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In Brief

Continuous glucose monitoring (CGM) technology has the potential to
revolutionize diabetes care in the near future because of the real-time feed-
back it provides about therapeutic interventions and variations in lifestyle
or dietary intake. In short, CGM has made the attainment of near-normal
blood glucose concentrations an achievable goal for most patients with
diabetes. Several challenges remain to be addressed, however, including the
high cost of the devices, limitations in approved clinical uses, and insurance
coverage for the technology. This article reviews the CGM technology cur-
rently available in the United States, its approved uses, and its limitations.
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There is a long history of techno-
logical advances being translated
into improved diabetes management.
A few examples include the discovery
and mass production of insulin, the
adoption of simple urine testing for
glucose and ketones, the develop-
ment of effective oral diabetes medi-
cations, the development of accurate
capillary blood glucose measurement
devices, and the refinement of practi-
cal and reliable subcutaneous insulin
infusion pumps. More recently, engi-
neering and scientific advances have
allowed the development of con-
tinuous glucose monitoring (CGM)
devices that have proven useful
for the day-to-day management of
diabetes. Although these devices
are expensive and not yet widely
adopted by diabetes practitioners or
patients, they have the potential to
revolutionize diabetes care and make
the attainment of near-normal blood
glucose concentrations a reality.

CGM: A Significant Advance in
Diabetes Care

Accurate determination of blood glu-
cose concentrations is a prerequisite
for the application of state-of-the-art
intensified diabetes management.
Until very recently, this determination
could only be achieved by the attain-
ment of multiple capillary blood
glucose determinations each day, a
practice that is cumbersome, incon-
venient, expensive, and a significant
disincentive to achieving target blood
glucose goals. Even when applied
conscientiously, self-monitoring of
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blood glucose (SMBG) provides only
a snapshot blood glucose concentra-
tion without providing any informa-
tion about the direction or rate of
blood glucose change. As a result,
many patients are unable to achieve
blood glucose targets despite testing
their blood glucose multiple times
daily. CGM represents a significant
advance because it 1) provides real-
time information about current blood
glucose (or, more accurately, intersti-
tial fluid glucose) concentrations, 2)
provides short-term feedback about
the effectiveness of diabetes interven-
tions (such as insulin administration),
and 3) it provides warnings when
blood glucose concentrations become
dangerously high or low.

The purpose of this article is to
provide a review of the strengths and
weaknesses of current CGM tech-
nology and to provide information
about how these devices can best be
used in clinical practice for the care
of people with diabetes.

Purpose and Target Population

The importance of CGM is best
illustrated by an example that many
patients with type 1 diabetes face on
a daily basis. Suppose that John Doe,
who has type 1 diabetes, commutes
60 minutes to work from his home
in the suburbs. As recommended by
his physician, he consistently checks
his blood glucose level immediately
before getting into his car and heading
home from work at 5:00 p.m. This
evening, his blood glucose concentra-
tion is 120 mg/dl, whereas just before
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lunch it was 90 mg/dl. He consumed
his usual lunch of 800 calories,
including 100 g of carbohydrate, and
he took 12 units of lispro insulin via
an insulin pump as recommended by
his physician. The question is: Is it
safe for John Doe to drive home, or
should he eat a snack? He is hesitant
to eat a snack because he fears that
he will become hyperglycemic before
supper, and he is trying to keep his
hemoglobin A, (A1C) < 7%.

There is no correct answer to
John Doe’s dilemma with the limited
information available to him. How-
ever, if provided with additional glu-
cose readings that are available with
CGM technology, an answer to his
dilemma is readily apparent (Figure
1). Despite the fact that his current
blood glucose is 120 mg/dl, his CGM
sensor, which provides a reading
every 5 minutes, clearly demonstrates
that his blood glucose concentration
is rapidly declining and will most
likely be in the hypoglycemic range
before he arrives home. Therefore,
he should eat a carbohydrate snack
before driving home to prevent a
motor vehicle accident.

