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Improved Accuracy of Continuous Glucose Monitoring
Systems in Pediatric Patients with Diabetes Mellitus:
Results from Two Studies
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Abstract

Objective: This study was designed to evaluate accuracy, performance, and safety of the Dexcom (San Diego,
CA) G4� Platinum continuous glucose monitoring (CGM) system (G4P) compared with the Dexcom G4
Platinum with Software 505 algorithm (SW505) when used as adjunctive management to blood glucose (BG)
monitoring over a 7-day period in youth, 2–17 years of age, with diabetes.
Research Design and Methods: Youth wore either one or two sensors placed on the abdomen or upper buttocks
for 7 days, calibrating the device twice daily with a uniform BG meter. Participants had one in-clinic session on
Day 1, 4, or 7, during which fingerstick BG measurements (self-monitoring of blood glucose [SMBG]) were
obtained every 30 – 5 min for comparison with CGM, and in youth 6–17 years of age, reference YSI glucose
measurements were obtained from arterialized venous blood collected every 15 – 5 min for comparison with
CGM. The sensor was removed by the participant/family after 7 days.
Results: In comparison of 2,922 temporally paired points of CGM with the reference YSI measurement for G4P
and 2,262 paired points for SW505, the mean absolute relative difference (MARD) was 17% for G4P versus
10% for SW505 (P < 0.0001). In comparison of 16,318 temporally paired points of CGM with SMBG for G4P
and 4,264 paired points for SW505, MARD was 15% for G4P versus 13% for SW505 (P < 0.0001). Similarly,
error grid analyses indicated superior performance with SW505 compared with G4P in comparison of CGM
with YSI and CGM with SMBG results, with greater percentages of SW505 results falling within error grid
Zone A or the combined Zones A plus B. There were no serious adverse events or device-related serious
adverse events for either the G4P or the SW505, and there was no sensor breakoff.
Conclusions: The updated algorithm offers substantial improvements in accuracy and performance in pediatric
patients with diabetes. Use of CGM with improved performance has potential to increase glucose time in range
and improve glycemic outcomes for youth.

Introduction

Glycemic control remains suboptimal in pediatric
patients with diabetes, with fewer than 25% of youth

with type 1 diabetes (T1D) achieving glycemic targets of
hemoglobin A1c (HbA1c) of <7.5%.1–4 Use of advanced
diabetes technologies, like continuous glucose monitoring
(CGM) devices, has been associated with improved glycemic
control5–8 in some populations, like adults with T1D, but not
universally, as pediatric samples have not experienced uni-
form benefits.5,9–14 Improved glycemic outcomes with CGM
have been associated with consistent use of CGM.5,15,16

Thus, the lack of glycemic benefit of CGM among youth with

T1D has been attributed to inconsistent use. In particular,
only 30% of 15–24-year-old patients and 50% of 8–14-year-
old patients in the JDRF CGM study wore CGM devices
consistently for 6 or more days per week for the 6-month
study duration compared with 86% of those 25 years of age
and older.5 The latter group experienced a significant im-
provement in HbA1c compared with the control group using
blood glucose (BG) monitoring alone. Notably, the devices
used in these initial trials used early-generation technologies
with accuracy, reliability, and usability issues.

The lack of consistent CGM use in the pediatric population
has been attributed to several barriers associated with CGM.
These barriers have been particularly evident in some of the
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first clinically available CGM devices, with barriers, for ex-
ample, related to suboptimal accuracy and highly variable
performance.17,18 These inaccuracies were attributable to
many causes, including the time lag between interstitial and
capillary glucose measurements and suboptimal algorithms
that were used to derive the real-time glucose levels dis-
played on the CGM receiver. These challenges are especially
evident in the pediatric population, who experience much
greater glycemic variability and wider glycemic excursions
than their adult counterparts with T1D.19,20 Indeed, it is not
surprising that durability of CGM use has been modest in the
pediatric population. The Type 1 Diabetes Exchange (T1DX)
has documented limited CGM use, especially with the older
CGM devices, as only 2–3% of pediatric patients 2–5, 6–12,
and 13–17 years of age were using CGM in 2010–2012.2 A
recent publication from the T1DX reports increased although
still very limited uptake of CGM in pediatric patients, with
only 13% of 2–5 year olds, 8% of 6–12 year olds, and 5% of
13–17 year olds using CGM.4

