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1. PRECISE study design 
 

Supplementary Figure S1. study design 
 

 

 

The study consisted of a screening visit, a sensor insertion visit, five 24-hour and 3 eight-hour in-
clinic accuracy assessment visits and a sensor removal visit. 
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2. Description of the Eversense CGM system configuration 
 

 
Figure S2: Senseonics CGM System – Sensor (sized 3x16mm), Transmitter (sized 40x40x14mm) and Mobile Medical 

Application (MMA) 
 

2.1. System Overview 
 

The Senseonics CGM system sensor uses a selective, fully reversible binding between glucose and 
a proprietary fluorescent indicator macromolecule that is grafted on the surface of the sensor. Glucose 
binding by the indicator macromolecule results in an increase in fluorescence intensity. The sensor 
optical components (a light emitting diode and two photodiodes) act as a miniaturized 
spectrofluorometer which measures the fluorescent intensity. The sensor does not contain a battery or 
other stored power source; instead it is powered discretely, as needed, by a simple inductive magnetic 
link between the transmitter and sensor. The remote powering link uses Near Field Communication 
(NFC) to also carry the intensity data to the transmitter through the wireless link. The transmitter is 
secured over the sensor insertion site with a daily adhesive patch and is rechargeable via a micro USB 
cable. The transmitter not only communicates with the sensor, but it also does the glucose calculation, 
enables on-body vibration alerts to the user and also communicates data to the MMA via Bluetooth LE. 
The Mobile Medical Application (MMA) is a software application that runs on a handheld device (e.g., 
Smartphone) called the “Eversense App” for display of glucose information. 
 
2.2. Sensor Glucose Transduction 
 
The fundamental recognition reaction is a reversible condensation of the cis-diol groups of glucose with the bis-
boronate moiety of an indicator. A hydroxyethyl methacrylate (HEMA) / polyethylene glycol (700) diacrylate 
(PEG (700 DA)) copolymer matrix (the indicator layer), 100 microns thick, is grafted to the outside of this 
encasement and coated with a thin layer of 

2.3. Sensor Glucose Transduction 
 
The fundamental recognition reaction is a reversible condensation of the cis-diol groups of glucose with 
the bis-boronate moiety of an indicator. A hydroxyethyl methacrylate (HEMA) / polyethylene glycol 
(700) diacrylate (PEG (700 DA)) copolymer matrix (the indicator layer), 100 microns thick, is grafted to 
the outside of this encasement and coated with a thin layer of sputtered platinum and has a silicone 
dexamethasone acetate collar. The dexamethasone acetate silicone collar is intended to elute 
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dexamethasone to the local subcutaneous tissue to reduce tissue inflammation around the sensor and 
improve sensor performance. The glucose indicating copolymer which is grafted onto the PMMA 
surface is fluorescent and changes intensity in response to changes in glucose concentrations. The 
glucose indicating matrix does not consume or chemically alter glucose, oxygen or other chemical 
species, nor are any new chemicals generated during use. Instead, glucose reversibly binds to the 
indicator boronic acids groups (which act as glucose receptors) in an equilibrium binding reaction. Since 
fluorescence intensity of the glucose bound form is greater than the unbound form, light output from the 
indicator polymer changes with glucose concentration. 
 
The photophysical mechanism for the increased fluorescence intensity upon glucose binding is through 
disruption of photoinduced electron transfer (PET). When glucose is not present, anthracene 
fluorescence is quenched by intramolecular electron transfer from the unpaired electrons on the indicator 
tertiary amines. When glucose is bound to the boronic acids, the Lewis acidity of boron is increased and 
weak boron-nitrogen bonds are formed. That bonding prevents electron transfer from the amines and 
consequently prevents fluorescence quenching. The indicator is not chemically altered as a result of the 
PET quenching process. 
 
2.4. Sensor insertion  
 
The insertion location in the upper-arm is determined. The patient is prepared for minor surgery using clean 
working techniques. The insertion area is anesthetized as appropriate for the patient. Then an incision is made of 
approximately 5‐8 mm at the determined insertion location such that you will be able to create an appropriately 
sized subcutaneous pocket at a depth of no more than 1.0 cm from the skin surface. The blunt dissector, 
Fig. S3(a), is used to create a subcutaneous pocket. The sensor is placed in the subcutaneous pocket making use of 
the insertion tool (Fig S3.(b)). The incision is closed using steristrips or sutures according to the local preference. 
 

