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INTRODUCTION
Fourteen years after the publication of the
Diabetes Control and Complications Trial
(DCCT) results (1), the majority of patients
with type 1 diabetes do not meet recom-
mended glycemic control targets. The pedi-
atric population presents unique challenges.
Recent implementation of technological ad-
vances in the management of pediatric type
1 diabetes creates an exciting time for the
diabetes community.  Safety and efficacy of
new therapies are commonly demonstrated
first in adult patients with pediatric studies
following.  Continuous glucose monitors
(CGM’s) have shown, in preliminary stud-
ies, the potential to improve glycemic con-
trol in adults and children. Advances in tech-
nology assist us to more closely mimic nor-
mal physiology, thereby achieving improved
glycemic control, leading to fewer acute and
chronic diabetes complications.  In addition,
technological advances will allow our pa-
tients to achieve intensive management with
improved quality of life, more flexibility, and
fewer burdens.  Here we will describe the
current state of the art, a large study of
CGM’s being funded by the Juvenile Diabe-
tes Research Foundation (JDRF), challenges
in applying these new tools in practice, and
gaze toward the future of closed-loop auto-
mated insulin delivery.

GLUCOSE MONITORING
Successful management of type 1 diabetes
in children and adolescents requires the co-
ordination and balance of multiple, and some-
times, unpredictable variables.  Children and
their caregivers must take into account varia-
tions in the timing, composition, and size of
meals and duration, intensity, and type of
physical activity when they are adjusting
insulin doses.  Self-monitoring of blood glu-
cose is one tool that assists the patient or
caregiver most readily in making these treat-
ment decisions.  However, blood glucose
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monitors, provide only episodic data and do
not provide information on the rate and di-
rection of change in the blood glucose con-
centration.  CGM is a recent technological
advance that provides real-time blood glu-
cose data every 5 minutes (every 1 minute in
some models), allowing the patient and the
healthcare provider to track blood glucose
throughout the day.  This technology will
provide detailed information about blood
glucose fluctuations: extent, duration, and
frequency of hyper- or hypoglycemia; rela-
tionship of excursions in blood glucose to
certain activities or foods; and trend data to
help the individual predict and possibly pre-
vent periods of hyper-or hypoglycemia.  In
addition, CGM is the first step in closing the
loop for an artificial pancreas.

Continuous glucose sensing provides op-
portunities for improved glucose control in
three arenas. First, it provides alarms for high
and low glucose values.  Second, it provides
a means for real time insulin adjustments
based not only upon the glucose value but
whether the blood glucose is rising, falling,
or stable at that moment. Third, continuous
glucose sensing allows a retrospective re-
view of glycemic excursions based upon time
of day, activity level, and food intake that
can be used to refine insulin adjustments .
Potential advantages also include less fre-
quent and less severe hypoglycemia.  A
study by Garg et al. evaluated the safety and
efficacy of the DexCom STS™ device, using
the original short-term (72 hr) real-time con-
tinuous glucose-sensor (STS System;
DexCom, San Diego, CA) (2). Use of this sen-
sor was associated with a decreased amount
of time spent in hyper- and hypoglycemic
ranges while increasing the time in the
euglycemic range. Diess et .al (3) showed in
children and adults that patients utilizing
CGM (the Medtronic Guardian RT) achieved
a significant A1c reduction without addi-

tional hypoglycemia. Bailey et al. (4) demon-
strated similar A1c reductions in adults uti-
lizing the DexCom sensor.

There are currently two FDA-approved
manufacturers of real-time continuous glu-
cose sensors for use in adults 18 years of
age and older and one awaiting approval,
one device is FDA-approved for use in chil-
dren ages 7-17.  The DexCom STS™ Con-
tinuous Glucose Monitoring System was
approved in March 2006. The wireless sen-
sor device determines glucose levels in sub-
cutaneous tissue and radio transmits glu-
cose data to the receiver every 5 min for up
to one week with a recently approved sen-
sor.  MiniMed offers the only CGM devices
currently approved for use in children, one
is a stand-alone device and one is coupled
to an insulin pump although the glucose data
are not used to dose insulin. The MiniMed
Paradigm REAL-Time System (approved
April 2006) communicates with the Paradigm
522/722 pumps and the MiniMed Guardian
Real-Time System (approved July 2006) com-
municates with a separate monitor.  Both
systems transmit blood glucose data every
5 minutes for up to 72 hours.  The Guardian
Real-Time System alarms when the sensor
predicts a low or high blood glucose based
on the latest sensor glucose and rate of
change and also alarms for a rapid rate of
change in glucose. Finally, the Freestyle
Navigator  (Abbott Diabetes Care,
Alameda, CA) is a 5-day real-time continu-
ous glucose monitor awaiting FDA approval.
The Navigator  displays blood glucose
values every minute with the direction and
rate of change also displayed.  The Naviga-
tor uses vector technology to alarm up to 30
minutes before it predicts the occurrence of
a low or high glucose target.  Currently, no
sensors are approved as replacement for tra-
ditional blood glucose monitoring.
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Questions regarding the safety, accuracy,
and psychological impact of continuous glu-
cose monitors in the pediatric population
remain.  It is possible that CGM will reduce
anxiety about hypoglycemia, but it may also
increase anxiety when the continuous glu-
cose monitor data and results from traditional
self-monitoring do not agree.  In addition,
the amount of blood glucose data may over-
whelm a patient and family and increase the
burden of diabetes management.  The Dia-
betes Research in Children Network
(DirecNet) Study Group recently published
data on the psychological outcomes from a
randomized trial of the GlucoWatch G2 Bi-
ographer (Cyngus, Inc., Redwood City, CA)
(5). Results from surveys measuring diabe-
tes treatment adherence, diabetes-specific
quality of life, and diabetes-related anxiety
demonstrated that there were no adverse nor
beneficial psychological effects of CGM us-
ing the GlucoWatch G2 Biographer.  How-
ever, the GlucoWatch differs enough from
the other currently available technologies
such that the results from this trial may not
be transferable to other sensors.

