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Nonadjunctive Use of Continuous Glucose
Monitors for Insulin Dosing: Is It Safe?
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Abstract

With the increasing accuracy of continuous glucose monitors (CGM) have come calls for the Food and Drug Administration
(FDA) to label these devices as safe for nonadjunctive dosing of insulin. However, there is evidence that these devices are
subject to sporadic, unpredictable, large errors. A text analysis of reports to the FDA MAUDE database since 2015 reveals
over 25 000 complaints of CGM sensor inaccuracy, with instances directly leading to serious outcomes. These new data
were not considered at a recent FDA Advisory Panel meeting that voted to approve Dexcom G5 relabeling for nonadjunctive
use. Social media is another source of surveillance data providing evidence of large CGM inaccuracies in real-world use. We
need to improve safety procedures, not remove them. CGMs offer unique information and alerts for managing diabetes, but
the issue is not whether they are better than other approaches to monitoring glucose, but how they can be best used in

conjunction with devices that offer the confirmatory readings needed for patient safety.
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Under current labeling, a continuous glucose monitoring sys-
tem (CGM) is approved only for adjunctive use in making
treatment decisions; any reading from a CGM should be con-
firmed, typically with a self-monitoring of blood glucose
(SMBG) sample of capillary blood obtained by fingerstick.
As CGMs have become more accurate, there have been calls
to have them relabeled as safe for nonadjunctive use in dos-
ing insulin.' At a recent meeting, based on the data and argu-
ments presented, an FDA Advisory Panel voted §-2 in favor
of a proposal that the Dexcom G5 CGM could be considered
safe for use in insulin dosing without a requirement for
backup confirmation.”

There is, however, considerable documented and anec-
dotal evidence, not discussed at the meeting, that CGMs can
frequently provide users with inaccurate readings. Much dis-
cussion at the FDA panel meeting addressed whether the G5
CGM is as good as or better than SMBGs for dosing insulin.
But the question whether a CGM is on average better than an
SMBG does not address whether a CGM, if subject to spo-
radic large errors, should be regarded as reliably safe to use
without confirmation.

Test strip-based blood glucose meters were never for-
mally approved for nonadjunctive insulin dosing, but in this
case, the Dexcom G5 is specifically seeking that approval.
The hardware and software components affecting accuracy
are considered identical in the most recent G4 Platinum and
G5 devices. Accordingly, this article examines data specifi-
cally on Dexcom G4/G5 accuracy. However, there is no

attempt to compare the accuracy of this CGM with that of
any other CGM or SMBG device, and no such comparative
inferences should be drawn from the data presented.

Case Reports of Device Inaccuracy
From the FDA MAUDE Database

The FDA Manufacturer and User Facility Device Experience
(MAUDE) was established as a surveillance tool for monitor-
ing case reports of problems and safety issues with devices.
Although MAUDE has been criticized for containing many
incomplete, inconclusive, or even irrelevant cases,™ it can
nevertheless serve as a valuable source of case reports that, in
turn, can act as sentinel events in detecting potential device
problems. Surveillance systems typically seek to balance the
requirement for high sensitivity with the need for high data
quality. The less than optimal data quality frequently found in
MAUDE means that consideration of the biological plausibil-
ity, credibility, and relevance of each report needs to be
weighed with the consistency and volume of reports in decid-
ing which signals should be prioritized and rigorously evalu-
ated. To this end, in addition to structured data, the database
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contains unstructured text narrative which has the potential
for providing details of adverse events and of manufacturers’
responses to these events. This text is sufficiently stylized,
and employs a sufficiently small vocabulary, that it can be
approached as a sublanguage amenable to automated qualita-
tive analysis.

Even a few sentinel events have the potential to reveal
important problems. For example, on the basis of just 2 cus-
tomer complaints, a problem was recently discovered which
proactively led to the recall of several lots of a glucagon
injection system.’ In contrast, examination of the text of
complaints in the MAUDE database reveals that there have
been 25 966 complaints specifically about G4/GS5 inaccuracy
that were submitted from the beginning of 2015 through
September 2016. These complaints were not considered at
the July 21 FDA Advisory Panel meeting.”