 
(a) 

 
(b) 

Figure S3: System tools for the Eversense CGM Sensor insertion procedure showing the (a) blunt dissector and the 
(b) sensor insertion tool 

 
2.5. Sensor removal 
 
The Sensor location is determined by palpating the sensor, an appropriate incision location is decided. If 
palpating the sensor is not possible, the transmitter or a portable echo-device is used to help define the 
location of the sensor. The patient is prepped and draped in the appropriate manner. The insertion area is 
anesthetized as appropriate for the patient. Then a 5-8 mm incision is created through the skin at the 
predefined location. Using a small hemostat to grasp the proximal end of the sensor, the sensor is 
removed from the pocket. The incision is closed using steristrips or sutures according to the local 
preference. 
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3. Study trial profile 
 
Supplementary Figure S4. Trial profile 

 

109 subjects consented 

   
  13 subjects had screen failure 
  15 participants  withdrew consent due to exceeding screening window 
   
81 participants completed sensor insertion 
   

 
 5 participants were sensor platform and procedure configuration evaluation 

5 participants are site training participants  
   
71 participants completed Day 1 Visit 
   
  1 subject withdrew consent 
   
70 participants completed Day 14 Visit  
   
  1 subject withdrew consent 
  1 subject withdrew consent due to an adverse event 
   
68 participants completed Day 30 Visit  
   
  2 participants completed study with sensor retirement alert 
   
66 participants completed Day 60 Visit  
   
  10 participants completed study with sensor retirement alert 
  1 subject withdrew consent 
   
55 participants completed Day 90 Visit 
   
  7 participants completed study with sensor retirement alert 
  3 participants had sensor electronics or mechanical failure 
   
45 participants completed Day 120 Visit 
   

 
 1 subject withdrew consent 

1 subject withdrew consent due to an adverse event 
11 participants completed study with sensor retirement alert  

  2 participants had sensor electronics or mechanical failure 
   
30 participants completed Day 150 Visit 
   
  7 participants completed study with sensor retirement alert 
   
23 participants completed Day 180 Visit 

 



SUPPLEMENTARY DATA 
 

©2016 American Diabetes Association. Published online at http://care.diabetesjournals.org/lookup/suppl/doi:10.2337/dc16-1525/-/DC1 

4. Additional performance outcomes for the study device 
 

4.1. In-clinic Alarm performance 
 

Supplementary Table S1. In-clinic Alarm performance 
 

 

Hyperglycemic and hypoglycemic events 
Confirmed Event 
Detection Rate (%) 

Missed Event
Detection Rate (%) 

True Alarm Rate 
(%) 

False Alarm Rate 
(%) 

Low Glucose Alarm Setting  
(3.9 mmol/L or 70 mg/dL) 

81 19 67 33 

High Glucose Alarm Setting  
(10.0 mmol/L or 180 mg/dL) 

88 12 90 10 

Hypoglycemic event – two or more successive paired YSI measurements below the 
alarm threshold or one paired YSI measurement (6 mg/dL) below the alarm threshold.; 
Hyperglycemic event – two or more successive paired YSI measurements above the 
alarm threshold or one paired YSI measurement 6% above the alarm threshold.;  
Confirmed Event Detection Rate – a CGM measurement beyond the alarm threshold 
within 30 minutes from the start of a hypoglycemic or hyperglycemic event expressed as 
the percentage of total number of events. Missed event detection rate – missed number of 
events expressed as the percentage of total number of events.; True Alarm Rate – a CGM 
measurement beyond the alarm threshold when at least one YSI measurement was also 
beyond the same alarm threshold within ±30 minutes expressed as percentage of the total 
number of alarms occurring.; False Alarm Rate – number of false alarms expressed as 
percentage of the total number of alarms.  
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4.2. Clarke error grid 
 

Supplementary Figure S5. Clarke error grid for in-clinic accuracy assessment 
 

 