One of the main reasons for CGM discontinuation among
the early adopting pediatric patients with T1D and their
families related to sensor inaccuracies, leading to frustration
when CGM and BG meter readings differed and when so-
called ‘‘nuisance’’ CGM alerts and alarms were frequent.17,21

The temporal increase in CGM uptake documented in the
T1DX coincides with improved accuracy of CGM devices,22

for example, related to the availability of the Dexcom G4�

Platinum compared with the earlier Dexcom STS� or
Seven� Plus systems.23 Notably, CGM users compared with
nonusers had better glycemic control in the T1DX, inde-
pendent of their form of insulin delivery, and this pattern was
evident in the baseline registry data from 2010–2012 as well
as in the most recently reported annual update covering the
period 2013–2014.2,4 Therefore, improved CGM algorithm
performance leading to better accuracy of CGM devices
could likely lead to greater uptake and persistent use of CGM
in the pediatric population, potentially yielding greater glu-
cose time in range and improved glycemic control.

The current study aims to compare the CGM performance
of two recently available CGM systems, the Dexcom G4
Platinum RT-CGM (G4P) and Dexcom G4 Platinum with
Software 505 algorithm (SW505), in one of the largest pe-
diatric accuracy reports to date, including more than 250
youth 2–17 years of age with T1D. The SW505 algorithm is
the same algorithm as the one used in the recently released
Dexcom G5 Mobile� CGM system for pediatric patients, 2
years of age and older, as well as adult patients. It is important
to study critically the accuracy and performance as well as
safety for regulatory approval, but it also necessary to report
to the clinical community substantive improvements in CGM
performance in order to advance efforts at increasing CGM
uptake aimed at optimizing control in the very vulnerable
pediatric population in need of improved glycemic outcomes
in order to preserve health and prevent both short- and long-
term complications of diabetes.

Research Design and Methods

This report includes two studies of CGM accuracy in pe-
diatric patients with diabetes, 2–17 years of age. Both studies
were short-term 1-week open-label single-arm multicenter
studies including youth treated with multiple daily injections

or insulin pump therapy. In the first study of the G4P device
involving six centers (Study 1), youth could have T1D or type
2 diabetes (only one of 176 patients studied had type 2 dia-
betes). In the second study of the SW505 algorithm involving
five centers (Study 2), all youth had T1D. Exclusion criteria
included hematocrits beyond the range recommended by the
study glucose meters, pregnancy, hypoglycemic unawareness
(other than that usually expected for toddlers with diabetes),
need for treatment with acetaminophen, and any significant
illness that would pose a risk to the patient or to the staff
handling the blood specimen.

In Study 1, participants wore two CGM systems simulta-
neously for a 7-day sensor wear period (amounting to 168 h),
with one receiver providing real-time data and the other
masked. In Study 2, participants wore a single unmasked
sensor for the 7-day sensor wear period with CGM data
displayed in real time. Sensors were inserted in the abdomen
and/or upper buttocks by the patients or parents/guardians
after self-training using a tutorial and/or one-on-one training
by study staff.

Subjects in both studies were required to use a study-
provided BG meter (the LifeScan [Milpitas, CA] OneTouch�

Verio� IQ in Study 1 and the Bayer [Whippany, NJ] Con-
tour� Next USB BG meter in Study 2) and study-provided
BG test strips for all BG measurements performed during
sensor wear. In both studies, participants were asked to per-
form a minimum of seven fingersticks per day for home use
for calibration (performed twice daily per labeling recom-
mendations), comparative purposes, and all insulin dose se-
lections as well as any other diabetes management decisions.
All subjects avoided use of acetaminophen during the sensor
wear period and for at least 24 h prior to sensor insertion. In
both studies, participants were required not to inject insulin or
wear an insulin pump insertion set within 3 inches of the
sensor sites during wear. During home use, although the
CGM data were displayed on the receiver screen, participants
and families were to base all diabetes management decisions
on results from the BG meter.

In both studies, subjects 6–17 years of age participated in
one in-clinic session on either Day 1, 4, or 7 of sensor wear to
allow for comparison of both the G4P and SW505 sensor
glucose measurements with a reference glucose measurement
(YSI BG analyzer; YSI, Yellow Springs, OH) obtained every
15 – 5 min using arterialized venous blood and with glucose
meter results using fingerstick capillary samples obtained
every 30 – 5 min. For youth 2–5 years of age, only fingerstick
capillary samples were obtained every 30 – 5 min. The CGM
systems were calibrated using BG meter results at the start of
the clinic session. During the in-clinic sessions, all receivers
were masked, avoiding any display of sensor glucose results.

