OCT Penlight

Design Brief

Sara Hanrahan, Brock Nichol, Gina Rodriguez, Areej Sajjad

Problem and Solution

Glaucoma causes vision impairment in 66.8 million people worldwide, 6.7 million of which suffer from complete blindness [1]. There are several methods to treat this disease including eye drops, medication, and, as a last resort, surgery. Canaloplasty is a promising surgery that is not meeting its full potential because of its technically challenging nature. During the surgery, the surgeon must complete the difficult task of locating the Schlemm’s canal, a small structure in the eye that the procedure targets.

Clinicians currently use optical coherence tomography (OCT) to take high-resolution images of the eye. There is also another imaging technology called real time tomographic reflection (RTTR) that is used in conjunction with ultrasound to help guide clinicians during certain procedures. RTTR permits an image acquired by ultrasound to be displayed on a small flat-panel monitor and be reflected by a half-silvered mirror to create a virtual image inside the patient. The OCT Penlight combines OCT with RTTR to help guide clinicians in locating the Schlemm’s canal during canaloplasty procedures.

The OCT Penlight requires three components: a bracket, software/hardware, and a calibration mechanism. The bracket is responsible for placing the virtual image in the plane of the OCT scanning beam by attaching the Penlight to an OCT handheld device and carrying out the principles of RTTR described previously. The software and hardware will acquire an image from the OCT device and display it on the flat-panel monitor. The software must also be capable of manipulating the virtual image in order to complete the calibration process. This procedure is facilitated with a calibration mechanism that will be designed to provide the user with a simple way to position the virtual image accurately within the plane of the OCT scanning beam. 

Constraints


The FDA would qualify the OCT Penlight as a Class II device due to its use during a surgery of moderate risk. Class II devices require that general and specific controls are followed. Premarket notification (510(k)) and good manufacturing practices are required. Furthermore, a guidance document on ophthalmoscopes must also be followed. The largest hazard associated with the OCT Penlight is if the position of this virtual image is not correctly aligned with the anatomy of the eye being scanned, the surgeon will miss the targeted area that needs to be operated on. With such a small anatomical structure, a minute misalignment could have giant repercussions. Therefore, a precise calibration process is necessary to minimize this risk.  Not only does it guarantee that the device is working correctly since it is mandatory to complete before each use, but it also makes certain that the virtual image is reflected into the correct location. 


The device must comply with various other conditions. First, it must interface with the OCT computer to obtain an image.  The actual device must be stable and fixed. In addition, it should also allow surgeons a large working area and should have a minimum set up time.


Lastly, the final deliverable should be completed by April. To make certain this deadline is met, the design of the components will be completed in January. The prototypes will be fabricated in February and the calibration finished in March.  Finally, the verification and validation process will be completed in April.

Criteria to Gauge Success

The final design will be considered successful if it helps surgeons in a precise and reliable manner.  More specifically, the device should be able to accurately place an image with a 150 µm tolerance demonstrated through the calibration process.  It should also be able to guide a user in penetrating the Schlemm’s canal in a goat eye with a 30 gauge needle.
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