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Abstract

Objective: Knowledge of the accuracy of continuous glucose monitoring (CGM) devices is important for its use as a man-
agement tool for individuals with diabetes and for its use to assess outcomes in clinical studies. Using data from several
inpatient studies, we compared the accuracy of two sensors, the Medtronic Enlite� using MiniMed Paradigm� Veo�
calibration and the Sof-Sensor� glucose sensor using Guardian� REAL-Time CGM calibration (all from Medtronic Diabetes,
Northridge, CA).
Subjects and Methods: Nocturnal data were analyzed from eight inpatient studies in which both CGM and reference glucose
measurements were available. The analyses included 1,666 CGM–reference paired glucose values for the Enlite in 54 par-
ticipants over 69 nights and 3,627 paired values for the Sof-Sensor in 66 participants over 91 nights.
Results: The Enlite sensor tended to report glucose levels lower than the reference over the entire range of glucose val-
ues, whereas the Sof-Sensor values tended to be higher than reference values in the hypoglycemic range and lower than
reference values in the hyperglycemic range. The overall median sensor–reference difference was - 15 mg/dL for the Enlite
and - 1 mg/dL for the Sof-Sensor (P < 0.001). The median relative absolute difference was 15% for the Enlite versus 12% for
the Sof-Sensor (P = 0.06); 66% of Enlite values and 73% of Sof-Sensor values met International Organization for Standardi-
zation criteria.
Conclusions: We found that the Enlite tended to be biased low over the entire glucose range, whereas the Sof-Sensor showed
the more typical sensor pattern of being biased high in the hypoglycemic range and biased low in the hyperglycemic range.

Introduction

Continuous glucose monitoring (CGM) devices have
been shown to improve management for individuals

with diabetes1–3 and can be an effective tool for the assessment
of outcomes in clinical studies.4 CGM accuracy is a critical
factor in the development of a commercially viable artificial
pancreas device system.

The Medtronic Enlite� subcutaneous glucose sensor (re-
ferred to as ‘‘Enlite’’) has a smaller needle and is easier to insert
than the Sof-Sensor� sensor (referred to as ‘‘Sof-Sensor’’) (both
from Medtronic Diabetes, Northridge, CA). The MiniMed
Paradigm� Veo� (referred to as ‘‘Veo’’) calibration algorithm
used with the Enlite sensor was designed to be more accurate
than the previous Sof-Sensor and Guardian� REAL-Time (re-
ferred to as ‘‘Guardian’’) calibration algorithm (both from
Medtronic Diabetes), particularly in the hypoglycemic and
near-hypoglycemic range.5 The Enlite and Veo are currently
available in Europe and are awaiting approval in the United
States. Differences in accuracy are important factors for clini-
cians and patients to consider when transitioning to the new

devices. Using data from eight inpatient studies, we compared
the accuracy of the two Medtronic sensors.

Research Design and Methods

Data collected in eight studies (both published6–10 and
unpublished) were used to assess the accuracy of the Sof-
Sensor and Enlite sensors in comparison with reference
plasma glucose measurements (Table 1). Subjects had type 1
diabetes and were studied in an inpatient clinical research
center setting. Three protocols (71 nights from 31 patients)
included periodic dosing of glucagon. Reference venous
blood glucose measurements were obtained by sending blood
samples to a central laboratory (Study B) or using a YSI model
2300 glucose analyzer (YSI Inc., Yellow Springs, OH) (Studies
A and E– G), GlucoScout� blood glucose monitor (Interna-
tional Biomedical, Inc., Austin, TX) (Studies C–F and H), or
HemoCue 201 + � glucose analyzer (Hemocue, Inc., Angel-
holm, Sweden) (Studies E and F). CGM calibration was per-
formed at manufacturer-recommended intervals using
capillary home glucose meter values (Studies B and E–G) or
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venous reference values (Studies A, C, D, and H). Veo cali-
bration was used for all Enlite glucose sensors, and Guardian
calibration was used for all Sof-Sensor glucose sensors.