It is reasonable to ask what could
account for John Doe’s rapid decline
in blood glucose after a normal lunch
and insulin dose. There are several
answers to this question that occur
commonly in patients with type 1
diabetes. First, the absorption of his
lispro might have been delayed by its
injection into a relatively avascular

place in the skin. As has been well
documented by many previous stud-
ies, the absorption of insulin is altered
by the location, skin temperature,
and depth of the insulin injection.
Second, the rate of gastric food emp-
tying is subject to many variables,
including an increased rate during
hypoglycemia and a delayed rate dur-
ing hyperglycemia. If John Doe has
subclinical gastric neuropathy, then
his gastric emptying may be increased
or delayed without his recognition.
Finally, his rate of gastric emptying
may be altered by his activity, his
degree of stress, or the composition
of the food that he eats. Therefore,
it is not surprising that unpredictable
blood glucose values are common in
type 1 diabetic individuals.

Who will benefit from CGM?

Two types of diabetic individuals will
potentially benefit from CGM. First,
as in the example above, all type 1
diabetic patients are candidates for
CGM, because all type 1 diabetic
individuals are prone to hypogly-
cemia. These individuals are not
able to secrete endogenous insulin
and therefore cannot suppress the
circulating concentration of insulin
when their glucose level is dropping
to hypoglycemic levels. Second, type
2 diabetic individuals who are depen-
dent on exogenous insulin (which
usually occurs after several years
of diabetes) may also benefit from
CGM. This is particularly true if they

What additional information can CGM give you?

Figure 1. A bypothetical clinical dilemma that can be resolved with CGM

technology.
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experience hypoglycemia when try-
ing to maintain their A1C < 7%. In
fact, any individual who experiences
hypoglycemia will benefit from the
hypoglycemia warning that CGM
provides.

The above paragraph needs to be
tempered with the realization that
CGM is not free of problems. First,
CGM requires some dexterity with
the hands; some patients may have
difficulty inserting the sensor because
of peripheral neuropathy affecting
their hands. Second, CGM requires
a minimal level of mechanical abil-
ity because of the need to interact
frequently with the sensor’s readout
and to appropriately respond to its
alarms. It is not necessary for an
individual to use an insulin pump to
benefit from CGM, but it is necessary
for the individual to use some form
of intensive insulin therapy because
of the need to check the sensor’s
readings against finger-stick blood-
glucose measurements twice daily.
Finally, and most important to CGM
users, is the cost of CGM to individu-
als. Most insurance companies do
not routinely cover the cost of CGM,
which typically averages $5-10 per
day, depending on the longevity of
the glucose sensor. This cost is pro-
hibitive to many individuals.

Review of CGM Technology

CGM systems operate by measur-
ing the glucose levels in interstitial
fluid. The devices consist of three
components: a disposable sensor that
measures glucose levels, a transmit-
ter that is attached to the sensor, and
a receiver that displays and stores
glucose information. The informa-
tion stored in the receiver is then
converted into estimated mean values
of glucose standardized to capillary
blood glucose levels measured during
calibration.

Using an applicator or self-inser-
tion device, a thin plastic sensor is
inserted just under the skin of the
abdomen or the upper arm. These
devices can display real-time glucose
values and glucose trends, and some
can also sound an alarm or vibrate
when they detect hyperglycemia or
hypoglycemia. The receiver can store
information for later use, and long-
term data can be downloaded to a
computer.

Currently available CGM devices
are considered minimally invasive
enzyme-coated electrodes to measure
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Table 1. A Summary of the Devices Reviewed?®

Product Year Sensor Sensor Sensor Calibra- Sensor Frequency | Glucose Alarm
Approved | Type Mecha- Location | tions Life Span | of Testing | Data
nism per (hours) (minutes) | Display
Lifetime
of Sensor
MiniMed | 2004 Minimally | Enzyme- | Subcuta- | 12 72 5 Real-time | Yes
CGMS invasive tipped neous arm
Guardian catheter
DexCom | 2007 Subcu- 2 168 5 Yes
STS taneous
abdomen
Abbott Under Subcuta- | 1 72 1 Yes
Freestyle | FDA neous arm
Navigator | review
interstitial glucose concentrations  DexCom Short-Term System (STS) Other CGM systems

and convert these values to blood
glucose levels. The catheter has
electrodes impregnated with glucose
oxidase, which is introduced into the
subcutaneous tissue. The reaction
between interstitial fluid glucose and
glucose oxidase located on the elec-
trode produces hydrogen peroxide.
This reaction converts the interstitial
glucose into an electrical current pro-
portional to the glucose concentration
at the site of the catheter insertion.
Devices using enzyme-coated cath-
eters require frequent calibrations
to correct variations in the reaction
between the electrode and the subcu-
taneous tissue, as well as fluctuations
in glucose and oxygen diffusion at
the site of the electrode.!?