The preschool-aged subjects (2–5 years of age) partici-
pated in a 4-h clinic session in both studies. School-aged
subjects (6–12 years of age) participated in the clinic session
for up to 6 h. Teen subjects (13–17 years of age) participated
in the clinic session for up to 6 h in Study 1 and for up to 12 h
in Study 2. Those 6–17 years of age underwent intravenous
catheterization of the dorsal hand, lower arm, or antecubital
region for venous blood sampling for YSI plasma glucose
determinations. The intravenous site was covered with a
heating pad in order to arterialize the blood to more closely
match the capillary BG concentrations. YSI sampling did not
exceed 3 mL/kg of each subject’s body weight. In the teen
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sample in Study 2, glucose levels during the in-clinic session
were manipulated under close supervision according to pro-
tocol guidelines in efforts to achieve glucose levels across the
range of sensor performance (40–400 mg/dL) by either ad-
justing the timing of meals (delaying meals after insulin ad-
ministration to induce controlled hypoglycemia) or the timing
of insulin administration (delaying insulin dosing with food
intake to induce hyperglycemia). For youth of all ages in
Study 1 and for those 2–12 years of age in Study 2, the par-
ticipants checked their BG levels, took insulin, and ate as per
their usual practice. At the end of the clinic session, study staff
unmasked the receivers, and all receivers and glucose meters
were downloaded using a sponsor-provided clinical laptop.

For both studies, on Day 7, participants returned to the
clinic, removed the sensors themselves (or the sensors were
removed by parents/guardians, as applicable), and returned
the CGM systems and BG meters to the study staff. Study
staff assessed adverse events related to study procedures,
device use, and skin irritation. Staff carefully inspected the
skin at the sites of sensor insertions and used the Draize scale
to grade skin irritation.24 Sensors were inspected by the study
staff and the sponsor to assess any sensor breakoff during use.

Both study protocols were approved by the site’s Institu-
tional Review Board or a central Institutional Review Board
according to local policy, and all participants and parents/
guardians provided signed assent (as appropriate for the
youth’s age) and informed consent, respectively, prior to
performance of any study procedures. Both studies were re-
viewed and approved by the Food and Drug Administration
prior to performance through the Investigational Device
Exemption process.

Statistical methods and analyses

All data are presented as mean – SD values or percentages
unless otherwise indicated. Parametric (unpaired t tests) and
nonparametric (Wilcoxon tests) were used as indicated by the
sample distribution of the means. For comparisons of cate-
gorical variables, v2 tests were used.

The real-time CGM values were compared with the tem-
porally matched glucose values from the reference YSI and
BG meter values. The mean absolute relative difference
(MARD), as well as median absolute relative difference
(ARD), in percentages and the proportion of the CGM system
values that were within (–) 20% of the relative difference
from the reference value at glucose levels >80 mg/dL and
within (–) 20 mg/dL of absolute difference at glucose levels
£80 mg/dL (hereafter referred to as %20/20) were used to
evaluate the overall accuracy performance of the CGM de-
vices. Similarly, performances of the G4P and SW505 sys-
tems were assessed within glucose ranges of 40–60 mg/dL,
61–80 mg/dL, 81–180 mg/dL, and >180 mg/dL as well as
within each day of sensor use, from Day 1 through Day 7. The
mean absolute difference (MAD), as well as median absolute
difference, was also used to assess performance in the hy-
poglycemic range, 40–80 mg/dL.

Modified Bland–Altman plots25 were used to depict the
data distribution and bias between the CGM and the reference
glucose determinations. Error grid analyses, including the
Clarke Error Grid26 and Parkes Error Grid,27 were used to
quantify the clinical accuracy of the CGM devices. CGM
diagnostic features were evaluated in the hypoglycemic

range £80 mg/dL and in the hyperglycemic range ‡240 mg/
dL by assessing concordance of CGM values within 15 min
of the reference YSI results at these levels. Rate of both low
and high false CGM alerts was also assessed based on CGM
readings in the hypoglycemic or hyperglycemic ranges, re-
spectively, when the matched YSI values within 15 min were
not out of range. All analyses were performed using SAS
software version 9.3 (SAS Institute, Inc., Cary, NC). P values
of <0.05 were considered statistically significant.