MAUDE records, unfortunately, are often incomplete. Of
the 25 966 complaints of inaccuracy, 3290 (12%) did not
directly provide additional information other than indicating
that a user had specifically complained to the manufacturer
that the G4 or G5 device was inaccurate and did not report a
more serious adverse event. Another 53 apparently dupli-
cated reports were identified. This still left 22 623 complaints
that did provide additional information.

In over a third of these remaining complaints, the inaccu-
racy was explained away as being due to user error, that is,
users did not follow the instructions specifically stated in the
User’s Guide. Analysis of the text of the manufacturer’s
comments in these cases reveals 16 types of CGM user errors
that were viewed by the manufacturer as contributing to
inaccurate values in real-world cases (Table 1). When com-
paring CGMs with SMBG readings, it is often noted that
SMBG readings can be subject to error due to inadequate
user cleansing of the fingerstick site,” as well as a variety of
other circumstances.® Currently, these SMBG readings are
used to calibrate CGMs, creating additional sources of poten-
tial CGM inaccuracy, which then can be subject to CGM user
errors as well.

Some users were admonished for relying on the CGM
device for making insulin dosing decisions, as in the
following:

Complaint narrative: “Patient contacted Dexcom technical
support on mm/dd/2015 to report continuous glucose monitoring
(CGM) inaccuracies compared to blood glucose (BG) meter and
a hypoglycemic event that occurred on mm/dd/2015. . . . Prior to
eating dinner, patient administered herself insulin and CGM
displayed a value of 115 mg/dl. An hour after eating, the CGM
alerted her of a high BG level, displaying 359 mg/dl. An
additional value from a separate BG meter was not taken at this
time for comparison. The patient and her husband treated the
high BG level with . . . insulin. Patient’s husband then tested the
patient’s blood glucose via a fingerstick, which read 109 mg/dl.
The CGM device displayed 314 mg/dl. The patient’s husband
drove her to urgent care and upon arrival her BG level was tested
by a nurse; the value was 42 mg/dl.”

Table I. Causes of Inaccurate CGM Readings Attributed to
User Errors.

I.  Use in patients less than 2 years old

2. Insertion of sensor in unapproved site: arms, buttocks,
back, thigh

3. Pediatric patient using a receiver approved for adults; and
vice versa

4. Use in pregnancy

5. Using transmitter past expiration date

6. Using sensor past expiration date

7.  Use of device while taking medications containing
acetaminophen

8. Improper insertion of transmitter.

9. Calibration while error symbol is displayed

10. Calibration during a rapid change in glucose, ie, rise or fall
>2 mg/dl/minute

I'l. Calibration using a meter to calibrate that is different from
the meter used to measure glucose

12.  Calibration using of alternative blood glucose testing sites
other than fingertips

13.  Delay of greater than 5 minutes in entering calibration
values

14.  Entering calibration values outside the 40-400 mg/d| range

I5. Calibrating less often that every 12 hours

16.  NOT calibrating after experiencing inaccuracies

Source: MAUDE Database.

Manufacturer response: “It was reported that the patient based
treatment decisions off the CGM values. The G4 platinum
continuous glucose monitoring system user’s guide states: do
not use the Dexcom G4 platinum system for treatment decisions,
such as how much insulin you should take. The Dexcom G4
platinum system does not replace a blood glucose meter. Always
use the values from your blood glucose meter for treatment
decisions. Blood glucose values may differ from sensor glucose
readings. Using the sensor glucose readings for treatment
decisions could lead to low or high blood glucose value. Further,
diabetes mellitus is a known cause of hypoglycemia.”

This is effectively the same device, with the same sensors
and same algorithms, as is now being considered for nonad-
junctive use. The difference would be that the current cau-
tions about relying on device readings for making treatment
decisions would be removed.

Magnitude of Inaccuracies

Most cases records in the MAUDE database did not directly
state, or provide sufficient detail to calculate, the size of the
inaccuracy being reported. However, because the %20/20
discrepancies between CGM and SMBG values proposed in
the International Organization for Standardization (ISO)
15197:2003 standards have been used at Dexcom for deter-
mining reportable inaccuracies, presumably the discrepancies
reported to the MAUDE database were those greater than the
20% limits.
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Size of Reported Inaccuracies in Dexcom G4/G5
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Figure |. Cumulative proportions of the size of reported differences between concurrent CGM and BGM readings. 55% of reported
differences were 100 mg/dl or more. Data points show the magnitudes of the reported discrepancies, many with multiple occurrences,

plotted against their cumulative proportions.