There are currently three CGM
systems available in the United States.
These devices are reviewed below
and summarized in Table 1.

Medtronic MiniMed Guardian

This device, approved by the U.S. Food
and Drug Administration (FDA) in
2006, has several advantages over the
previously available MiniMed Gold,
a primitive device that did not display
real-time glucose results and required
downloading of data to a computer
every 72 hours for visualization. The
Guardian reports glucose values in
real-time, allowing patients to respond
immediately to glucose excursions. In
addition, it reports the trend of the
glucose values in numerical and graphic
depictions. Glucose values are sent
wirelessly to the monitor at a range of
up to 6 feet. The Guardian also has an
alarm system to detect hyperglycemia
and hypoglycemia.

The DexCom STS is available with a 7-
day sensor that was approved for use in
2007. It uses a glucose oxidase-coated
catheter inserted subcutaneously into
the abdomen. The glucose concentra-
tion is measured every 5 minutes, and
values are transmitted in real-time to
an adjustable wireless receiver. The
STS has a built-in alarm system to
alert patients to glucose excursions. It
requires two calibrations daily during
the life span of the sensor.

Abbott Diabetes Care Freestyle
Navigator

The Navigator is a minimally inva-
sive CGM device that received FDA
approval just as this issue was going
to press. It also uses a glucose oxi-
dase enzyme-coated catheter inserted
subcutaneously. Glucose readings are
performed every minute for up to 72
hours and are presented as real-time
data. The transmitter sends data wire-
lessly to a receiver up to 10 feet away.
The Navigator provides the trend of
glucose values as indicated by an
arrow visible on the monitor. The
arrow indicates whether the glucose
value is stable (horizontal), increas-
ing (arrow up), rapidly increasing
(arrow sharply up), decreasing (arrow
down) or rapidly decreasing (arrow
sharply down). Glucose values can
be downloaded to a computer for
retrospective review. The device has
an alarm system to indicate glucose
excursions outside a preset range.
Compared to other enzyme-based
catheter systems, the Navigator only
requires one calibration during a 72-
hour period.'?
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The MiniMed Paradigm REAL-Time
System integrates the Paradigm 522
or 722 continuous subcutaneous
insulin infusion pump with a CGM
system. Patients wear a sensor and
transmitter for up to 3 days at a time.
The measured interstitial glucose lev-
els are sent wirelessly to the insulin
pump monitor, which displays a 5-
minute glucose average. In addition,
The FDA approved the Medtronic
iPro Recorder in January 2008. This
product will be available for physi-
cian-only use and not for patient
purchase. Patients borrow the iPro
Recorder from their physician and
wear it for 3 days. The iPro is similar
to the sensor-transmitter device used
in the Paradigm pump described
previously and records 72 hours of
glucose data on a tiny chip. A moni-
tor is not provided for patients to
view glucose values at home. Instead,
the device is downloaded at the
physician’s office after the recording
period has been completed.

Accuracy and Comparison With
Capillary Blood Glucose

Are CGM devices accurate

enough to replace finger-stick
measurementss

CGM systems have the potential to
greatly affect the management of dia-
betes. Before they gain widespread
acceptance, however, physicians and
patients will need to feel confident
about the ability of these devices to
provide an accurate reading of blood
glucose. The accuracy of the currently
available devices has been studied by
a number of investigators, and many
report limited sensitivity, particularly
in the detection of hypoglycemia. A
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variety of methods have been used to
evaluate the accuracy of the devices,
including relative absolute difference
and error grid analysis. Relative
absolute difference is calculated by
subtracting the reference glucose
from that obtained by the device, then
dividing this by the reference value
and multiplying by 100 to obtain a
percentage. The lower the percentage
is, the greater the accuracy of the
dev1ce

The Diabetes Research in Children
Network (DirecNet) is a network of
five clinical centers whose focus is the
use of glucose monitoring technology
in children with type 1 diabetes. It
has evaluated the accuracy of the
Medtronic first- and second-genera-
tion CGM systems. Using the relative
absolute difference, these and other
studies have found that first- and
second-generation CGM devices
(not reviewed here) routinely over-
reported nocturnal hypoglycemia
with a high false detection rate.

