
11.93 11.94 11.95

70

80

 

 

70 

75 

80 

85 

90 

11.93 11.94 11.95 11.96 

ABSTRACT: The accuracy of a subcutaneously implanted sensor for continuous glucose monitoring can be compromised when calibrated 

against self-monitoring blood glucose (SMBG) meter readings, which are known to have errors [1]. Here, we present an algorithm that accounts 

for SMBG measurement errors for prospective calibration of a fully implantable, wireless fluorescence-based continuous glucose sensor [2]. 

The proposed algorithm includes information from prior SMBG calibration data through a Bayesian inference that incorporates the reliability of 

the sensor glucose data based on a previous calibration with probabilistic assessments of the error in the current SMBG measurement. 
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DEVICE BACKGROUND: 

CLINICAL DATA AND PERFORMANCE: 

RESULTS: 

This figure demonstrates on a  

typical 24-hour sensor data the  

benefit of the Bayesian inference in  

tolerating error in an SMBG measurement.  

The vertical line represents the time of calibration. 

This figure demonstrates the benefit of the Bayesian inference in tolerating errors in 

SMBG measurements over repeated calibration at regular intervals.  Here, the vertical 

lines represent time of calibration against the SMBG measurements. 
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Sensor glucose (prior technique) [MARD=17.16(%); MAD=10.80(mg/dL)]

Sensor glucose (proposed technique) [MARD=9.95(%); MAD=7.10(mg/dL)]

Fingersticks

YSI (plasma equivalent)

The proposed technique tolerates 

error between SMBG 

 and YSI measurements 

Rigid, biocompatible 

encasement 

LED 
Antenna Coil 

Photodiodes & filters 

(signal and reference 

channels) 

14 mm x 3 mm 

Fluorescent, glucose 

indicator polymer 

grafted onto the 

sensor   

40.8 41 41.2 41.4 41.6 41.8 42

50

100

150

200

250

300

350

400

Time since implant (days)

G
lu

c
o

s
e

 (
m

g
/d

L
)

 

 

Sensor glucose (prior technique) [16.35(%) 31.06(mg/dL)]

Sensor glucose (proposed technique) [4.93(%) 15.05(mg/dL)]

Fingersticks

YSI (plasma equivalent)

Initialization phase 

Pre-wear phase 

* Prospective calibration to finger stick measurement performed 2x per day throughout the life of the implant 

Purpose 

• Evaluate in vivo stability 

• Evaluate sensor improvement 

• Evaluate sensor longevity 

Insertion Period 

  30 days  (15 sensors) 

  90 days (5 sensors) 

  > 90 days (4 sensors) 

Sensors 24 sensors * Clinic Visits 
In-clinic visits of 8+ hours each 

every 5~14 days 

Population 

• Age 22 – 65 years, male and female 

• Type 1 Diabetic or Type II insulin 

dependent  

• HbA1c < 10%; BMI < 35 kg / m2 

Insertion site Upper arm  

Reference 

 Standard 

Blood glucose measured with YSI 

analyzer 

METHODOLOGIES: 
 

• Combining the estimates of the calibration parameters from previous calibration points 
with that obtained from the latest calibration point through Bayesian inference.  
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Update the a priori estimate 
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Current calibration time(tn) 
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A=3926 (81%)

B=824 (17%)

C=4 (0.083%)

D=65 (1.3%)

E=0 (0%)

Clarke Error-Grid Plot
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Clarke Error-Grid Plot

A=3920 (82%)

B=784 (16%)

C=2 (0.042%)

D=61 (1.3%)

E=0 (0%)

Using prior technique 

MARD = 12.6 %  MAD = 18.0 mg/dL  

Using proposed technique 

MARD = 11.7 %  MAD = 17.0 mg/dL  

CONCLUSION:  
 

Based on 4,819 plasma-sensor glucose paired points obtained from 24 sensors 

implanted for up to 145 days, where calibration was performed against SMBG 

measurements, the proposed Bayesian inference reduced the Mean absolute 

relative deviation (MARD) from 12.6% to 11.7% and the Mean absolute deviation 

(MAD) from 18.0 mg/dL to 17.0 mg/dL, without significant differences in their Clarke 

error grid distribution.  

Historical calibration time points 

• Bayesian calibration weighting is then augmented with an exponential weighting of the 

calibration point history 
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