Glucose data were restricted to nighttime measurements
(10 p.m.–6 a.m.) to make the studies more similar. CGM de-
vices driving the controller tend to shift glucose toward the
target range, thereby changing the distribution of glucose
values and the bias.11 Therefore, this analysis did not include
data from CGM devices driving the controller. The reference
glucose measurements were paired to the closest CGM mea-
surement within – 5 min. When reference values were si-
multaneously available from more than one source, YSI
values were used instead of those from the GlucoScout or
HemoCue. For studies in which patients wore two passive
CGM devices (Studies B and E), the reference glucose mea-
surements were paired to each device. Across studies, there
were 1,666 CGM–reference paired glucose values for the En-
lite sensor in 54 participants over 69 nights and 3,627 paired
values for the Sof-Sensor in 66 participants over 91 nights. For
the Enlite sensor, 19% of reference values were obtained from
a YSI analyzer, 66% using a GlucoScout monitor, and 15%
using a HemoCue analyzer. For the Sof-Sensor pairs, the
reference source was 18% central lab, 14% YSI, 65% Glu-
coScout, and 3% HemoCue.

The difference (CGM minus reference value) and relative
absolute difference (RAD) (absolute difference divided by the
reference value, expressed as a percentage) were computed
for each pair. The RAD evaluates the magnitude of the errors,
whereas the difference evaluates whether there is any bias
for the sensor to read systematically high or low. Each pair
also was evaluated for adherence to the International
Organization for Standardization criteria (ISO): for reference
values £ 75 mg/dL, CGM value within – 15 mg/dL, and for
reference values > 75 mg/dL, CGM value within – 20%.
Summary statistics were calculated by pooling all paired
values for each device. The bootstrap technique was per-
formed to test the differences in accuracy and bias between
the two CGM sensor devices controlling for reference glucose
and accounting for correlated data within the same subject.
One study showed a particularly inaccurate Enlite sensor, and

a sensitivity analysis was performed to compare the accuracy
and bias between the two devices after this study was ex-
cluded. Analyses were performed using SAS version 9.3
software (SAS Institute, Cary, NC).

Results

As seen in Figure 1, the Enlite sensor tended to report
glucose levels lower than the reference over the entire range of
glucose values, whereas the Sof-Sensor values tended to be
higher than reference values in the hypoglycemic range and
lower than reference levels in the hyperglycemic range as is
more typically seen when sensor glucose values are compared
with a reference. Overall, the median sensor–reference dif-
ference was - 1 mg/dL for the Sof-Sensor and - 15 mg/dL for
the Enlite (P < 0.001), the median RAD was 12% versus 15%,
respectively (P = 0.06), and the mean RAD was 16% versus
18%, respectively; 73% of Sof-Sensor values and 66% of Enlite
values met ISO criteria (Table 2). Results for each of the
eight studies are shown in Supplementary Tables S1 and
S2 (Supplementary Data are available online at www
.liebertpub.com/dia).

One study (Study F6) showed greater inaccuracy with the
Enlite compared with the other studies (median RAD of 27%
compared with 15%, 14%, and 13% for three other studies;
Supplementary Table S2). However, excluding this study only
decreased the overall median RAD by 1%. Median sensor–
reference difference and RAD tended to fluctuate when ad-
justing for reference source and studies with capillary and
venous calibration but gave similar results between sensors
(Supplementary Table S3).

Discussion

We found that the Enlite sensor tended to be biased low
compared with reference glucose values across the reference
range, whereas the Sof-Sensor sensor followed the more
typical sensor pattern of being biased high in the hypoglyce-
mic range and biased low in the hyperglycemic range. These
findings were fairly consistent across studies. Sensor bias
could be affected by delayed changes in subcutaneous

Table 1. Studies Providing Data for the Analyses (n = 148 Nights)

Study
Number

of subjects
Age range

(years)
A1c range

(%)
On
CLa Reference method

Reference
frequency

Number
of sensors

CGM
frequency

A9 12 5–17 (6.5%, 13.3%) No YSI 15 min 1 Sof-Sensor 1 min
B7 26 5–17 (6.1%, 9.4%) No Laboratory 30 min 2 Sof-Sensors 5 min
C8 10 19–71 (6.2%, 8.5%) Yes GlucoScout 5 min 1 Sof-Sensor 5 min
D10 6 33–72 (6.4%, 8.3%) Yes GlucoScout 15 min 1 Sof-Sensor 5 min
E (unpublished)b 12 17–42 (5.8%, 8.6%) Yes YSI, GlucoScout,