Bode et al. compared home blood
glucose monitors with the results
obtained using Medtronic’s MiniMed
Guardian and found an absolute
relative error of 21.3%, with the
sensor reading an average of 12.8
mg/dl lower than the conventional
home meter.* In this study, the effect
of real-time alarms on glucose excur-
sions was also evaluated, with the
hyperglycemia alarm able to detect
values > 250 mg/dl with a sensitivity
of 63%, specificity of 97%, and false
alarm rate of 19%. Hypoglycemia
alarms detected values of < 70 mg/dl
with a sensitivity of 67%, specificity
of 90%, and false alarm rate of 47%.
Although the sensitivity and specific-
ity are poor, the investigators found
that alarms significantly reduced
the duration of hypoglycemic ex-
cursions.

Garg et al. evaluated DexCom’s
CGM 7-day sensor and found a mean
relative absolute difference of 13 =
10% when measured in the hypogly-
cemic (< 70 mg/dl) range, 20 = 22% in
the euglycemic range, and 33 = 32%
in the hyperglycemic (>180 mg/dl)
range.’ With the low alert set at 80
mg/dl, hypoglycemia was detected with
88% sensitivity, 91% specificity, and
54% positive predictive value. Using
fixed-point Clarke error grid analysis,
the investigators found that 97% of
values fell in the clinically acceptable
zones A and B, as described below.

Some have suggested that the
reduced accuracy in the hypoglyce-
mic range, especially at night, may
be the result of the lack of constant
lag period between interstitial and
plasma glucose. If true, this would
have implications about the best time
to calibrate the monitor. Techniques
such as those proposed by Feldman
et al., where calibration only occurs
during periods of slow glucose
change, may help to improve accu-
racy and reduce the occurrence of
false alarms.®

DirecNet, using the CGMS Gold,
compared calibration techniques and
found that increasing the number of
calibrations had only a modest effect
on accuracy, but that calibrating
during times of glucose stability and
placing less emphasis on daytime
calibration for nighttime values may
have a greater impact on accuracy.’

Clearly, evaluating the accuracy
of these devices is not simple because
most conventional measures of accu-
racy, such as correlation, regression,
or even the original Clarke error grid,
compare measurements taken during
static points in time and fail to take
into account the temporal nature of
the values. The continuous glucose
error grid appears to be a more
appropriate measure of accuracy,
but it is time-consuming, and some
are concerned that this method may
fail to detect differences in accuracy
between devices.

Although the currently available
data suggest limited accuracy of
these devices compared to capillary
blood glucose measurement (espe-
cially in the hypoglycemic range) and
point to the need for improvement
in the technology, it is important to
remember that both CGM and capil-
lary measurement have limitations
and that both provide estimates of
plasma glucose concentration as
determined by a gold standard assess-
ment. Nobody knows for certain
which method provides the better
estimate for the purposes of diabetes
management, and some have even
argued that the brain is bathed in a
fluid that resembles interstitial fluid
more closely than blood. Moreover,
it is also important to remember that
capillary blood glucose measurement
has limited accuracy in assess-
ing glucose concentrations in the
hypoglycemic range. In the end, we
must assess whether CGM provides
information that is accurate enough
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to be clinically useful and to improve
diabetes care. Finally, it is important
to remember that CGM is best used
as an adjunct to capillary monitoring
and not a replacement for it.

Clinical Indications and CGM
Initiation

The FDA lists the following indica-
tions for CGM: detecting trends
and tracking patterns of glucose
values; serving as an adjunct to,
but not a replacement for, informa-
tion obtained from standard home
blood glucose monitoring; aiding
in the detection of episodes of
hyperglycemla and hypoglycemia
and minimizing glucose excursions;
and facilitating acute and long-term
therapy adjustments. All devices are
indicated for patients > 18 years of
age, but only the MiniMed Guardian
and Paradigm REAL-Time systems
are approved for use in children age
7-17 years. The FDA advises that the
use of CGM is not intended to replace
home blood glucose monitoring and
that it should only be used in con-
junction with patient self-monitoring.
Further, treatment decisions based on
CGM results should be confirmed by
a traditional blood glucose meter.