In 415 complaints, there was sufficient detail to examine
the size of the reported inaccuracies. Figure 1 provides a
descriptive summary of the magnitude of the discrepancies
between CGM and patient or hospital blood glucose meter.
Examination of the cumulative percentages of the discrepan-
cies reveals that over 95% were equal to or greater than 30
mg/dl, and 55% were equal to or greater than 100 mg/dl.
Dosing, or not dosing, off of discrepancies of this size can,
and did, lead to serious outcomes.

In most of the complaints of inaccuracy, users noted a
large discrepancy between their CGM reading and either
their confirmatory fingerstick reading or with how they were
feeling. They contacted the manufacturer to inquire whether
their device was faulty, and/or to express their concern that
such a large discrepancy could have potentially been danger-
ous. Aware of the discrepancy, they did not make treatment
decisions based solely on the readings and did not report
injury as a result of the inaccuracy. But there were more than
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150 detailed case reports of users who relied on the CGM
readings and specifically stated that CGM inaccuracy was
the cause of their episodes of loss of consciousness, seizures,
being transported by ambulance to an emergency room, hos-
pitalization for diabetic ketoacidosis, or hospitalization/ICU
stay for severe hypoglycemia. Below are three more such
cases.

Complaint narrative: “Patient contacted Dexcom on mm/
dd/2015 to report continuous glucose monitoring (CGM)
inaccuracies and an adverse event that occurred on mm/dd/
2015. Patient stated that the CGM device was reading 255 mg/
dl, with double arrows indicating rising glucose, and she treated
herself with a double dose of insulin. Patient did not confirm the
CGM reading against a BG meter prior to giving herself the
medication. Patient then took another reading and the CGM
displayed 254 mg/dl while the BG meter displayed 70 mg/dl.
Patient lost consciousness 15 minutes after medicating with
insulin. Patient’s sister found her and administered glucagon.”

Complaint narrative: ‘“Patient’s mother contacted Dexcom
technical support on mm/dd/2015 to report continuous glucose
monitoring (CGM) inaccuracies compared to blood glucose
(BG) meter and diabetic ketoacidosis. . . . Patient was not feeling
well and was vomiting. Patient’s mother saw that the CGM was
displaying 170 mg/dl and a fingerstick was taken, which read
350 mg/dl. Patient’s mother drove the patient to the hospital,
where they were admitted into the intensive care unit (ICU), due
to hyperglycemia that resulted in the patient going into diabetic
ketoacidosis.”

Complaint narrative: “A friend of the patient’s mother reported
that the patient experienced inaccurate blood glucose values; the
CGM device was reading 80 mg/dl but the patient’s blood
glucose level was reportedly much lower than this. It was further
stated that the patient was treated with glucagon but the
medication did not reach the patient in time and the patient
passed away.”

Manufacturer response: “It remains unknown to Dexcom
whether the official cause of death was determined to be
hypoglycemia. No additional patient or event information was
reported. Diabetes mellitus is a known cause of hypoglycemia
and death.”

Nontraditional Real-World Evidence of
Device Inaccuracy

Not everyone communicates with the FDA or the manufac-
turer when they have a problem with a device. Social media
can be another source of surveillance data.”'® After the July
21 Advisory Panel vote was announced, while some patients
with diabetes applauded the decision, there were others who
protested along the lines of “This is great but we have had
many numbers on the CGM not even close to his actual fin-
ger stick reading. . . . I love the CGM but I truly don’t feel
comfortable dosing insulin on my child yet”'' or “As an

endocrinologist and type 1 diabetes patient myself, while I
absolutely think Dexcom is a very successful tool in diabetes
management, by no means do I think it accurate enough to
replace fingersticks when making treatment decision on
insulin dosing.”'* Some individuals wrote blogs" and some
posted pictures of CGM-SMBG discrepancies.'*

At the public hearing at the July 21 FDA panel meeting,
a medical device specialist showed 39 representative slides
from CGM users spontaneously providing alerts, com-
plaints, or inquiries to other users on social media sites
about their experiences with potentially catastrophic inter-
mittent large CGM inaccuracies. The patient representative
to the meeting volunteered “Frankly I have quite a bit of
inaccuracy with the device from time to time. I don’t under-
stand why, and I’d love to be able to get some guidance as to
why that’s happening.”

