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Introduction: Loss of vascularization around implanted 
sensors contributes to sensor failure.   We have developed 
a percutaneous window chamber model for the rodent 
dorsum to allow real-time, intravital microscopy of 
microvascular development around sensors.  Using this 
technique, we can correlate sensor function with 
microvascular remodeling at the sensor-tissue interface.  
A mathematical model was developed to simulate glucose 
transport around implanted sensors.  The distribution of 
microvessels around the sensor, measured using our 
window chamber model, provides the basis for this mass 
transport model.  
 
Methods: A glucose sensor was implanted into the 
subcutis beneath an acrylic window (15mm diameter) . 
Changes in the microvascular network and red blood cell 
perfusion around the sensors were quantified using non-
invasive intravital microscopy and laser Doppler 
flowmetry.  The tissue beneath the acrylic window and 
within 1mm of the sensor surface was examined over two 
weeks.  Non-functional sensors (Medtronic MiniMed, 
Northridge, CA) with and without porous poly-L-lactic 
acid coatings (~30um pore diameter, 90% porosity, 50µm 
thick) were implanted beneath the windows and real-time 
changes at the sensor-tissue interface (n=19) were 
measured. 
 
Results: Directed vessel growth towards the porous 
coating was observed, while randomly oriented vessels 
formed around the smooth sensor (Figure 1). We found a 
significant (~ 2-3 fold) increase in microvessel density 
around the fully implanted porous coated sensors by day 
10, compared with smooth (non-coated) sensors. 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

Figure 1: Intravital microscopy images of microvascular 
development around: (a) smooth (unmodified) sensor; (b) 
porous coated sensor; (c) control window with no sensor. 
 

 

The tissue response to an implanted sensor was 
variable.  Some sensors migrated entirely out of the field 
of view and could not be adequately observed.   
Differences in tissue response between fully implanted 
and percutaneously implanted sensors remain perplexing, 
suggesting that other factors, such as micromotion, may 
play significant roles in determining the tissue response.  

Using the microvessel density (cm2/cm3) 
obtained from intravital microscopy, the distribution of 
interstitial glucose around the sensor was calculated using 
a 1-D model.  A family of curves were generated for 
several measured microvessel densities around smooth 
and porous coated sensors, as well as the control window 
(no sensor). 

While the 1-D model simulations are only initial 
approximations, it is estimated that the avascular tissue 
around the smooth sensor considerably retards sensor 
glucose response.  However, only a modest microvessel 
density is needed to substantially improve sensor response 
to interstitial glucose concentrations.  
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Figure 2: Simulated time-dependent blood glucose 
concentration [mg/dL] following a glucose bolus 
injection.  Time-dependent blood plasma (yellow dashed 
line) and interstitial glucose concentrations at the sensor 
surface were calculated for subcutaneous tissue (orange 
dashed), and for experimentally-derived vessel densities 
surrounding smooth surfaced (blue solid), porous coated 
(green solid) and for a control window chamber without a 
sensor (pink solid).   

 
Conclusions: The percutaneous window chamber 
provides an excellent technique for assessing the 
influence of different sensor modifications, such as 
surface morphology, on neovascularization using direct 
real-time monitoring of the microvascular network and 
tissue perfusion.  The numerical analyses obtained from 
the model will help identify key factors in improving 
glucose sensing in the subcutaneous tissue. 
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