Hypoglycemia

According to several authors, noctur-
nal hypoglycemia may account for
nearly two-thirds of the justification
for prescribing CGM to diabetic
patients.” Nocturnal hypoglycemia
is often asymptomatic, even in those
with normal glucose awareness while
awake.” This can be particularly
important in children, in whom the
literature suggests 30% of CGM
recordings revealed nocturnal hypo-
glycemia < 40 mg /dlL.}

Hyperglycemia

In many diabetic patients, daytime
hyperglycemia may be easily over-
looked. This may either be a result
of insufficient adherence to blood
glucose self-monitoring or monitor-
ing practices that do not cover the
entire day. CGM can be particularly
useful in detecting postprandial
hyperglycemia. Diabetic patients are
typically trained to monitor blood
glucose before meals and at bedtime,
but rarely several hours after a meal.
CGM may also help detect nocturnal
hyperglycemia and those with the
dawn phenomenon or somogyi effect.
The dawn phenomenon describes
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Three Day Record in a Type 1 Diabetic Person with Hypoglycemic Unawareness
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Figure 2. Components of a CGM record over a 3.5-day period: (A) The
circled time points indicate the capillary blood glucose measurements that
are done not only to standardize the CGM system but also to double-check
the CGM-reported readings. Some of the capillary blood glucose read-

ings have been circled. Notice that when there is a rapid change in glucose
concentration, the CGM’s glucose concentration does not equilibrate with
the finger-stick glucose. (B) This arrow indicates the upper limit of the high
glucose alarm, which is set by patients. This alarm permits patients to take
additional insulin for unexpected hyperglycemia. (C) This arrow indicates
the lower glucose alarm, which is also set by patients. Setting the alarm too
high will result in multiple alarms; therefore, patients must decide at what
level they would prefer to be alerted when their glucose is dropping. This
alarm is usually set between 70 and 90 mg/dl. (D) This arrow points to the
frequent readings from the CGM system. In this case, the reading is provid-
ed to the patient every 5 minutes in graphical form. (E) In this area of the
monitoring graph, there was no communication between the CGM sensor
and the CGM receiver. The most common reason for this occurrence is that
the sensor stopped working and a new sensor needed to be inserted.

early morning hyperglycemia as a
result of growth hormone release
in early morning hours, whereas
the somogyi effect describes fasting
hyperglycemia as a result of the
counter-regulatory hormone response
to hypoglycemia in the middle of the
night.!°

Guiding adjustments in treatment

CGM can provide more detailed
information regarding blood glucose
fluctuations than self-monitoring
alone. This is of particular impor-
tance in patients with labile glucose
values who experience hypoglycemia
in response to intensification of
insulin therapy. CGM can track
the glucose response to changes in
insulin therapy and can help patients
and physicians determine whether
the insulin adjustments were correct.
In addition, patients have more glu-
cose data available to guide them in
adjusting their insulin dosing ratios

at mealtime, as well as adjusting
therapy based on glucose fluctuations
related to exercise, illness, or new
medications.> CGM use may also be
advantageous in vulnerable popula-
tions or situations, such as pediatric
patients, gestational diabetic patients,
and critical care patients.'

Patient education

Readings stored in a CGM system can
be downloaded to a personal computer
and printed out for retrospective review
(Figure 2). The tracings can provide a
graphical depiction of the fluctuations
in blood glucose levels, which may be
easier to comprehend for some patients
compared to a traditional logbook. As
a result, patients may be afforded a
better understanding of the therapeutic
duration of prandial insulin, the impact
of insulin pump malfunction (such as
when a pump catheter is obstructed) on
glycemic excursions, and the effect of
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meals, exercise, and lifestyle modifica-
tion on glucose values.®

Getting patients started

There are numerous strategies avail-
able by which patients can become
educated about CGM systems and use
them successfully. The most effective
method is to provide a comprehen-
sive and multidisciplinary approach
involving patients, physicians, certi-
fied diabetes nurse educators, and
even the local sales representative
for the particular brand of CGM
prescribed. Interested patients can be
initially screened by their physician
for confirmation that they meet indi-
cations for CGM monitoring. This
evaluation should elucidate precisely
how CGM might facilitate improve-
ment in diabetes management.