Results

Participant characteristics and sensor usage

Study 1 consisted of 176 subjects, with 29 in the 2–5-year
age group, 69 in the 6–12-year age group, and 78 in the 13–
17-year age group, enrolled from six clinical centers in the
United States. Study 2 included 79 subjects, with 16 in the 2–
5-year age group, 17 in the 6–12-year age group, and 46 in the
13–17-year age group, enrolled from five clinical centers in
the United States. Almost all patients had T1D, with an av-
erage duration about 5 years; the majority received insulin
pump therapy. Mean HbA1c values were 8.2 – 1.3% and
8.5 – 1.5% in Studies 1 and 2, respectively. In Study 1, 40%
of participants had previous exposure to CGM, whereas only
13% used CGM devices on a routine basis; in Study 2, 57%
had previous exposure to CGM, whereas only 19% used it on
a routine basis. Characteristics of the youth participants in
Studies 1 and 2 are displayed in Table 1.

Table 1. Patient Characteristics in Studies

of the Dexcom G4 Platinum Continuous Glucose

Monitoring System and the G4 Platinum

with the Software 505 Algorithm

Study sample

G4P
(n = 176)

SW505
(n = 79)

Age (years) 11.4 – 4.2 12.2 – 4.6
Diabetes duration (years) 4.8 – 3.7 5.6 – 4.2

z-BMI
Mean – SD 0.5 – 1.0 0.7 – 0.7
Range -4.7 to 2.6 -1.4 to 2.2

SMBG (times/day) 6.7 – 2.9 6.7 – 2.3
HbA1c (%) 8.2 – 1.3 8.5 – 1.5
Sex (% male) 57% 52%
Race (% white) 94% 96%
Type 1 diabetes (%) 99%a 100%b

Pump use (%) 72% 60%
Previous RT-CGM use (%) 40% 57%
Frequent (50% of time)

RT-CGM use (%)
13% 19%

Age group (years) [n (%)]
2–5 29 (16%) 16 (20%)
6–12 69 (39%) 17 (22%)
13–17 78 (44%) 46 (58%)

aOne subject with type 2 diabetes, a 17-year-old female with type
2 diabetes duration of 3 years, multiple daily insulin injections
therapy, and 12.1% hemoglobin A1c (HbA1c).

bOne subject with type 1 diabetes only used rapid-acting insulin
correction scale for high glucose values but no long-acting insulin.

BMI, body mass index; G4P, G4 Platinum; RT-CGM, real-time
continuous glucose monitoring; SMBG, self-monitoring of blood
glucose; SW505, Software 505 algorithm.
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The expected number of sensors for use in both studies was
431 (176 · 2 sensors/subject in Study 1 and 79 · 1 sensor/
subject in Study 2). Nearly all participants (244 out of 255,
96%) succeeded in inserting and wearing the originally placed
sensors; only 11 subjects required sensor replacements. In
total, 443 sensors were issued, indicating that 12 sensors were
replaced among these 11 study subjects. Data from only six
sensors out of 431 (1%) were excluded because of multiple
reasons (e.g., deployment issues, inadvertent switch of
transmitters between sib-pairs). Thus data were available
from a total of 425 sensors in both studies. Of these, 367
sensors (86%) lasted through Day 7; 412 sensors (97%) lasted
more than 4 days.

CGM performance

For assessment of CGM accuracy against YSI glucose
measurements during the in-clinic sessions, there were 2,922
paired results (CGM and YSI temporally matched) in Study 1
and 2,262 paired results in Study 2 (Table 2). The overall
MARD was 17% in Study 1 of the G4P, with a significant
improvement in the MARD to 10% in Study 2 with the
SW505 (P < 0.0001). Median ARD was 14% in Study 1 and
8% in Study 2. For assessment of CGM accuracy against self-
monitoring of BG (SMBG) meter results during the 1 week of
sensor wear, there were 16,318 paired results (CGM and
meter temporally matched) in Study 1 and 4,262 paired re-
sults in Study 2. The overall MARD was 15% in Study 1 and
13% in Study 2 (P < .00001). The median ARD was 11% in
Study 1 and 10% in Study 2. For both the G4P and SW505,

CGM accuracy improved after Day 1 of sensor use (Fig. 1).
For CGM accuracy against the YSI, MARD improved from
21% on Day 1 to 16% on Day 4 and then to 15% on Day 7 for
the G4P; MARD improved from 13% on Day 1 to 8% on Day
4 and then to 10% on Day 7 for the SW505. For CGM ac-
curacy against SMBG, MARD improved from 19% on Day 1
to 12% on Day 7 for the G4P; MARD improved from 15% on
Day 1 to 11% on Day 7 for the SW505.

