
A fluorescence-based implantable glucose sensor that will provide continuous glucose monitoring for six months or longer has been developed.  
The sensor communicates readings wirelessly to an external body-worn Transmitter for processing. An algorithm that converts the sensor 
fluorescence signal into a sensor glucose concentration was described in our earlier work [1]. The measured results of applying a real-time lag 
compensation algorithm as a part of the sensor glucose calculation are presented. This algorithm is based on [2] and applied prospectively. It 
enables compensation of lag between sensor and blood glucose. The accuracy improvements provided by lag compensation are also presented.  
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MATHEMATICAL MODEL 

Conclusion: A total of 6,640 sensor data points were paired with an IV 
blood glucose measurement, made using a YSI blood glucose analyzer. 
Sensor calibration was performed using finger stick blood glucose 
measurements. The combined MARD without lag compensation is 
13.2% and is 11.5% with lag compensation. The associated Clarke Error 
Grid contains  6568 data points (98.92%) in zones A (82.02%) and B 
(16.90%) when lag is compensated.   
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With lag compensation 
MARD = 11.5 %  MAD = 17.0 mg/dL  
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Purpose • Evaluate in vivo stability 
• Evaluate sensor improvement 
• Evaluate sensor longevity 

Insertion Period 30 days  (15 sensors) 
90 days (7 sensors) 
> 90 days (6 sensors) 

Sensors 28 sensors  Clinic Visits • In-clinic visits every 5~14 days 

Population • Age 22 – 65 years, male and 
female 

• Type 1 Diabetic or Type II insulin 
dep.  

• HbA1c < 10%; BMI < 35 kg / m2 

Insertion site Upper arm (24 sensors) 
Abdomen (4 sensors) 

Reference 
Standard 

Blood glucose measured with YSI 
analyzer 

Reference: 
1. Wang, X., Mdingi, C., DeHennis, A., Colvin, A., Algorithm for an Implantable Fluorescence Based Glucose 
Sensor, EMBC 2012, San Diego, CA 
2. Rebrin K, Steil GM, Van Antwerp WP, Mastrototaro JJ: Subcutaneous glucose predicts plasma glucose 
independent of insulin: Implications for continuous monitoring. Am J Physiol 1999;277:E561–E571. 
3. Colvin, A., Jiang, H. Increased in vivo stability and functional lifetime of an implantable glucose sensor 
through platinum catalysis. J. Biomed. Mater. Res. Part A. DOI: 10.1002/jbm.a.34424. 

Contact: 
Xiaolin Wang, Ph.D. Principal Systems Engineer; 
Xiaolin.Wang@senseonics.com 

Glucose concentration 

I0: Intensity at 0mM glucose 
I: Intensity as a function of glucose 

Rate of Change of 

Blood Glucose 

(mg/dL/min) 

Without lag compensation With lag compensation 

MARD (%)  MAD (mg/dL)  MARD (%)  MAD (mg/dL)  

0-0.25 9.8 11.3 9.7 11.8 

0.5-1 12.4 16.6 10.7 15.4 

1-1.5 13.4 15.8 12.0 15.0 

1.5-2 17.2 17.5 14.0 15.3 

 2-3 20.4 21.4 13.7 14.2 

Without lag compensation 
MARD = 13.2 %  MAD = 19.2 mg/dL  
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Clarke Error-Grid Plot

A=5446 (82%)

B=1122 (17%)

C=4 (0.06%)

D=68 (1%)

E=0 (0%)
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In vitro experiments 

CLINICAL PERFORMANCE  

The sensor glucose accuracy improvement was quantified for different rates of 
change and is shown in the table below. Calibration was performed when the rate 
of change in blood glucose was within specified ranges, as shown. Lag 
compensation resulted in a significant improvement in accuracy, especially during 
periods of rapid change in glucose, which is when lag tends to be greatest.    
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Sensor glucose - with lag compensation
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Sensor glucose - with lag compensation
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MARD = 8.9%   
MARD = 10.8% 

MARD = 5.6%   
MARD = 12.4% 

MARD = 6.4%   
MARD = 11.8% 

Glucose correlation plots for with and without lag compensation 

Buffer change 

is derived from designed  
in vitro experiments 

are derived from 
 in vivo data 
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Spectral Changes of Indicator with Glucose 
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Excitation source: normalized to the peak intensity 
Emission of the indicator: normalized to the peak emission intensity at 18mM 
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In vivo Data 