Oncetheindication for CGM use is
identified, patients should be referred
to a qualified diabetes professional
to be taught how to use the device,
insert the catheter, obtain glucose
readings, download stored informa-
tion to their home computer, and
perform any maintenance required to
keep the device functional. The goal
is for patients to leave this visit feel-
ing comfortable using the prescribed
device and to be able to accurately
obtain and apply data from the
monitor to improve glucose control.
In many cases, this visit may be
coordinated with the manufacturer’s
representative to provide detailed
knowledge of the particular CGM
device and information about how
to obtain supplies in a timely man-
ner. Patients should also be given a
reference booklet that they can refer
to, such as the excellent CGM Guide
by Edelman and Bailey."" This guide
offers patient-directed education and
case-based scenarios to help patients
use the CGM system effectively and
troubleshoot problems. A list of
Internet resources offering additional
information about CGM systems is
provided in Table 2.

Figure 2 shows a typical CGM
data readout after data are down-
loaded to a computer. Patients
should be familiar with each of the
highlighted events that are depicted
and should be instructed on how
to react to each event. Refer to the
figure legend for explanation of each
of the highlighted events.

After using the device for ~ 1
week, patients should return to their
diabetes provider to review the data
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Figure 3. Mean reduction in A1C among 156 patients with poorly con-
trolled diabetes who used no CGM (stippled bars), intermittent CGM
(hatched bars), or continuous CGM (solid bars) for a 3-month period.

Adapted from Ref. 15.

collected. Based on this information,
therapy can be adjusted or precau-
tions taken to prevent hyperglycemia
or hypoglycemia. Subsequent fol-
low-up visits can be arranged as
needed. Typically, patients should
interact with their diabetes health
professional at least every 3 months.
Patients may need to be reminded that
SMBG remains essential for safe and
effective use of the CGM device and
to help guide treatment decisions.

Efficacy

Does CGM result in improved
glucose control and reduced A1C
levels?

A pediatric study by the DirectNet
Study Group demonstrated a reduc-
tion in A1C from 7.1 = 0.6% to
6.8 £0.7% (P = 0.02) among 30 type
1 diabetic adolescents who used the

Navigator CGM system for 13 weeks
after a 1-week period of blinded use."
Another study by the same group
compared use of the MiniMed CGM
system with an eight-point capillary
blood glucose determination profile
over 3 days among a group of 200
children with type 1 diabetes.!> Apart
from demonstrating that only 10% of
patients complied with the rigorous
eight-point capillary testing protocol,
this study demonstrated that CGM
tended to overestimate the occurrence
of overnight hypoglycemia when
compared with eight-point capillary
determination and that CGM values
were generally lower than CBG
values (183 = 37 vs. 183 = 41 mg/dl;
P =0.009). The associations of CGM
and capillary blood glucose with
A1C were similar and modest in this
short-term study (r = 0.40 and 0.39,
respectively).

Table 2. CGM Internet Resources

e DexCom STS. DexCom, Inc., Homepage. http://www.dexcom.

com/index.html.

e MiniMed CGM System Gold. Medtronic Homepage. http://www.
minimed.com/professionals/products/cgms/features.html.

e MiniMed CGM System Guardian. Medtronic Homepage. http://www.
minimed.com/professionals/products/guardian/components.html.

o Freestyle Navigator CGM System. Abbott Diabetes Care Homepage.
www.abbottdiabetescare.com/adc_dotcom/url/content/en_US/10.10:10/
general_content/General_Content_0000163.htm.

o Paradigm REAL-Time and Guardian REAL-Time Systems. FDA
Homepage. www.fda.gov/cdrh/mda/docs/p980022s015.html.

e DexCom STS CGM System. FDA Homepage. http://www.fda.gov/cdrh/

mda/docs/p050012.html.
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In a randomized, multicenter study
of 91 subjects with insulin-requiring
diabetes by Garg et al.,’ patients were
assigned to wear a DexCom STS
system while being either blinded or
unblinded to their real-time glucose
data. Patients who were unblinded
exhibited reduced variability in their
daily glycemic excursions, as well as a
21% reduction in the amount of time
spent hypoglycemic (< 55 mg/dl), a
23% reduction in the amount of time
spent hyperglycemic (> 240 mg/dl),
and a 26% increase in the amount of
time spent in the target glucose range
(81-140 mg/dl) compared to the group
who remained blinded to their CGM
data. In a similar study of 80 patients
who used a DexCom CGM system for
three consecutive 7-day periods, the
investigators demonstrated that normal
mean glucose concentrations (90-130
mg/dl) between midnight and 7:00 a.m.
were associated with an A1C level of
< 6%."* Importantly, this study also
reported a striking degree of accuracy
for CGM as compared with capillary
blood glucose measurement. Specifi-
cally, more than 97% of 6,619 paired
capillary-CGM data points fell within
the acceptable Clarke error grid regions
A and B.