Similarly, the Clarke Error Grid results indicated superior
clinical accuracy with the SW505 algorithm compared with
the G4P in the comparison of CGM versus YSI glucose
values (Fig. 2a and b). In Study 1, 68% of values fell in Zone
A, and 98% fell in Zones A and B for the G4P; in Study 2,
90% of values fell in Zone A, and 99% fell in Zones A and B
for the SW505 algorithm. In Study 1, for the comparison of
CGM with SMBG values, 75% of values fell in Zone A, and
98% fell in Zones A and B for the G4P (Fig. 2c); in Study 2,
86% fell in Zone A, and 98% fell in Zones A and B for the
SW505 (Fig. 2d). Assessment of CGM accuracy using the
Parkes Error Grid (Fig. 3) yielded a similarly improved
performance with the SW505 compared with the G4P, with
greater percentages of CGM falling within the clinically ac-
curate Zone A and the combined Zone A plus the benign error
Zone B for CGM versus YSI (Fig. 3a and b) and CGM versus
SMBG (Fig. 3c and d). Notably, 100% of the CGM values fell
within Zones A and B for CGM versus YSI and for CGM
versus SMBG with the SW505.

The %20/20 was 68% for the G4P and 91% for the SW505
algorithm in the comparison of CGM with YSI; the %20/20
was 76% for the G4P and 84% for the SW505 algorithm in

Table 2. Continuous Glucose Monitoring (CGM) Performance Accuracy During

Clinic (CGM vs. Reference YSI) and Home (CGM vs. Self-Monitoring of Blood Glucose) Use

CGM versus YSI CGM versus SMBG

G4P SW505 G4P SW505

Number of matched pairs 2,922 2,262 16,318 4,264
Mean/median ARD (%) 17/14 10/8 15/11 13/10
CEG Zone A (%)/A + B (%) 68/98 90/99 75/98 83/98
PEG Zone A (%)/A + B (%) 79/99 93/100 80/99 86/100
%20/20/%30/30 (%) 68/85 91/96 76/89 84/94

Within CGM ranges
40 £ CGM £60 mg/dLa

Number of matched pairs 19 86 487 240
Mean/median AD (mg/dL) 19/9 16/13 24/18 17/14

60 < CGM £80 mg/dLa

Number of matched pairs 76 142 1,340 399
Mean/median AD (mg/dL) 13/11 12/8 17/11 14/10

80 < CGM £180 mg/dL
Number of matched pairs 1,155 805 7,084 1,650
Mean/median ARD (%) 17/13 11/8 15/11 12/9

CGM >180 mg/dL
Number of matched pairs 1,672 1,229 7,407 1,975
Mean/median ARD (%) 18/14 9/7 14/10 11/8

CGM >250 mg/dL
Number of matched pairs 724 608 3,604 964
Mean/median ARD (%) 18/15 10/7 14/10 11/8

aAbsolute differences (AD; in mg/dL) included in these two ranges.
%20/20/%30/30, values within (–) 20% of the relative difference from the reference value at glucose levels >80 mg/dL and within (–) 20 mg/dL

of absolute difference at glucose levels £80 mg/dL/values within (–) 30% of the relative difference from the reference value at glucose levels
>80 mg/dL and within (–) 30 mg/dL of absolute difference at glucose levels £80 mg/dL; ARD, absolute relative difference; CEG, Clarke Error
Grid; G4P, G4 Platinum; PEG, Parkes Error Grid; SW505, Software 505 algorithm.
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the comparison of CGM with SMBG values. The (–) 30%/
(–) 30 mg/dL values displayed the same pattern of improved
performance accuracy for the SW505.