HemoCue
30 min 1 Sof-Sensor,

1 Enlite
5 min

F6 15 18–42 (6.1%, 8.2%) Yes YSI, GlucoScout,
HemoCue

30 min 1 Enlite 5 min

G (unpublished)b 12 12–18 (8%, 12%) No YSI 30 min 1 Enlite 5 min
H (unpublished)b 15 12–61 (6.3%, 8.5%) Yes GlucoScout 15 min 1 Enlite 5 min

Nighttime was defined as 10 p.m.–6 a.m.
aIndicates whether patients were connected to a closed-loop (CL) device during the study. All continuous glucose monitoring (CGM)

measurements driving the controller were excluded.
bStudy E was coordinated by the Jaeb Center; data were acquired by the Stanford University and Barbara Davis Center clinical teams and

are on file at the Jaeb Center. Study G was run by R. Hovorka at Cambridge University, and a data subset was provided to the Jaeb Center;
data are on file at both Cambridge University and the Jaeb Center. Study H was run by E. Damiano at Boston University, and a data subset
was provided to the Jaeb Center; data are on file at both Boston University and the Jaeb Center.
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interstitial fluid glucose with respect to blood glucose and
offsets in current estimates.12 The pronounced bias with the
Enlite sensor may reflect changes in the Paradigm Veo’s in-
ternal calibration factors.5 This calibration seemingly in-
creases sensitivity for detection of hypoglycemia but at the
expense of an increased false-positive rate for hypoglycemia.

Our results also showed that the Sof-Sensor was slightly more
accurate than the Enlite sensor, especially when the reference
glucose level was high. Other studies have reported similar
median RAD values for the Sof-Sensor and Enlite CGM. Mas-

trototaro et al.13 reported a median RAD of 10.5% when com-
paring the Sof-Sensor with blood glucose meters at home in
adults with type 1 diabetes. Keenan et al.14 reported a median
RAD of 13.9% when comparing the Enlite using a Paradigm Veo
calibration with the YSI analyzer in adults with type 1 diabetes.

Important limitations of this study are the differences in
calibration methods, reference sources, and subject charac-
teristics, which may confound these results. However, trends
for the Enlite to read low, even during hypoglycemia, and for
the Sof-Sensor to show comparable or better accuracy were

Table 2. Comparison of Overnight Sof-Sensor with Paradigm Pump and Enlite Continuous

Glucose Monitoring with Veo Pump Point Accuracy

Number of pairs RADa ISOb

Sof-Sensor Enlite Sof-Sensor Enlite P value Sof-Sensor Enlite P value

Overall 3,627 1,666 12% (6%, 21%) 15% (7%, 25%) 0.06 73% 66% 0.11
Reference glucose (mg/dL)

£ 70 210 122 14% (7%, 38%) 19% (9%, 27%) 0.91 68% 75% 0.66
71–120 1,713 691 13% (6%, 21%) 14% (6%, 27%) 0.46 72% 62% 0.16
121–180 1,086 559 12% (6%, 21%) 15% (7%, 23%) 0.20 73% 68% 0.44
> 180 618 294 10% (5%, 19%) 15% (9%, 24%) 0.01 78% 64% 0.06

aRelative absolute difference (RAD) = absolute difference/reference. Data are median values (25th, 75th percentiles).
bInternational Organization for Standardization (ISO) criteria are continuous glucose monitoring measurements within – 15 mg/dL for

reference glucose values £ 75 mg/dL and within – 20% for reference glucose values > 75 mg/dL.

FIG. 1. Sof-Sensor and Enlite sensor bias based on reference glucose level. Black dots denote the mean difference, and boxes
denote the median (25th, 75th percentiles) difference.
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fairly consistent across studies. The restriction to overnight
values, in an attempt to minimize potentially confounding
variation in subject activity levels and meals in different
studies, is another limitation of this analysis. RAD values re-
ported here may not extend to those seen in daytime or mixed
studies, because of lower glucose variability overnight.

In summary, the Enlite calibration is such that sensor val-
ues tend to be lower than true glucose values, which would be
expected to produce greater detection of hypoglycemia but at
the expense of more false-positives.
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