Finally, one important study
has demonstrated that use of CGM
improves A1C in patients with poorly
controlled type 1 diabetes.!’ In this
study, 81 children and 81 adults on
intensive insulin therapy with baseline
A1C > 8.1% (average A1C = 9.6%)
were randomized to practice 1) contin-
ued SMBG without CGM, 2) CGM for
3 days every 2 weeks, or 3) CGM for a
3-month period. The device employed
was the MiniMed Guardian RT, and,
as shown in Figure 3, patients who
received CGM showed a significant
decrease in A1C compared to those
who did not. This study shows that
patients need not use CGM continu-
ously to experience a benefit from it,
that the benefits of CGM on A1C are
realized within 1 month, and that both
children and adults can benefit from
using CGM.

Limitations

All currently available CGM devices
measure interstitial glucose. The lag
time between when systemic glucose
concentration changes appear in the
blood and when they appear in the
interstitial fluid has been estimated to
be between 4 and 26 minutes. This lag
results from a delay in equilibration
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between blood and interstitial glucose
and limits the accuracy of CGM for
predicting blood glucose concentrations
(especially when these concentrations
are changing rapidly). The nonlinear
nature of the lag has made surmount-
ing this limitation difficult. All CGM
devices require calibration with plasma
glucose at least twice a day, with stud-
ies showing improved accuracy with
increased numbers of calibrations.
Additionally, some studies suggest that
accuracy improves when calibrations
are performed during times of relative
glucose stability rather than during
periods when the glucose concentration
is rapidly changing.

The overestimation of hypoglyce-
mia observed in a number of studies
may render CGM inconvenient for
people who experience frequent
bouts of hypoglycemia, but the
technology can also be a very use-
ful tool for people who suffer from
hypoglycemia unawareness. In such
patients, the lower alarm setting
should be chosen carefully so as not
to incur too many false alerts while
still allowing enough time to verify
that blood glucose values are actually
low before acting to correct the hypo-
glycemia. For this reason, it is argued
that trends may be more useful than
the absolute value reported. All CGM
devices provide information regard-
ing the trend of glucose, indicated by
an up or down arrow or by a graphic
representation of glucose concentra-
tions over time. These indicators of
trend, used together with the point
measurements of interstitial glucose,
provide the means by which patients
can reduce the number and duration
of hypoglycemic episodes.

The overestimation of hypoglycemia
(and to a lesser extent, hyperglycemia)
limits the utility of the current genera-
tion of CGM devices from working in
a “closed-loop” insulin pump system.
The idea of a closed-loop system, or
artificial pancreas, has long been a goal
of many researchers. The rapid develop-
ment of small, portable CGM devices
during the past decade has led many
to consider that a closed-loop system
may soon be possible. Problems arise,
however, when attempting to employ
currently available insulin pumps with
CGM devices to create a closed-loop
system. For an efficient closed-loop sys-
tem to respond appropriately to a meal,
the device would first have to detect
a rise in interstitial glucose, which is
delayed by at least 10 minutes. This lag

needs to be added to the delay in insulin
delivery and absorption that occurs
with any subcutaneous insulin. These
factors, combined with the imprecise
accuracy of CGM, significantly reduce
the feasibility of using these devices in
a closed-loop system.

