a meal, insulin or 
exercise, when these values may be 
changing rapidly



Limitations to SMBG

 Discomfort with the measurement.

 Motivational/behavioral issues, particularly in 
the adolescent subgroup.

 In many countries, the cost of SMBG 
monitoring is very expensive relative to the 
cost of living.

 Complete dependence of parents on their 
children to do it  in our population.



Meters 

with Built-

in Data 

Analysis

Meter Downloads 
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Data Management 
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Computer software 

and Data management 
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download of data for 
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HbA1c



History of Hemoglobin A1c

1978 – Assays commercially available.

1988 – ADA recommends routine testing.

Currently > 30 glycohemoglobin assay methods are 

available:

- immunoassays

- ion-exchange HPLC

- boronate affinity HPLC



A1C Goals for Children

young age group < 6 yr. = < 8 – 8.5 % 

6 – 11 yr. = <7.5%

12 – 20 yr. = <7.0%



A1c Derived Average Glucose 
(ADAG) Study and eAG

Translating the A1c assay into estimated average glucose 
Diabetes Care, August 2008

• Increased accuracy of 
HbA1c in reflecting the 
true average glycemia

• Results reported as A1c-
derived average glucose 
(in mmol and mg/dl) or 
“estimated average 
glucose”, eAG

A1C                 eAG

% mg/dl mmol/l

6 126 7.0

6.5 140 7.8

7 154 8.6

7.5 169 9.4

8 183 10.2

8.5 197 11.0

9 212 11.8

9.5 226 12.6

10 240 13.4



Non – invasive glucose monitoring



Glucowatch

GlucoWatch 

Biographer®, 

CygnusResults are affected 
by sweating, hair
with almost 20 
minutes lag as well
sensors have to be
changed every 20 
minutes, with high 
costs.

• Iontophorèse inverse

• Etalonnage 1/j

• Durée: 12h

• 97% corrélation BG

• 20 min délai réponse



CGMS
Continuous Glucose Monitoring System

• test glucose in the IF
every few minutes for up               
to 7 days

• alarm system warns if   
glucose rapidly changes

• real time results



 Monitoring of SC interstitial glucose is the current way to
approach blood glucose.

 Enzymatic sensors using Glucose Oxidase are the currently
used sensing systems.

 All are at least minimally-invasive.

 They allow retrospective (‘Holter-style’) or ‘On-line’ 
monitoring. 

 Obtained data are blood glucose estimations according to
sensor signal calibration.

Continuos Glucose Monitoring in the Clinical 
Setting: How to perform it?



Needle-type Subcutaneous Glucose Sensor

Glucose    Oxidase

2e-

Glucose

Interstitial 

Fluid

Gluconic Acid

Semi-permeable

Membrane

Pt Electrode
0.5 volts

To Monitor

CGMS®, Medtronic Guardian RT®, Medtronic STS®, DexCom



Sensor

 A tiny, sterile, flexible electrode 
inserted just under the skin

 The sensor measures  glucose
values every 10th second, up to 
5-7 days



Interstitial Fluid Measurement

Interstitial fluid glucose (G2) is almost always comparable 
with blood glucose (G1)



CGMS

 Minimally invasive sensors use a catheter or a 
small plastic chip containing a sensor inserted 
into the subcutaneous space to measure the 
interstitial glucose.

 They are replaced every 3-7 days and require 
calibration 2-3 times daily with SMBG. 



GLUCOSE SENSOR
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Abbott Freestyle Navigator®
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Trends better than just points

Insight
Not clue what 

to do!!



Dexcom sensors





Glucose Monitoring - CGMS

 By analyzing the trends, the
patient or the physician can
adjust insulin.

 Leads to better glycemic control.
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Reports from the web-based CareLink™ Personal Software



Benefits of CGMS

 Increased security from 
alarms & alerts. 

 Immediate feedback - look 
and learn.

 BG trend provides more 
information than static 
readings.

 Control & safety.



Limitations  of CGMS*

 Interference with glucose readings by sensor can occur 
with certain substances
- i.e.gluthatione, ascorbic acid,  uric acid, salicylates 

 Lag-time for up to 15 minutes when glucose changes 
rapidly.

 Overall percentage of error – near 15%.
 Guardian Real-Time  – 17%

 Dexcom - 11-16%

 Navigator                       12-14%

*  E. Cenzic, MD and William tamboriane, MD. A Tale of Two Compartments: Interstitial Versus Blood Glucose Monitoring. DIABETES 

TECHNOLOGY & THERAPEUTICS. Volume 11, September 2009.



Summary

 Home blood glucose meters measure the glucose in 
whole blood, while most lab tests measure the glucose in 
plasma.

 Plasma glucose levels are generally 10%–15% higher than 
glucose measurements in whole blood.

 Most of the modern meters on the market  give results 
as "plasma equivalent," even though they are measuring 
whole blood glucose.

 Monitoring of SC interstitial glucose is the current way to 
approach blood glucose.

 In near future, Non-invasive glucose monitoring via 
implanted nanosensors will be available.