Taken together, these diverse surveillance sources are
providing evidence that a non-negligible proportion of CGM
users have been confronting erroneous values, and have been
concerned about the potentially catastrophic results had they
used these values without confirmation for insulin dosing.

Implications for Measures of Device
Accuracy

To the extent that a blood glucose measuring device is sub-
ject to unpredictable, sporadic, and substantial errors, the
most common measures of accuracy will not provide an ade-
quate summary of device performance.

The mean absolute relative deviation (MARD) provides a
concise summary of average device error and has been used
extensively to evaluate the accuracy of CGM and SMBG
devices. However in a situation where there is a suspicion of
intermittent large errors, there is a need to focus on the large
errors that occur sporadically using the device, not to hide
these events in an overall summary average.

The Dexcom G5 is said to have a MARD less than 10%
which has been used as evidence for the suitability of its non-
adjunctive use for insulin dosing. In the present case, the
concern is that there is a subset of bad sensors or, circum-
stances, or, perhaps, a set of patient characteristics causing
CGMs to be less accurate. What matters is getting a clear
picture of the right tail of a skewed or even multimodal dis-
tribution of errors, more than masking these errors in an
overall average. One can easily imagine a sensor with a
slightly larger MARD being preferable to one that was usu-
ally slightly more accurate but occasionally had catastrophic
errors.

Another often used way of summarizing accuracy is to
describe the frequency with which errors of various sizes
occur. One can describe the distribution of errors in state-
ments such as “errors greater than 30% occur only 2% of the
time.” The clinical data submitted to portray the accuracy of
the Dexcom device in adults came from a study of only 51
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patients, 44 with type 1 diabetes and 7 with type 2 diabetes,
observed for one day in a controlled setting.'> A separate
study of 79 patients was used to characterize the decreased
accuracy in pediatric patients. Such small sample sizes might
not even detect one instance of an infrequently occurring
large error; they are clearly far too small for exploring
whether there is a subset of patients, sensors, or conditions
that lead sporadically to inaccurate CGM measurements.

But in fact, averaging errors or even looking at the fre-
quency of errors of different sizes may be the wrong model.
Given the potential consequences of an error, each major error
would be better treated as an information-rich sentinel event
requiring a substantive explanation, not treated as just another
data point. Rather than being treated as mere outliers and fur-
ther obscured by summarizing with, for example, a median
absolute relative deviation (medARD), these less frequent but
important cases should be investigated with the goal of explor-
ing how future such errors can be anticipated or prevented.

As the sample of real-world complaints taken from
MAUDE illustrate, the consequences of insulin dosing deci-
sions based on inaccurate values can be disruptive or even
catastrophic. Documenting that the G5 is accurate enough
95% or even 99% of the time is akin to an airline assuring its
passengers that its steering mechanism is accurate 99% of
the time. In the end, the precise frequency of large errors may
not matter as much as the recognition that all large errors are
unacceptable in insulin dosing.

Evidence for the Elimination of Safety
Checks in Insulin Dosing

Given the evidence that the G4/GS5 is subject to infrequent
large inaccuracies that can lead to insulin dosing errors, one
might ask what new clinical evidence was used to support the
case for nonadjunctive labeling for the device. Remarkably,
the only clinical data provided were from the same small
studies previously used in gaining approval for adjunctive use
of the device.

Instead of clinical evidence, data from these studies were
used to provide an error distribution for the CGM in simula-
tion studies. But it is precisely the as yet unknown frequency
and magnitude of inaccuracies in the device that is in ques-
tion. Once a unimodal error distribution with a 9% MARD
for device errors is accepted as a valid description of reality,
the answer to questions about the simulated accuracy of the
device have already been determined.