THE FUTURE
Recently the JDRF launched a large multi-
centered randomized controlled trial to test
the effectiveness of continuous glucose sen-
sors in children and adults. The study is
powered to detect a reduction in A1c after 6
months of CGM use in patients with an ini-
tial A1c above 7.0%. Additionally, a second
cohort of patients who enroll with A1c lev-
els below 7% will be monitored for hypogly-
cemia reduction. A number of other out-
comes will be captured for all study partici-
pants, including measurements of time spent
hypo- and hyperglycemia, glycemic variabil-
ity, clinical hypoglycemic events, and a num-
ber of metrics of quality of life. Devices from
all three of the manufacturers described
above are being utilized. We expect another
outcome of this trial to be the development
of implementation and dissemination tools
and algorithms for optimized use of CGM’s.
The “holy grail” of diabetes technologies
would be an automated fully closed-loop
insulin delivery system that would regulate
blood sugars like the beta cell. The limita-
tion in developing such a system has been
the lack of a robust continuous glucose
monitor and a mature control algorithm that

would drive the insulin delivery system. To-
day, as we have described, the former is rap-
idly maturing to the point of potentially be-
ing robust enough to drive such a system.
In parallel to the study described above, the
JDRF is currently funding a consortium of
diabetologists, engineers, and mathemati-
cians to develop and test the latter – the
control algorithms. Encouragingly, the pre-
liminary results are extremely promising.
Using “off the shelf” components – in this
case a Medtronic CGM and Pump – a group
led by Dr. Stuart Weinzimer at Yale has shown
excellent feasibility data of a fully closed-
loop system in teens with type 1 diabetes
within the GCRC. Work is rapidly evolving
and points to an exciting time where some
degree of insulin delivery may be automated.

CONCLUSIONS
The evolution of glucose monitoring from
urine testing to single point capillary blood
glucose to continuous interstitial glucose
measurement provides us with amazing op-
portunities to normalize blood glucose, but
also with considerable challenges to handle
data, obtain reimbursement, and train pa-
tients and providers alike in sensor use and
trend interpretation.  These technological
advances offer patients, families, and
healthcare providers with new approaches
to managing pediatric type 1 diabetes with
the potential for improved glycemic control
and quality of life.  The next 10 years will
hopefully bring additional technological ad-
vances that will close the loop for an artifi-
cial pancreas and approach a cure for type 1
diabetes.

REFERENCES
1. DCCT Research Group: The effect

of intensive diabetes treatment on
the development and pro g
ression of long-term complica-
tions in insulin-dependent
diabetes mellitus: the Diabetes
Control and Complications Trial.
N Engl J Med329:977–986, 1993

2. Garg S, Zisser H, Schwartz S,
Bailey T, Kaplan R, Ellis S,
Jovanovic L: Improvement in
glycemic excursions with a
transcutaneous, real-time
continuous glucose sensor: a

randomized controlled trial.
Diabetes Care 2006, 29:44-50.

3. Deiss D, Bolinder J, Riveline JP,
Battelino T, Bosi E, Tubiana-Rufi
N, Kerr D, Phillip M. Improved
glycemic control in poorly
controlled patients with type 1
diabetes using real-time continu-
ous glucose monitoring. Diabetes
Care. 2006, 29: 2730-2.

4. Bailey TS, Zisser HC, Garg SK.
Reduction in hemoglobin A1C
with real-time continuous glucose
monitoring: results from a 12-
week observational study.
Diabetes Technol. Ther. 2007.
9:203-10

5. The Diabetes Research in
Children Network (DirecNet)
Study Group: Psychological
aspects of continuous glucose
monitoring in pediatric type 1
diabetes. Pediatr Diabetes 2006,
7:32-38.




