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Abstract

Background:
Users of continuous glucose monitoring are concerned with product accuracy and choice of insertion site.  
The Medtronic NexSensor™ was evaluated for accuracy during 6 days of wear when inserted in the abdomen 
and buttocks areas.

Methods:
Adults (ages 18–75) with type 1 diabetes wore two sensors simultaneously for 6 days, one each inserted in the 
abdomen and buttocks. Subjects underwent a frequent blood sampling study for 12 hours, during which time 
reference blood glucose values were obtained every 15 minutes and compared to sensor values.

Results:
Sixty-three subjects were enrolled, and 61 subjects completed the study. The mean agreement rate between 
sensor and blood glucose values was 75.5% [95% confidence interval (CI), 69.5, 81.4] at the abdomen site, 73.8% 
(95% CI, 68.8, 78.8) at the buttocks site, and 75.6% (95% CI, 70.8, 80.4) when sensor and reference data were 
combined between sites. Over 90% of paired sensor-reference values on Clarke error grids were within the  
A and B ranges. The mean absolute relative differences were 17.1% at the abdomen site, 16.5% at the buttocks site, 
and 16.8% when sites were combined.

Conclusion:
The NexSensor was accurate for inpatient, frequent-sample testing for 6 days when inserted into the abdomen  
and buttocks. The results of this study also provide evidence that both the abdomen and buttocks are suitable  
as sensor insertion sites.
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Introduction

In published studies, continuous glucose monitoring 
(CGM) reduced glycated hemoglobin (A1C) levels in people 
with type 1 diabetes by 0.53% (CGM versus self-monitoring 
of blood glucose) and 0.6% (sensor-augmented insulin-
pump therapy versus multiple daily injections with self-
monitoring of blood glucose).1,2 Frequent sensor wear 
has been consistently associated with reduction in A1C,1–3 
but obstacles to frequent CGM use include concerns about 
accuracy and discomfort related to sensor placement. 
Improvements in sensor accuracy and greater flexibility in 
sensor placement may help promote CGM sensor use and, 
therefore, improve clinical outcomes. Such improvements 
may also help to expand reimbursement for CGM 
systems by insurance companies and other payers.

The NexSensor™ subcutaneous glucose sensor has a 
form factor that is identical to—and can use the same 
insertion device and CGM receiver as—the commercially 
available Sof-Sensor® (all Medtronic, Inc., Northridge, CA). 
Both NexSensor and Sof-Sensor are composed of a 
microelectrode with a thin coating of glucose oxidase 
beneath several layers of biocompatible membrane.  
The NexSensor features a number of manufacturing  
and sensor chemistry enhancements over the Sof-Sensor 
that are intended to improve operating life reliability  
and consistency between sensors. Current labeling for Sof-
Sensor allows for a maximum of 3 days of continuous 
use in the United States and 6 days in Europe.  
This labeling also indicates Sof-Sensor insertion only in 
the abdomen.

The present study was conducted to assess whether 
NexSensor was accurate for 6 days in the abdomen and 
buttocks insertion sites.

Methods
Study Conduct
This study was conducted according to Good Clinical 
Practices. Written informed consent was obtained from 
all subjects in accordance with U.S. regulations. The study 
was conducted at three clinical sites in the United States 
(Escondido and Santa Barbara, CA, and Renton, WA).  
The NexSensor was an investigational device at the time of 
the study but was not conducted under an investigational 
device exemption owing to its nonsignificant risk 
profile. This study was registered on ClinicalTrials.gov 
(NCT00865345).

Subjects were 18 to 75 years of age and had type 1 
diabetes treated with an insulin pump or multiple daily 
injections of insulin for at least 3 months. Subjects wore the 
NexSensor on the abdomen and buttocks simultaneously. 
Sensors inserted at the abdomen site were connected to a 
real-time CGM system (Guardian® REAL-Time System, 
Medtronic, Inc.), and sensors inserted on the buttocks 
site were connected to a CGM recorder (CGMS iPro™, 
Medtronic, Inc.).