The two simulation studies offered were designed to com-
pare the performance of CGMs with a representative SMBG,
the Bayer Contour Next. The implied logic was that since the
simulated CGM was found, in most circumstances, to be at
least as good as, or better than, the simulated SMBG device,
and since SMBG devices are currently being used for mak-
ing diabetes treatment decisions, then, logically, CGMs
should also be labeled as usable for making treatment deci-
sions without the need for backup confirmation.

But, as mentioned earlier, whether CGMs are better, or
provide more information than SMBGs was not the issue
posed to the Panel or the one facing the FDA. The issue at
hand is not which device is better. Rather, the question is,
“Given the considerable evidence of erratic readings in some
CGM sensors, can the device be deemed safe to use without
the need for a confirmatory safety check?”

The value of maintaining safety checks in the blood glu-
cose testing process can be illustrated without complex sim-
ulations. In the study of 51 adult patients used in the
simulation studies, only 2% of the readings (in which YSI
reference values were greater than 80 mg/dl) were more than
30% in error. Although 2% is a low frequency, a user who
consulted a CGM for making treatment decisions without
using a safety check say, 6 times a day, would have only a
(1-.02)°"*" = 2.6% chance per month of NOT blindly making
a decision on an unacceptably erroneous value.

Contrast the numbers if, say, an SMBG is used as confir-
matory backup. The chances of both devices being wrong
simultaneously would be far smaller than using either alone.
If the second device is within = 30%, say, 99% of the time, a
user would now have a far better(l—(.OZ*.Ol))(’*m = 96.4%
chance per month of NOT making a decision unknowingly
based on a wrong value.

In the absence of confirmatory testing, the primary protec-
tion from bad CGM data values comes from the proposed
instruction “Use a BG meter any time symptoms or expecta-
tions do not match sensor glucose readings.” Unfortunately,
the persons with diabetes who are most in need of CGMs are
the roughly 20-30% of patients with reduced glycemic aware-
ness, the ones for whom this advice is least helpful. This
counseling may also be insufficient for many pediatric users,
or for those following the CGM results of others wirelessly.

It is conceivable that the individuals who have intact gly-
cemic awareness and are able to successfully follow this
advice are the ones best able to successfully negotiate the
hazards of occasional erroneous CGM values. A recently
completed clinical trial, REPLACE-BG,'® compared the
safety of nonadjunctive CGM use with adjunctive CGM
USE. It is hoped that the forthcoming results will demon-
strate the benefits potentially obtainable from the alerts,
trends, and detailed information provided by CGMs. But the
study was limited to patients without significant hypoglyce-
mic unawareness so may still leave open the question of
safety in the group of patients most in need of the device, and
simultaneously most vulnerable to any device inaccuracies.

Blood glucose meters are at the moment the best confir-
matory devices available, but fingersticks are notoriously
uncomfortable and inconvenient. Other currently investi-
gated approaches that might serve to provide CGMs with a
confirmatory backup reading include CGMs with dual sen-
sors,!” various optical methods, saliva glucose tests, flash
glucose monitors and many others.'® Castle et al'’ provide
empirical evidence for the accuracy benefits of using multi-
ple sensors. Use of such approaches in coordination with
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CGMs would be a vastly safer path to follow than labeling an
intermittently erroneous device safe for insulin dosing.

Conclusion

Is it just a subset of CGM users who are subject to aberrant
results? Currently, there are no data to answer this question.
How frequent are these errors in the real-world population of
users? The MAUDE database suggests the problem is
remarkably frequent.

Until the causes of these sporadic, large errors have been
identified, it would be inappropriate to urge users to regard
the device as safe for insulin dosing without confirmation.
Safety checks are a standard procedure for risk reduction in
many fields. Anesthesiologists, for example, use hemody-
namic monitoring on each case even though hemodynamic
crises typically do not occur. We should be exploring ways to
improve safety procedures, not remove them. CGMs offer
unique information and alerts for managing diabetes, but the
issue is not whether they are better than other approaches to
monitoring glucose, but how they can be best used in con-
junction with devices that offer the confirmatory readings
needed for patient safety.
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