CGM performance was also assessed across various CGM
glucose ranges where the SW505 performance was also su-
perior to the G4P. Although the MARD was highest in the
hypoglycemic range for glucose values 40–80 mg/dL, in-
clusive, the MAD offers an alternative assessment of accu-
racy in this range. MARD values were 18% for G4P and 17%
for the SW505 (comparison of CGM with YSI) and 21% for
the G4P and 19% for the SW505 algorithm (comparison of
CGM with SMBG). For the glucose values 40–60 mg/dL, the
MAD values were 19 mg/dL and 16 mg/dL for the G4P and

SW505, respectively, in the comparison of CGM with YSI;
the MAD values were 24 mg/dL and 17 mg/dL for the G4P
and SW505, respectively, in the comparison of CGM with
SMBG. For the glucose values 61–80 mg/dL, the MAD val-
ues were 13 mg/dL and 12 mg/dL for the G4P and SW505,
respectively, in the comparison of CGM with YSI; the MAD
values were 17 mg/dL and 14 mg/dL for the G4P and SW505,
respectively, in the comparison of CGM with SMBG. Across
other glucose ranges, the SW505 performed substantially
better than the G4P with MARDs of 9–12% for the SW505
compared with 14–18% for the G4P (Table 2).

Bland–Altman density plots depict the bias of CGM to YSI
and of CGM to SMBG in mg/dL for the G4P and the SW505

FIG. 1. Mean absolute relative difference (MARD) (%) comparison of continuous glucose monitoring against (a) ref-
erence YSI across in-clinic study Days 1, 4, and 7 and (b) self-monitoring of blood glucose across home use Days 1–7. For
continuous glucose monitoring accuracy against the YSI, MARD improved from 21% on Day 1 to 16% on Day 4 and then
to 15% on Day 7 for the G4 Platinum (G4P); MARD improved from 13% on Day 1 to 8% on Day 4 and then to 10% on Day
7 for the Software 505 algorithm (SW505). For continuous glucose monitoring accuracy against self-monitoring of blood
glucose, MARD improved from 19% on Day 1 to 12% on Day 7 for the G4P; MARD improved from 15% on Day 1 to 11%
on Day 7 for the SW505.
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(shown in Fig. 4). The bias was centered around 0 with higher
density for the SW505 compared with the G4P for both CGM
versus YSI and CGM for SMBG. The majority of the bias for
the SW505 fell within the modified International Organiza-
tion for Standardization area of %20/20.

CGM detection of hypoglycemia and hyperglycemia

The SW505 performed superiorly to the G4P with respect
to detection of hypo- and hyperglycemia. With a low glucose
alert of 80 mg/dL, CGM detected true hypoglycemia ac-
cording to YSI measurements £80 mg/dL 55% of the time
within 15 min with the G4P and 91% of the time within
15 min with the SW505. In this hypoglycemic range, there
was a false alert rate of 34% with the G4P and 14% with the

SW505. With a high glucose alert of 240 mg/dL, CGM de-
tected true hyperglycemia according to YSI measurements
‡240 mg/dL 96% of the time within 15 min with the G4P and
94% of the time within 15 min with the SW505. In this hy-
perglycemic range, there was a false alert rate of 33% with
the G4P and 12% with the SW505.

Safety issues

There were no serious adverse events or device-related
serious adverse events for either the G4P or the SW505
among the pediatric patients in either study. There was no
sensor break-off or infection at the site of sensor insertion.
There was mild skin irritation in some patients in the adhesive
area, occurring at a low rate.

FIG. 2. Clarke Error Grids for continuous glucose monitoring (CGM) versus reference YSI (a and b) and self-monitoring
of blood glucose (SMBG) (c and d) for the G4 Platinum (a and c) and G4P Platinum with Software 505 algorithm (b and d).
The Clarke error grid results indicate superior performance with the Software 505 algorithm compared with the G4 Platinum
in the comparison of CGM versus reference YSI glucose values and CGM versus SMBG. For the G4 Platinum, 68% of
values fell in Zone A, and 98% fell in Zones A and B; for the Software 505 algorithm, 90% of values fell in Zone A, and
99% fell in Zones A and B. For the comparison of CGM with SMBG values, 75% of values fell in Zone A, and 98% fell in
Zones A and B for the G4 Platinum; 86% fell in Zone A, and 98% fell in Zones A and B for the Software 505 algorithm.
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Conclusions

