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 Function: 
 The goal of this project is to create and validate an optical frequency domain imaging (OFDI) 
 probe for imaging in the airway of small animals. The cells lining the airway play an important 
 role in common airway diseases and new therapeutics are being developed for treatment. A 
 limitation in the work to develop these therapeutics is the difficulty of measuring changes over 
 the course of an experiment. Some imaging techniques, including OFDI, are able to monitor 
 changes in the airway; however, they are too large for small animal testing. Due to this problem, 
 the aim of this project is to create an effective miniaturized OFDI probe for the use in animal 
 testing. 

 Client requirements: 

 ●  The imaging device must be able to visualize the airway mucosa of mice in vivo. 
 ●  The device must be able to be maneuvered through a mouse airway for imaging. 
 ●  The project's budget is up to $10,000 depending on availability of already purchased 

 resources 

 Design requirements  : 

 1. Physical and Operational Characteristics 

 a. Performance Requirements: The imaging device must be able to image the 
 airway mucosa of a murine test subject. The device should be able to measure up 
 to 1 mm in depth of the airway mucosa and should have a resolution of 5 - 20 μm, 
 which is comparable to existing OCT systems [1]. The device should not harm the 
 mouse when sedated to allow for testing throughout a drug testing protocol. 

 b. Safety: The device must come with clear and concise instructions for device 
 usage and must only be used by a trained operator with animal subjects training 
 [2]. The device material must not cause biological harm to the mouse or the 
 user and no sharp edges should be exposed as part of the device that could 
 cause internal injury to the mouse subject during imaging. 

 c. Accuracy and Reliability: The device must have a Signal to Noise Ratio 
 (SNR) of 80 or more, which is a baseline for imaging biological targets [3]. The 
 imaging device must also demonstrate significant correlation (p < 0.01) 
 between calculated airway wall layer areas using histology, ex-vivo, and 
 in-vivo approaches [4]. 



 d. Life in Service: The imaging probe should be reusable on different 
 subjects, operating at least 10 minutes per use, averaging 2 minutes per 
 data set with OFDI technology, [5] or 4 minutes with OCT technology [6]. 
 The material of the probe will be sterilized by autoclaving. 

 e. Shelf Life:  The shelf life will be dependent on quality of materials, e.g. 
 fiber optic cable, biocompatible finish. 

 f. Operating Environment:  The imaging probe must withstand temperatures 
 between 20°C (68 °F) and 135°C (275 °F) for storage and sterilization conditions. 
 The probe must also avoid corrosion from in-vivo testing and sterilization 
 chemicals. 

 g. Ergonomics:  The imaging probe must be made out of a material that can 
 be used safely inside an organism with no reaction and can be sterilized. It 
 must be able to maneuver the cartilage rings in the upper part of the trachea 
 and measure within the airway mucosa  [7]  . 

 h. Size: The probe must be able to fit inside the airway of a mouse. Its 
 diameter must be less than 1.5mm, the diameter of a mouse trachea  [8]  . 

 i. Weight:  The probe must be light enough to be hand maneuvered by the same 
 hand and weigh no more than 5.1 pounds  [9]  . 

 j. Materials: Potential materials that may be included are fiber-optic cables, 
 polycarbonate plastic, and a camera and lens. The materials will all be 
 biocompatible and autoclavable if the design is made to be reusable. 

 k. Aesthetics, Appearance, and Finish: The finish must be smooth to limit 
 physical interference of the sample. The finish must be biocompatible. The 
 appearance and aethstetic of the device does not contribute meaningfully to its 
 efficacy . 

 2. Production Characteristics: 

 a. Quantity: We will manufacture one final design and test it in the small airway 
 mucosa of a small mouse. 

 b  .  Target Product Cost: The manufacturing cost may  be more 
 expensive due to the specialized style of optical imaging necessary. 
 The total cost should be approximately $5,000-$10,000. Although 



 this cost is high, the total cost can be made lower based on materials 
 already readily available to our team. 

 3. Miscellaneous 
 a. Standards and Specifications: Must avoid or minimize discomfort, distress 
 or pain consistent with sound scientific practices [10]. Animals that are 
 subject to prolonged discomfort or distress must be given proper sedation 
 [10]. Animals must be humanely and safely handled, treated and transported 
 [11]. 

 b. Customer:  The customer is asking for a device which can image the 
 mucosa in lab mice to record the effects of trial drugs. Mice are sedated prior 
 to imaging. Perturbation of the mucosa and other tissue by the probe would 
 negatively impact the accuracy of the data taken. The customer would like a 
 feature of the probe to indicate the depth of the probe in the mouse. 

 c. Subject-related concerns: The materials and maneuverability of the probe must 
 ensure the mouse is unharmed and procedures follow lab animal safety protocol 
 while using the product. 

 d. Competition:  Hariri et. al. published a study  in 2012 recording the use 
 of OFDI on human lung imaging. The study described two methods, one of 
 bronchoscopy airway-centered imaging and one of parenchymal imaging. 
 A custom-built bronchoscope was used with a diameter of 0.8 - 1.7 mm. 
 The OFDI methods were only performed on human lungs [12]. 

 Templin et. al. published a study in 2010 that successfully used OFDI for 
 stent healing evaluation in vevo on pigs. The study described using a 
 Terumo-OFDI catheter on a 0.014-inch guidewire. The study successfully 
 used OFDI on the animals 1, 3, 10, 14, and 28 days after the stents were 
 implanted [13]. 

 Vakoc et. al. published a study in 2006 where OFDI was successfully 
 performed on the distal esophagus of two swine using a 4.5 cm long 
 inflatable balloon. The study successfully acquired cross sectional imaging 
 of the mucosal vascular network within two living swine [14]. 

 No patents were found for a product that could successfully use OFDI in 
 the airways of any animals smaller than pigs. 
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