All subjects were randomized to a single 12 h frequent 
blood sampling test on 1 of the 6 days of sensor use. Sensor 
values collected during these visits were compared to 
plasma glucose values drawn every 15 min and processed 
using a laboratory analyzer (YSI 2300 STAT Plus™, YSI, Inc., 
Yellow Springs, OH). The subjects’ glucose was allowed 
to fall below 70 mg/dl as measured by the laboratory 
analyzer. At the discretion of the investigator, insulin 
was used to induce this value. A meal was then given. 
At the same meal or a subsequent meal, the subjects’ 
glucose value was allowed to rise above 250 mg/dl,  
as measured by the laboratory analyzer.

Statistical Analyses
The accuracy analysis was derived from a data set of 
paired sensor and reference values obtained during the 
frequent-sampling visits. Sensor and reference values 
were restricted to 40–400 mg/dl to correspond to the 
sensor’s performance range. Sensor and reference values 
were adjusted between 10 and 15 min later, in time to 
approximate the physiologic delay between interstitial 
fluid and blood as well as the delay between glucose and 
the sensor’s displayed value.4–6 Sensor values collected 
at the buttocks site using the retrospective professional  
CGM recorder were postprocessed using the calibration 
algorithm of the real-time CGM system used for collecting 
sensor values at the abdomen site.

The proportion of sensor values that were within 20% 
(or 20 mg/dl in the 40–80 mg/dl range) of corresponding 
reference values (i.e., the mean agreement rate) and 
corresponding 95% confidence interval (CI) were obtained 
by performing an analysis of variance model. Clarke 
error grid (CEG) analyses were conducted according to 
published criteria.7 Mean absolute relative difference 
(ARD) and median ARD were calculated between the 
sensor and reference values relative to the reference 
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value. Differences between sites in mean agreement, 
mean ARD, and CEG zones were compared using a 
repeated measures analysis of variance.

Statistical analyses were conducted using SAS 9.2  
(SAS Institute, Cary, NC).

Results

Subjects
Sixty-three subjects were enrolled. Sixty-one subjects 
completed the study. No subjects discontinued the study 
owing to an adverse event. Two subjects withdrew because 
the subject or legal representative requested withdrawal 
from the study. Subjects were randomized to participate 
in frequent sampling on days 1, 2, and 4 (3 groups of 
11 subjects each) or on days 3, 5, and 6 (3 groups of 
10 subjects each). Demographic and other baseline 
characteristics are displayed in Table 1.

Precision Analysis
A precision analysis compared the values derived from 
the abdomen and buttocks sensors using the abdomen 
sensor as the reference. The mean agreement rate within 
20% (or 20 mg/dl in the 40–80 mg/dl range) was 72.48%.

Accuracy Performance
The mean agreement rate within 20% (or 20 mg/dl in  
the 40–80 mg/dl range) was 75.5% (95% CI, 69.5, 81.4) at 
the abdomen site and 73.8% (68.8, 78.8) at the buttocks site. 
The mean agreement rates were similar between sites  
(p = .78). The mean agreement rate was 75.6% (95% CI, 
70.8, 80.4) when the sensor and reference data from  
both sites were combined.

Table 1.
Demographic and Other Baseline Characteristicsa

Characteristics of subjects (n = 63) Value

Mean age, mean (SD), years 38.7 (13.7)

Sex, number of subjects

Female 25

Male 38

Race, number of subjects

White 59

Asian 2

Native Hawaiian/other Pacific Islander 1

Other 1

Ethnicity, number of subjects

Hispanic/Latino 3

Non-Hispanic/Latino 60

Body mass index, mean (SD), kg/m2 25.9 (6.2)

