
are encountered.  The components include (1) electrolysis microactuator (bellows and electrodes), (2) receiving coil 

and electronic circuitry, (3) a molded, rigid housing, (4) a refill port, and (5) check valve.  A description of these 

components and associated requirements follows below. 

 

Biocompatibility requirement: The micropump must be constructed of biocompatible materials to limit 

undesirable immunological responses.  All pump materials are medical grade including platinum (electrodes), glass 

(electrode substrate), silicone (encapsulant and septum), Parylene C (bellows and encapsulant) and medical-grade 

plastic (housing) to ensure that the implant is well tolerated by the body.  Also, the drug-contacting internal surfaces 

of the pump must not alter or otherwise interact with the stored drug.  A chemically inert USP class VI Parylene C 

coating will be applied as a uniform film to the reservoir interior.  Parylene C is known for its high resistance to 

permeation and adsorption as well as it chemical inertness to nearly all chemical species77.  

 

Backflow and outlet clogging prevention: To prevent backflow of biological fluids or drug into the pump, a 

micromolded silicone-based check-valve will be integrated in-line with the output of the pump (XXXX, Inc. 

Cleveland, OH).  This commercial valve has been tested to perform within the targeted range. Micropumps used to 

deliver into the intravenous, intraventricular, intraocular, and intrathecal spaces typically do not experience clogging 

of the outlet.  Micropumps used to deliver into the subcutaneous, intraperoneal, intracranial, intramuscular, and 

intratumoral space may occasionally be at risk to clogging.  Proper selection of the catheter and pretreatment of the 

inner lumen have been demonstrated to address these concerns (XXX Inc.).   

 

Objective 2A: Wireless power and controller hardware  

Integration with vivarium equipment requirement: 

Remote control of the pump requires external hardware that 

provides power and control functions (Fig. 4).  Vivaria utilize 

standardized plastic cages to house mice and rats.  These 

cages are cleared and cleaned on a regular basis so minimal 

modification to the animal cage is desired to avoid 

interruption of routine cleaning protocols.  Thus, hardware 

will be contained in a base station located underneath the 

cage.  The base station provides integrated wireless 

transmission capability for powering and communication 

with the implant above.  No attachments or modifications to the cage are required thereby facilitating integration of 

with standard vivarium equipment and protocols.   

 

Wireless power transmission requirement: To 

minimize the size and weight of the implant (no 

batteries), the low power electrochemical pump 

mechanism can be activated wirelessly via inductive 

coupling.  Power is transferred between a 

transmitting primary coil outside the animal cage to a 

receiving secondary coil contained inside the pump 

housing as depicted in Fig. 5.  The system must 

ensure power transfer regardless of animal posture.  The maximum power required by the pump to operate at a 

maximum pumping rate is XX mW.  A summary of the wireless power transfer requirements is provided Table 2. 

 
Table 2: Wireless power transfer requirements 

Operating Frequency 2 MHz 

Maximum continuous power transfer  XX mW 

Operating distance X−X cm 

Load X−X  

Coupling efficiency 0.5−1% 

 

Power absorption in tissue is minimal below 10 MHz78, a range in which tissue is essentially transparent to 

electromagnetic fields.  Consistent with standards set by the International Commission on Non-Ionising Radiation 

 
Figure 4: FluidSync drug delivery system with 

implanted micropump and  base station. 

 
Figure 5: Block diagram of inductive power transfer system. 