This report describes the performance of the G4P CGM
system as well as the improved performance of the G4P with
the SW505 algorithm in pediatric patients with diabetes. The
initial study (Study 1), evaluating the safety and efficacy of
the G4P, provided data for the Food and Drug Administration
approval of the device for adjunctive use in pediatric patients,
2 years of age and older, in February 2014. The second study
(Study 2) evaluated the safety and efficacy of the G4P with
the updated SW505 algorithm for use in pediatric patients,
using the same algorithm as that used in the adult G4P device
and the currently approved Dexcom G5 Mobile CGM system.
Indeed, Study 2 provided the safety and efficacy data for the
SW505 algorithm for Food and Drug Administration ap-
proval for use in pediatric patients 2 years of age and older.
The G5 Mobile, with the same advanced algorithm, also
received the European CE mark as of September 2015 for use
in pediatric patients as young as 2 years old, based on the

overall improved performance. In pediatric patients, the
SW505 has an MARD of 10% compared with reference YSI
values, closely matching the favorable MARD of 9% in
adults with diabetes.28 Similarly, clinical accuracy based on
error grid analyses yielded 98–100% of values falling within
Zones A and B in the pediatric patients compared with 99.5%
for adults, and %20/20 was 91% for the younger patients and
93% for the adults for the SW505 in the comparisons of CGM
with reference YSI glucose levels.28 Notably, the SW505
algorithm’s performance has yielded opportunities for auto-
mated insulin delivery in many research settings.29,30

Although precision was not evaluated in Study 2 using the
505 algorithm, in Study 1 of the G4P, the overall paired
absolute relative difference was 10%, and the overall coef-
ficient of variation was 7% (data not shown). In addition,
precision according to sensor site (abdomen and buttocks)
was also satisfactory, varying from 6.3% (both sensors on
abdomen) to 7.5% (one sensor on abdomen and one on but-
tocks), with the coefficient of variation midway at 7% for two

FIG. 3. Parkes Error Grids for continuous glucose monitoring (CGM) versus reference YSI (a and b) and self-monitoring
of blood glucose (SMBG) (c and d) for the G4 Platinum (a and c) and G4P Platinum with Software 505 algorithm (b and d).
Assessment of CGM accuracy using the Parkes Error Grid yielded improved performance with the Software 505 algorithm
compared with the G4 Platinum, with greater percentages of CGM values falling within the clinically accurate Zone A and
the combined Zone A plus the benign error Zone B for CGM versus reference YSI and CGM versus SMBG. Notably, 100%
of the CGM values fell with Zones A and B for CGM versus YSI and for CGM versus SMBG with the Software 505
algorithm.
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sensors on the buttocks. Additionally, sensor performance for
the G4P and the SW505 was fairly consistent across the pe-
diatric age range, including the 2–5 year olds, the 6–12 year
olds, and the 13–17 year olds. Thus, precision and accuracy
of CGM in the pediatric population with diabetes now ap-
proach those in adults with diabetes. In addition, device
safety has been documented.

Notably, almost all patients studied had T1D (except for a
single insulin-treated patient with type 2 diabetes in Study 1).
Patients with T1D, in general, and pediatric patients, in par-
ticular, display substantially more glycemic variability than
do adults.19,31 Despite the inherent glycemic challenges
experienced by these young patients, the performance of the
SW505 system is sufficient to provide opportunities to opti-
mize glycemic control in the pediatric population, given its

enhanced performance characteristics. Indeed, pediatric pa-
tients will benefit from opportunities to increase glucose time
in range while reducing risk of severe hypoglycemia.

Previous studies of CGM in the pediatric population have
yielded inconsistent results regarding the ability of CGM to
improve glycemic control, measured as HbA1c, in the pedi-
atric population. The most common observation to date re-
garding CGM efficacy among pediatric patients relates to the
lack of durability of CGM use. Although many pediatric
patients may initiate CGM, numerous studies have docu-
mented the lack of sustained use among these young pa-
tients.9–14 Discontinuation has been related to the perceived
burden or hassle factors of CGM overwhelming any potential
benefits.17,18,21,32–34 These burdens arise from the device’s
size and appearance, pain associated with insertion and