Figure S5. Clarke Error Grid Analysis for study CGM system during in-clinic accuracy assessment. 
Based on a total of 21527 CGM-YSI data pairs, the study CGM had 84.3% of values in zone A, 14.9% 
in zone B, 0.0.% in C, 0.7% in zone D, 0.0% in zone E.   
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4.3. Bland Altman analyses 
 
Supplementary Figure S6.  Bland-Altman plot 
 

 
Figure S6. The overall mean bias (difference: sensor minus YSI) from the Bland-Altman analysis 
for all YSI and sensor readings during the full study period was estimated to be -0.05 mmol/L or -
0.9 mg/dL  
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4.4. Sensor calibration stability 
 
Supplementary Table S2. Percentage of System Readings within YSI Values with Data Stratified in 4-
hour Increments after Calibration. 
 

Time from Calibration Number of Paired 
CGM and YSI 
datapoints (n) 

Percent within 
20/20% YSI (%) 

Percent within 
30/30% YSI (%) 

Percent within 
40/40% YSI (%) 

0-4 hours 11324 84.5 93.7 97.2 

4-8 hours 5743 85.1 94.9 97.9 

8-12 hours 3618 84.2 95.1 98.0 

Total 20685 84.6 94.3 97.5 

The Senseonics CGM system was evaluated in 4-hour increments over the period from 0 to 12 
hours with the numbers and percentages of paired Senseonics CGM System and YSI readings 
within 20 mg/dL (for YSI ≤ 3.9 mmol/L or 70 mg/dL) or 20% (for YSI > 3.9 mmol/L or 70 
mg/dL), 30 mg/dL (for YSI ≤  3.9 mmol/L or 70 mg/dL) or 30% (for YSI >  3.9 mmol/L or 70 
mg/dL), and 40 mg/dL (for YSI ≤ 3.9 mmol/L or 70 mg/dL) or 40% (for YSI > 3.9 mmol/L or 
70 mg/dL). 
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4.5. System lag time  
The lag time of the Senseonics CGM System versus YSI was estimated based on Poincaré-type plot and 
a maximum statistical agreement criterion. The estimated lag time was 10.3 minutes with 95% 
confidence interval of 0.0 to 20.5 minutes. 
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4.6. Within subject precision  
 
Supplementary Table S3. Between-Sensor Precision Statistics 
 

Level of Mean Glucose  
mmol/L (mg/dL) 

Mean Difference 
mmol/L (mg/dL) 

SD of Difference 
mmol/L (mg/dL) 

N Pairs 

≤3.9 (70) -0.04 (0.7 ) 0.88 (16) 1494 

3.9-10.0 (71-180) -0.06 (1.1 ) 1.18 (21.3) 36345 

>10 (180) 0.18 (3.3) 1.82 (32.8) 16427 

All 0.01 (0.2) 1.41 (25.3) 53963 

PARD 11.6%   

PCV 16.3%   

The characterization of between-sensor precision based on paired Senseonics CGM 
system readings from the primary and secondary designated Sensors worn 
simultaneously, one on the primary upper arm and one on the contralateral upper arm. 
For each Sensor glucose pair, the mean reading was calculated. Based on the mean 
reading, paired readings were stratified into glucose levels of ≤ 3.9mmol/L or 70 
mg/dL, 3.9-10 mmol/L or 71-180, and > 10 mmol/L or 180 mg/dL. Overall, there was 
a mean difference of 0.01 mmol/L or 0.2 mg/dL between the paired primary and 
secondary sensors. 
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4.7. Person to person variability 
 
Supplementary Table S4. Person-to-Person Variability of Primary Effectiveness Endpoint 
 

Absolute Relative Difference (%) Sum of Squares df Sig. 