A1C, % (SD) 7.3 (1.12)

aSD, standard deviation

The overall median ARD was 12.3% at the abdomen site, 
11.5% at the buttocks site, and 11.8% when sites were 
combined. The overall mean ARD was 17.1% at the 
abdomen site, 16.5% at the buttocks site, and 16.8% when 
sites were combined (Table 2). The overall mean ARD 
was similar between sites (p = .54). The buttocks site had 
a higher absolute difference than the abdomen site in the 
40–80 mg/dl range, and the abdomen site had a higher  
ARD than the buttocks site in the >240–400 mg/dl range. 
These differences between sites were not statistically 

Table 2.
Absolute Relative Difference by Glucose Rangea

Site
40–400 mg/dl

%
40–80 mg/dlb >80–120 mg/dl

%
>120–240 mg/dl

%
>240–400 mg/dl

%

Abdomen mean ARD (SD) 17.1 (16.9) 17.6 (14.1) 16.5 (15.7) 14.0 (13.7) 18.1 (17.1)

Abdomen median ARD 12.3 14.3 13.4 10 12.6

Buttocks mean ARD (SD) 16.5 (16.1) 21.8 (14.6) 16.8 (14.5) 13.7 (13.7) 12.4 (9.5)

Buttocks median ARD 11.5 22.1 12.7 9.6 10.5

Combined mean ARD (SD) 16.8 (16.5) 19.5 (14.3) 16.7 (15.2) 13.9 (13.7) 15.3 (14.1)

Combined median ARD 11.8 16.8 13.1 9.8 11.3

a SD, standard deviation
b For the 40–80 mg/dl range, mean and median ARD are given in mg/dl.
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significant (respectively, p = .36 and p = .16). The ARD 
was consistent from days 2 through 6 of sensor wear. 
Day 1 of sensor wear had a higher ARD than other days  
(Table 3). Tracings representative of good and poor 
agreement between sensor and reference glucose values 
are shown in Figure 1.

Over 90% of paired sensor-reference values were in the 
A and B zones of the CEGs at the abdomen, buttocks, 
and combined sites (respectively, 93%, 94%, and 94%; 

Table 3.
Absolute Relative Difference by Day of Weara

Site All days Day 1 Day 2 Day 3 Day 4 Day 5 Day 6

Abdomen mean ARD (SD) 17.1 (16.9) 24.2 (22.9) 14.3 (13.5) 16.5 (14.1) 13.6 (12.2) 19.1 (17.7) 15.2 (16.8)

Abdomen median ARD 12.3 18.3 10.8 14.2 10.4 13.5 8.8

Buttocks mean ARD (SD) 16.5 (16.1) 21.2 (20.2) 14.3 (12.6) 20.9 (19.1) 11.5 (9.0) 16.5 (17.0) 14.5 (13.6)

Buttocks median ARD 11.5 16.9 10.6 14.1 9.4 10.4 10.6

Combined mean ARD (SD) 16.8 (16.5) 22.8 (21.7) 14.3 (13.1) 18.8 (17.1) 12.4 (10.5) 18.0 (17.5) 14.9 (15.4)

Combined median ARD 11.8 17.6 10.6 14.1 9.8 11.8 9.8

a SD, standard deviation

Figure 1. Tracings of NexSensor and reference values: (A) good agreement and (B) poor agreement. SMBG, self-monitoring of blood glucose.

Figure 2). The proportion of values in CEG zones A+B 
was not statistically different between sites (p = .62). 
The abdomen site had more values in zone D than the 
buttocks site, but this difference was not statistically 
significant (p = .53). The number of paired values in 
each CEG zone for each day of wear is given in Table 4.

Safety
One adverse event was reported but was unrelated to 
the study device or procedures.
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Figure 2. Clarke error grids. CEG, Clarke error grid; BG, blood glucose.
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Discussion
This study demonstrated that NexSensor was accurate for  
6 days at both insertion sites, individually and combined. 
The NexSensor also had a low mean ARD and median 
ARD, and >90% of paired values were within the A and B 
ranges of CEGs at both sites.