FIG. 4. Bland–Altman density plots of continuous glucose monitoring (CGM) versus reference YSI glucose (a and b) and
self-monitoring of blood glucose (SMBG) (c and d) measurements for the G4 Platinum (a and c) and the G4 Platinum with
Software 505 algorithm (b and d). In Bland–Altman density plots, depicting the bias of CGM to YSI and of CGM to SMBG
(in mg/dL) for the G4 Platinum and the Software 505 algorithm, the bias was centered around 0, with higher density for the
Software 505 algorithm compared with the G4 Platinum for both CGM versus YSI and CGM for SMBG. The majority of the
bias for the Software 505 algorithm fell within the modified International Organization for Standardization area of %20/20.
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wearing, frequent alerts and alarms, and inherent inaccuracies
in earlier systems. The alerts and alarms, often referred to as
‘‘nuisance’’ alarms, become particularly annoying when the
SMBG value, obtained to validate the CGM reading, does not
match the CGM glucose value. Thus, there has been a need
for improved accuracy of devices that can reduce this per-
ceived nuisance factor. The G4P with SW505 offers greater
accuracy and alert performance, thereby providing a real
opportunity to minimize this nuisance factor.

In addition, the improved CGM performance in the hypo-
glycemic range, including values between 40 and 80 mg/dL,
may be able to provide reassurance that glycemic control can
improve in the absence of an increased risk of severe hypo-
glycemia. Indeed, earlier pediatric studies have cited fear of
hypoglycemia as a likely mediator of the previous failure of
CGM to improve glycemic control in pediatric patients, espe-
cially in the younger patients, as parents focus on eliminating
lower glucose levels in exchange for overall improvements in
glycemia and target HbA1c attainment.13,14,35

A previous series of studies evaluated implementing CGM
along with insulin pump therapy compared with multiple daily
insulin injections (MDI) with SMBG in pediatric and adults
patients with T1D.36–38 In these studies, known as STAR 3
(Sensor-Augmented Pump Therapy for A1C Reduction 3),
using the Paradigm� REAL-time system from Medtronic
(Northridge, CA), the pediatric patients, 7–18 years of age,
who were randomized to sensor-augmented pump therapy
compared with those randomized to MDI had significantly
lower HbA1c levels, and a greater proportion of patients
reaching age-specific glycemic targets had reduced glycemic
variability, without increased hypoglycemia.37 Notably, the
children, 7–12 years of age, used CGM more often than the
adolescents, 13–18 years of age, in the 1-year randomized
controlled trial, although both age groups benefited from the
sensor-augmented pump therapy. During the 6-month exten-
sion phase of the study, the MDI group crossed over to sensor-
augmented pump therapy and experienced significant im-
provements in HbA1c levels.38

The pediatric component of STAR 3 demonstrated op-
portunities for CGM implemented along with pump therapy
to benefit the pediatric population. On the other hand, in the
JDRF CGM study, which used multiple CGM devices, CGM
use in the pediatric patients was not clearly associated with
benefit in the younger patients, although adults derived sig-
nificant benefit in that trial.5 Thus, in order for CGM to im-
prove glycemic control without increased hypoglycemia in
the pediatric population, CGM devices likely need to dem-
onstrate improved performance or possibly be implemented
with pump therapy. Additional opportunities may exist with
the recent availability of wireless CGM data transmission to
parents or other care providers, using systems such as the
mySentry� from Medtronic39 or Dexcom Share�.40

The studies described in the current report were short term
and aimed at demonstrating safety and efficacy in order to
achieve regulatory approval for use in the pediatric popula-
tion. Longer-term studies are needed to assess whether the
substantially improved performance of the SW505 algorithm
results in greater uptake, sustained use, and improvements in
glycemic control without an increase in severe hypoglyce-
mia. Additionally, recent advancements in mobile commu-
nications with Bluetooth� (Bluetooth SIG, Kirkland, WA)
connectivity that allows for transmission of CGM data

directly to a smartphone, which eliminates the need to carry a
separate receiver and then to transmit data directly to remote
care providers, offer further opportunities to safely improve
glycemic control in youth. These advances will likely pro-
mote increased uptake and durability of CGM use in pediatric
patients; future studies are needed. Finally, use of the CGM
data to make diabetes treatment decisions, including insulin
dosing, will certainly reduce management burdens that are
placed on patients and their families. Indeed, the Dexcom G4
Platinum with SW505 and the Dexcom G5 Mobile with
SW505 have received the European CE mark for use in pa-
tients 2 years of age and older for nonadjunctive use, her-
alding in a potentially new era for diabetes management.
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