Between Subjects 133790.69 69 <0.001 

Within Subjects 1963115.22 2040  

Total 2096905.91 20469  

The ANOVA demonstrated that there was evidence (p < 0.001) of differences between 
subjects in the primary effectiveness endpoint MARD outcome. However, the upper 
95% confidence bound for the mean absolute relative difference (%) for individual 
subjects was less than the pre-specified performance goal of 20% for 98.6% (69/70) of 
the subjects contributing to the accuracy evaluation. 
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4.8. Description of device related and unrelated (serious) adverse events 
 
Supplementary Table S5. Description of device related and unrelated (serious) adverse events 
 

Event Physiologic System and Category 
Number of Events (n) 
(n=68) 

Number of Subjects n(%) 
(n=56) 

Dermatological 
Rash – Vesicular  
Sensor Insertion Site – Discomfort 
Sensor Insertion Site – Redness 
Sensor Insertion Site – Infection 
Sensor Removal Site – Infection 
Transmitter Location Site – Dermatitis 
Transmitter Location Site – Redness 
IV Site – Pain 
Erythema 
Inset Stings 

13 
1 
2 
2 
1 
1 
1 
2 
1 
1 
1

11 (15.5%) 

Pulmonary Respiratory 
Cough 
Infection- asthmatic bronchitis 
Infection – Chest  
Pneumonia 

5 
2 
1 
1 
1 

5 (7.0%) 

Cardiovascular  
Palpitations 
Hypertension 

3 
2 
1 

2 (2.8%) 

Gastrointestinal Hepatic 
Diarrhea 

1 
1 

1 (1.4%) 

Neurological 
Headache 
Neuropathy – Left hand 
Vertigo 
Dizziness and Nausea 

5 
2 
1 
1 
1 

5 (7.0%) 
 

Musculoskeletal Rheumatologic 
Back Pain 
Fracture – Toe 
Frozen Shoulder 
Pain – Left forearm 
Sprain – Foot 

6 
2 
1 
1 
1 
1 

6 (8.5%) 

Endocrine 
Hypoglycemic Event 
Vitamin D Deficiency 
Hypoglycemia 
Hyperglycemia 
Worsening of diabetes control 

7 
1 
1 
3 
1 
1 

7 (9.9%) 

HEENT 
Allergy – Seasonal  
Cold 
Inflammation – Eye 
Infection – Throat  
Infection – Tonsils 
Ocular Ischemia 
Infection – Upper Respiratory Tract 
Pain – Ear  
Cough 

18 
1 
10 
1 
1 
1 
1 
1 
1 
1 

13 (18.3%) 

Genito-Urinary 
Tubal Ligation 
Menorrhagia 

2 
1 
1 

2 (2.8%) 
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Event Physiologic System and Category 
Number of Events (n) 
(n=68) 

Number of Subjects n(%) 
(n=56) 

Hematologic Immunologic 
Abnormal lab value- anemia 
Abnormal lab value- vitamin deficiency 
Hematoma 

6 
2 
1 
3 

2 (2.8%) 

Other 
Psychological Disorder 

2 
2 

2 (2.8%) 

Table S5. All 71 subject got two sensors implanted, 5 sensors were replaced bringing the 
total number of implanted sensors to 147. 
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4.9. Comparison of current and estimated performance of the CGM-system using a new data 
algorithm 

 
Supplementary Table S6. Accuracy of the continuous monitoring system using upgraded CGM 
algorithm 
 

 CGM accuracy  

 Present CGM algorithm  Improved CGM algorithm  

Venous 
MARD % (n) 
MAD mg/dL SD 95%CI  

MARD % (n) 
MAD mg/dL SD 95%CI P 

≤75 21.7 (1057) 
14.2 (1057) 

21.5 
13.5 

20.4; 23.0 
13.4; 15.0 

 18.6 (1051) 
12.1 (1051) 

17.8 
11.1 

17.6; 19.7 
11.4; 12.8 

<0.001 

76-180 11.9 (14274) 
-- 

10.9 
-- 

11.8; 12.1 
-- 

 10.7 (13469) 
-- 

9.7 
-- 

10.5; 10.9 
-- 

<0.001 

>180 9.2 (6196)  
-- 

7.8 
-- 

9.0; 9.4 
-- 

 8.8 (5973) 
-- 

7.3 
-- 

8.6; 8.9 
-- 

<0.001 

40-400 11.6 (21527) 
-- 

11.2 
-- 

11.5; 11.8 
-- 

 10.5 (20493) 
-- 

9.9 
-- 

10.4; 10.7 
-- 

<0.001 

Retrograde real-time analyses of raw measurement data set using improved CGM algorithm.  

 


