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1. Abstract
Transcervical surgical approaches to the upper aerodigestive track result in disruption of the laryngotracheal framework with resultant sensory and motor deficits.  Efforts to reduce the morbidity of external approaches have led to advances in endoscopic surgery that access the airway through the mouth.  Technologic advances in binocular microscopy, rigid telescopes, microlaryngeal instrumentation, and lasers have led to dramatic improvements in the management of benign and malignant conditions of the airway.  Nonetheless, this surgery continues to have disadvantages; namely, reduced depth perception, relatively small exposure, and the operator’s distance from the surgical field.  These limitations restrict the surgeon’s ability to manipulate instruments from outside the oral cavity resulting in poor sensory feedback and magnification of the operator’s tremor.   In addition, the lack of distal dexterity risks injury to surrounding healthy tissue.  Line of site limitations inherent in microscopic or telescopic visualization limit the ability to view around corners rendering certain areas challenging to visualize fully.

Robotic surgery offers potential advantages with steerable modular instrumentation and three-dimensional viewing that are lacking in traditional airway surgery.  A collaborate effort between the Otolaryngology and Engineering Departments of Johns Hopkins University led to the development of a simple robotically controlled endoscope system (Robo-ELF) to drive commercially available endoscopes that may overcome some of the challenges faced today with transoral endoscopic surgery.  This has been tested on cadavers and we seek to evaluate this technology in a live human population.
2. Objectives 
Primary:  

1)  
To demonstrate comparable if not superior field of vision with the Robo-ELF scope over standard rigid telescopes.

Secondary: 
1) To achieve full visualization of normally challenging anatomical areas to allow precise biopsy sampling.

2) To drive the Robo-ELF to a desired position and leave it in a fixed position in order to demonstrate the ability to perform two-handed endoscopic procedures. 

3. Background (briefly describe pre-clinical and clinical data, current experience with procedures, drug or device, and any other relevant information to justify the research)
Current means of evaluating the upper aerodigestive tract depend on both open and endoscopic techniques. Open transcervical approaches to the upper aerodigestive tract result in disruption of the laryngotracheal framework with resultant sensory and motor deficits.  Efforts to reduce the morbidity of external approaches have led to advances in endoscopic surgery that access the airway through the mouth.  Technologic advances in binocular microscopy, rigid telescopes, microlaryngeal instrumentation, and lasers have led to dramatic improvements in the management of benign and malignant conditions of the airway.  Nonetheless, each of these techniques has inherent limitations.  Binocular microscopy allows for bimanual manipulation but is restricted in that the optics are outside the patient and only structures along the line of site can be visualized.  The more distal the structure, the poorer the visualization.  Rigid telescopes allow for endoluminal optics with superb magnification but are limited in the need for one hand to drive the scope (precluding bimanual surgery) and further line of site limitations with zero, 30, and 70 degree scopes making frequent scope changes necessary and cumbersome.  Flexible scopes require two hands to manipulate but are ideal at providing a high-definition, magnified image with a flexible tip with multiple degrees of freedom providing a wide and guidable field of vision.  Their use however has been limited in the operating room since two handed control is the rule making a secondary assist necessary to perform diagnostic and therapeutic procedures.

 A collaborate effort between the Otolaryngology and Engineering Departments of Johns Hopkins University led to the development of a simple robotically controlled endoscope system (Robo-ELF) that may overcome some of the limitations mentioned above.  The robot attaches to commercially available FDA approved endoscopes that are already frequently used in clinical practice.  The robot allows for joystick manipulation of the flexible endoscope in the upper aerodigestive tract permitting a wider field of vision than that afforded by standard microscopy and telescopic endoscopes.  There are no line of site limitations and both single and bimanual endoluminal instrument manipulation is possible using the Robo-ELF.  The robot was built to satisfy all clinical engineering requirements of Johns Hopkins Hospital.  The Robo-ELF has been successfully tested on cadavers (manuscript in submission) and we seek to evaluate this technology in a live human population.
4. Study Procedures
Patients undergoing routine evaluation under anesthesia for lesions of the upper aerodigestive tract are eligible to participate in this study.  This would include patients scheduled for diagnostic pharyngoscopies, laryngoscopies, esophagoscopies, and bronchoscopies.  Participants in this study would undergo their routine procedure with the additional evaluation by the Robo-ELF.  