Is CGM technology covered by
bealth insurance plans?
The costs for CGM are substantial
and are currently a major barrier to
its widespread use. The initial expen-
diture for a CGM device varies from
$400 to > $2,000. Moreover, the cost
of the disposable sensors, which last
between 3 and 7 days, as well as the
cost of the glucose test strips used
to calibrate the sensors, amounts
to additional substantial monthly
costs to patients, sometimes exceed-
ing $200 per month. Additionally,
the FDA approval for these devices
requires the use of capillary blood
glucose determination before treat-
ment decisions are made. Using the
DexCom STS system as an example,
the starter kit (which includes a
receiver, transmitter, two sensors and
applicators, a carrying case, and a
recharger) costs ~ $400. A 1-month
supply of sensors costs an additional
$240. Adding the cost of capillary
glucose test strips, the total monthly
cost may exceed $300. Private insur-
ance payers provide coverage only
on a case-by-case basis. On the other
hand, these costs are easily justified
by the avoidance of one emergency
hospital visit or one automobile
accident per year. One also needs
to appreciate the savings in lives
and property that may occur by the
avoidance of severe hypoglycemia.
To obtain insurance coverage for
CGM, physicians often need to play
a strong role in assisting patients by
writing letters of necessity, describing
the overall diabetes care plan (includ-
ing CGM), and certifying that care
management will occur while the
patient is on CGM. Patients should
also be encouraged to contact the
manufacturer’s customer service rep-
resentative, who may be able to assist
in getting coverage. Both patients
and providers should be prepared to
appeal the case, often multiple times.
The Juvenile Diabetes Research
Foundation has helpful information
on its website (www.JDREorg),
outlining the process for case-by-case
CGM coverage.
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Medicare and Medicaid have not
yet agreed to cover CGM costs. As
of January 2008, there are Medicare
and Medicaid service codes avail-
able for CGM providers, which
may signal an improved likelihood
of reimbursement in the future.
Improved technology resulting in
greater accuracy and usability may
also enhance the acceptance of CGM
technology by practitioners, thereby
increasing the demand for insurance
coverage. Improvements in the sen-
sor technology aimed at increasing
sensor life span may further reduce
costs. Providers should also remem-
ber that CGM devices do not need
to be worn continuously to confer
benefit, and although the glycemic
benefit is not as great as when CGM
is worn continuously, the cost for
sensors can be reduced by wearing
the CGM intermittently rather than
continuously.

Special Populations

The use of CGM in specific popula-
tions of patients requires comment.
The benefit of CGM depends to a
great extent on its limitations, such
as the complexity of its use and its
relatively reduced sensitivity at low
blood glucose concentrations. On
the other hand, trend data can be
very useful for avoiding hypo- and
hyperglycemia. The most obvious
populations of candidates for CGM
are adult type 1 diabetic patients
who are attempting to improve their
glucose control and avoid severe
hypoglycemia. Children with type 1
diabetes are also good candidates as
long as they are able to master the
technology, which requires frequent
SMBG. If the child is able to master
intensive insulin therapy and an
insulin pump, then CGM is likely to
be a feasible option, although it does
put an added burden on patients.
Type 2 diabetic patients are also
candidates for CGM, especially those
who are insulin-dependent and who
experience hypoglycemia. For type
2 diabetic patients who are on oral
therapy and who rarely have hypo-
glycemia, CGM does not yet offer a
significant advantage.

CGM can be helpful anytime
glucose control is important. Recent
data have suggested improved
outcomes in the intensive care unit
when blood glucose is normalized.
CGM is currently being evaluated as
an adjunct for this group of patients
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and may prove beneficial. A final
group of individuals who benefit
from CGM are those who may be
classified as “brittle.” Many of these
individuals do many capillary blood
glucose determinations each day
because of frequent changes in their
blood glucose concentrations. We
have found that these individuals
can actually reduce the frequency of
SMBG because CGM provides them
with feedback about their glucose
concentration every 5 minutes. For
one of our patients who used to be
in the hospital emergency room
approximately once per week with
severe hypoglycemia, his visits
have all but stopped because of the
hypoglycemia warning that CGM
provides. For this individual, CGM
has been truly lifesaving.

Summary and Conclusions

The American Diabetes Association has
taken a very limited position regard-
ing CGM, stating that, “Continuous
glucose monitoring may be a supple-
mental tool to self-monitoring of blood
glucose (SMBG) for selected patients
with type 1 diabetes, especially those
with hypoglycemia unawareness.”!®
It is certain that this statement will be
expanded in the future.

Our position on CGM is that this
new technology can offer diabetic
patientsa major advance inimproving
A1C values and reducing the occur-
rence of disruptive hypoglycemia.
Although the long-term danger of
hyperglycemia is an increase in dia-
betes complications, the short-term
hazard of hypoglycemic unawareness
can be devastating. An automobile
accident, a fall resulting in fracture,
or a death from severe hypoglycemla
is reason enough to consider using
CGM.

There is no doubt that CGM
technology will continue to improve,
just as has occurred with insulin
pump technology during the past 20
years. We believe, however, that it
would be a mistake to wait for these
improvements. We encourage all of
our diabetic patients who experience

hypoglycemia to consider purchasing
a CGM system. We hope that medi-
cal insurance companies will soon
realize the savings in property and
lives and routinely cover the cost of
this advance in technology.
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