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Background: 

•	� The glucose oxidase reaction is well-established for glucose sensing, however, implementing 
this in an implantable continuous glucose monitor (CGM) is challenging due to deactivation  
of the enzyme over time and sensor drift 

•	� A severe bottleneck in developing long-term CGMs is that it can take months, or years,  
to test sensor performance and longevity. In addition, electrochemical testing provides limited  
information about the complex processes that occur, making it challenging to compare  
multiple designs

•	� In 1994, Rhodes et al. developed a strategy for modelling the glucose oxidase reaction over 
many years by incorporating material transport properties and enzyme decay rates to predict  
sensor lifetimes.1 Rhodes predicted a feasible sensor lifetime of ~1.5 years 

•	� In this study, we extend this method to accelerate the development of Glucotrack’s implantable  
continuous blood glucose monitor (CBGM) 

The Challenge: 

Glucotrack’s sensor uses a working 
electrode coated with a glucose  
oxidase enzyme layer and a glucose 
limiting membrane (GLM).

Sensor performance and lifetime  
are a combination of numerous  
interacting processes: 

•	 Analyte and co-factor diffusion

•	 Reaction rates

•	� Multiple enzyme states and  
deactivation rates

Changes to any one of these  
processes can have complex, and 
sometimes surprising, implications 
for the sensor response. 

Results & Conclusions: 

The preferred sensor design provides:

•	� Lifetime of >3 years

•	� Response time: <180 seconds  

•	� Stability: <1% change in simulated response for >1 year

•	� Linearity: close to linear response, managed by 2-point calibration 

•	� Manufacturability: <1% lifetime change in response to 20% layer thickness variation
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Objectives: 

Key design objectives for the CBGM are summarized below:

Essential requirements

•	 Lifetime: for implantation 2+ years 

•	� Response time: to enable automated  
insulin delivery (AID) automatic  
meal bolusing

Preferable features

•	� Stability: to minimize calibration over the 
implanted lifetime

•	� Linearity: to increase accuracy and  
simplify calibration

•	� Manufacturability: tolerant of expected  
variations in layer thickness

Experimental Methods: 

•	� Sensors were built by dip coating electrodes to deposit each membrane

•	� Layer thickness was determined by taking cross-sectional slices of the samples and  
using white-light microscopy

•	� The sensor current was measured in response to various concentrations of glucose,  
O2, or H2O2 in stirred beakers

•	� Response times and steady-state currents for multiple samples were extracted  
and compared to simulated results

•	� The model provides valuable insights into implantable CBGM sensor longevity. In silico  
modeling, coupled with sensor properties derived from in vitro testing, is an important  
tool for designing successful long-term glucose sensors

•	� Reaction dynamics and critical analyte concentrations for sensors with different layer  
thicknesses are understood. In particular, modeling results suggested significant design  
improvements to improve sensitivity, stability, and linearity 

Sensor response and linearity are affected by the balance of glucose and O2 within the sensor, and the fraction of H2O2 that is detected at the electrode surface.

Sensor response time is affected by the rate of diffusion of each analyte through various materials.

Sensor longevity is affected by the concentration of enzyme in various states (ie, resting state, reduced state, or peroxide-complexed) and the respective  
decay rate for each state.
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Glucose and oxygen diffuse through the solution 
layer and GLM to reach the enzyme.

Each arrow represents a diffusion process that 
is unique to that material and analyte.

Glucose in solution

O2 in solution

Glucose in GLM
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Glucose diffuses within the enzyme layer, until finding available 
glucose oxidase enzyme (GOx).

H2O2 that reaches the working 
electrode is oxidized and 
produces a current.
H2O2 ‣ O2 + 2e- + 2H+

H202 diffuses from the reaction site, either 
toward or away from the electrode. H2O2 that 
diffuses out of the sensor is lost.
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At the reaction site, GOx is reduced by glucose.
GOx(FAD) + glucose ‣ GOx(FADH2) + gluconic acid

If enough O2 is present, the GOx can be oxidized 
to produce H2O2.
GOx(FADH2) + O2 ‣ GOx(FAD) + H2O2

Otherwise, the GOx is trapped in the reduced state.
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1D Radial Model

Working Electrode 2D Flow Model

The model is built from the “bottom up” by measuring each process independently, and then  
combining processes to predict emergent behaviors. 

Analyze fluid flow and transport of glucose, O2, and H2O2 in solution.2-7

Identify enzymatic and electrochemical reactions and rates, including enzyme states  
and decay rates.1,8,9

Determine transport properties for Glucotrack materials from experiment. 

Model  
Development:
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