The results of our study, which had a design similar to 
several previous investigations of CGM sensors,8–10 are 
discussed here. The study8 for regulatory approval of 
Sof-Sensor found a mean ARD of 19.7%. The mean ARD 
for NexSensor in our study was 16.8% using combined 
site data, 17.1% using abdomen site data, and 16.5% 
using buttocks site data. The difference in mean ARD 
between Sof-Sensor and NexSensor was nearly 3% in 
favor of the sensor used in our study. Furthermore, there  
was substantial consistency of ARD values from days 2 
through 6 of sensor wear. Day 1 of sensor wear had 
higher ARD values than other days, perhaps owing to 
calibration issues. The sensor does not display values 
until after the initial calibration at 2 h; thereafter, the 
system must be calibrated once every 12 h.

The CEG analysis provides further details about the 
accuracy of NexSensor in our study. The proportion of 
paired values in CEG zones A+B was slightly lower in 
our study of NexSensor (94%, combined sites) than in the 
regulatory study8 of Sof-Sensor (96.0%). Values in zone A,
however, were higher in our study (71%, combined sites) 
than in the Sof-Sensor regulatory study (62%). In our 
study, CEG values of the combined sites, like ARD 
values, were mostly consistent when stratified by day. 
A slightly higher proportion of values were in zone D 
(and slightly fewer values in zones A+B) on days 3 and 6,  
a finding that was not consistent with ARD values.  
The raw number of paired values in zone D on days 3 
and 6 (respectively, 73 and 59), however, were similar 
to days 1, 2, and 5 (45, 35, and 58). Day 4 had only  

14 paired values in zone D and had a higher proportion 
of values in zones A+B (97.48%) than the total of all days 
(93.66%) or for any other day individually.

Our study showed that NexSensor was safe and accurate 
when placed in either the abdomen or buttocks site 
for 6 days of use. Mean agreement rates, overall ARD, 
and error grid A+B zone rates were statistically similar 
between sites. The mean agreement rate and ARD values 
suggest a potential advantage to the abdomen site in 
the hypoglycemic range and the buttocks site in the 
hyperglycemic range. However, the differences between 
sites in mean agreement rate and mean ARD were not 
statistically significant, and mechanical disturbances 
were not assessed for possible effects on accuracy. 
Published accuracy studies11–13 of Sof-Sensor attached to 
the Guardian REAL-Time System in adult subjects do not 
specify which site was used. We are, therefore, reporting 
the first published study to investigate whether the 
Sof-Sensor/NexSensor form factor is safe and accurate 
for use in the abdomen and buttocks sites. This is 
an important finding because patients frequently use 
current sensors in locations other than those specified  
on the labeling.

Conclusions
The NexSensor was accurate and safe to wear for 6 days 
at the abdomen and buttocks sites. The improvements 
in accuracy shown in our study demonstrated that 
NexSensor is an advancement in the management of 
diabetes via CGM technology.
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This study was sponsored by Medtronic, Inc.

Table 4.
Clarke Error Grid Zones by Day of Wear for Combined Abdomen and Buttocks Sitesa

Zones All days Day 1 Day 2 Day 3 Day 4 Day 5 Day 6

A+B 93.66 (4656) 92.72 (675) 96.40 (992) 89.41 (726) 97.48 (620) 93.62 (939) 92.27 (704)

A 71.03 (3531) 56.18 (409) 75.70 (779) 66.63 (541) 81.76 (520) 69.29 (695) 76.93 (587)

B 22.63 (1125) 36.54 (266) 20.70 (213) 22.78 (185) 15.72 (100) 24.33 (244) 15.33 (117)

C 0.38 (19) 0.82 (6) 0 1.11 (9) 0.31 (2) 0.20 (2) 0

D 5.71 (284) 6.18 (45) 3.40 (35) 8.99 (73) 2.20 (14) 5.78 (58) 7.73 (59)

E 0.24 (12) 0.27 (2) 0.19 (2) 0.49 (4) 0 0.40 (4) 0

a Results presented as % (paired values).
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