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Who? At MIT, we currently have Prof. John Wyatt, Dr. William Ellersick, William Drohan, M.S., and Oscar Mendoza. 

At Massachusetts Eye and Ear Infirmary, we currently have Joseph Rizzo, M.D. and Jinghua Chen. M. D. At the 

Veterans’ Administration we currently have Dr. Ralph Jensen and Dr. Shelly Fried. At the Cornell Nanofabrication 

Facility we currently have Dr. Douglas Shire and Dr. Marcus Gingerich, and at Carnegie Mellon in Pittsburg  we 

currently have Dr. Shawn Kelly.    

Why? The Retinal Implant Project is a joint effort of MIT, the Massachusetts Eye and Ear Infirmary, the VA Boston 

Healthcare System, and the NanoScale Science & Technology Facility at Cornell University to develop a retinal 

prosthesis to restore some vision to the blind. Diseases targeted include retinitis pigmentosa and age-related macular 

degeneration, both of which cause loss of the photoreceptors (rods and cones) of the outer retina, but spare the inner 

retinal ganglion nerve cells which form the optic nerve.  As presently envisioned, a patient would wear a camera mounted 

on a pair of glasses, which transmits image data to an implant attached to the eye. The implant will electrically stimulate 

the appropriate ganglion cells via an array of microelectrodes. The concept is broadly analogous to a cochlear implant, 

but for vision rather than hearing. 

What? Our first system was designed by Luke Theogarajan, and we completed our first generation of in vivo 

experiments in 2009. We were pleasantly surprised by the long life of the implant while submerged in the fluids of the 

eye, since there is no hermetic case. The longest implantation experiment lasted 10 months. The dissected retina looks 

quite normal. The first generation device is not, however, suitable for chronic human implantation for a number of 

reasons: (i) the chip is not hermetically encapsulated, (ii) there is no reverse telemetry path to monitor chip behavior and 

electrode impedance, (iii) the signal transmission is not robust enough for chronic human trials, and (iv) the number of 

electrodes is too small. These problems have been addressed in a sequence of intermediate devices, denoted in 

chronological sequence as Generations 2, 3 and 4, which lay the groundwork for the chronically implantable human 

implant, the Generation 5 device.  

 

The implantation of the second generation device showed certain problems that we  solved with the third generation 

device, which was encased in a platinum package with a newly redesigned microchip that permitted reverse 

communication as well. The fourth generation device uses the same 16-electrode microchip as the third generation one, 

but is placed in a package that permits, in principle, over 256 output connections. This device is almost complete. The 

fifth generation device will use the same package as the fourth, but will have a newly designed 256+ channel microchip. 

It should be suitable for chronic human implantation. This represents over an order of magnitude expansion over the current 

number of electrodes available in a hermetically–sealed implant.  
 

 

 

How? This work began with short-term implantation in six blind human patients, to verify the concept. Subsequently we 

have developed 4 progressively improved forms of retinal implant that can provide some vision to patients with outer 

retinal disease. The development of each device involves a great deal of microfabrication and circuit design work, 

followed by extensive surgical testing in animals. 

 

 

Figure 1(a) Detailed mockup of the first-generation implant. All parts are mounted on a 25-um thick flexible substrate, which has conducting wires 

embedded within. The thin neck is placed beneath the superior rectus muscle during implantation.  The implant  is sutured to the sclera through the 

seven semicircular tie points. (1b) Generation 2 implant: All electronic  parts are hermetically sealed in a titanium case with 19 feedthrough pins 

connected to an external flex circuit.  The power and data coils are sutured to the eye around the iris (under the conjunctiva). (1c)  Artist’s conception of 

the 3rd generation implant system. The image obtained by an external camera is translated into an electromagnetic  signal transmitted wirelessly from 

the external primary data coil mounted on a pair of glasses to the implanted secondary data coil attached to the outside wall (sclera) of the eye 

surrounding the iris.  Power is transmitted similarly.  Most of the volume of the implant lies outside the eye, with only the electrode array penetrating the 

sclera. 1(e) The electrode array is placed beneath the retina through a scleral flap in the sterile region of the eye behind the conjunctiva. 1(f) Details of 

a co-fired ceramic disc for the 4th and 5th generation devices. 
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