Task 1:  To demonstrate comparable if not superior field of vision with the Robo-ELF over traditional direct and indirect vision.  After the Robo-ELF is positioned the entire field of vision will be navigated with the 3-D joystick.  Still images will be obtained at the limits of the field of vision and compared to that of 0, 30, and 70 degree rigid endoscopes.  
Task 2:  To achieve full visualization of normally challenging anatomical areas.  With one hand controlling the joystick and the other manipulating a biopsy forceps, the subglottis, anterior commissure and ventricle (areas challenging to visualize with traditional scopes) will be visualized and palpated.  Views will be graded according to a Likert scale assessing the extent of the view obtained (i.e.  Full view of entire anatomic area, partially obstructed view (<25 obstructed), moderately obstructed view (25-50% obstruction), significantly obstructed view (>50% obstruction), view not obtained of anatomic area.)   Biopsies may be obtained with standard instrumentation as dictated by the patient’s condition.  No biopsies will be performed through the working port of the robo-ELF or with the robot itselfTask 3:  To demonstrate the ability to perform two-handed endolaryngeal procedures with the Robo-ELF in a fixed position. The Robo-ELF will be driven to an optimal position above the vocal cords and left in position such that two-handed microlaryngeal surgery could be performed.  No actual tissue manipulation will be performed.
Photo and video documentation of the above tasks will be recorded and reviewed by a blinded laryngologist to compare the effectiveness of the Robo-ELF to the traditional rigid scopes.


As this is a feasibility study of a novel robotic scope driver using commercially available endoscopes, we believe a convenience sample of 20 subjects would be sufficient to evaluate this technology. 
5. Inclusion/Exclusion Criteria
Study group:  30 patients undergoing diagnostic evaluation under anesthesia (EUA) of the upper aerodigestive tract will be consented to meet the accrual goal of 20 patients.  Each patient will serve as his/her own control as they will undergo both traditional and robo-ELF endoscopic evaluation.

Inclusion Criteria:

Patients undergoing a diagnostic evaluation under anesthesia of the upper aerodigestive tract 

Age >= 18

Exclusion Criteria:

Inability to read or write English

Any patient on contact restrictions (i.e. MRSA, VRE, TB).
6. Drugs/ Substances/ Devices
A robotic endoscope driver was designed to have the potential to connect to a variety of commercially available endoscopes.  In order to give the surgeon adequate control of an otherwise unmodified clinical endoscope it was determined that at least three active degrees of freedom were needed.  These include manipulation of the scope’s tip, rotation of the scope about its axis, and linear translation of the scope in and out of the patient.  To increase the versatility of the system, two passive lockable degrees of freedom were also included to assist with positioning the scope in relation to the patient (Figures 1 and 2).  The active degrees of freedom are powered by brushed coreless 12V DC motors with planetary gearheads and integrated magnetic encoders (Micromo Micro Motion Solutions, Clearwater, FL).  Each active degree of freedom also has a potentiometer directly on the joint.  This redundant sensing allows for greater safety and better control of the robot.  The active joints all have limit switches to prevent them from exceeding the desired range.  The scope holder portion of the robot is highly adjustable, and has a custom molded urethane rubber scope gripper, which can be easily changed to fit other commercially available scope models.  To improve control of the scope while operating, we added a stiffening attachment to give the otherwise flexible scope shaft more “memory” so that it could maintain its own position and be easier to control.  The entire robot is built to satisfy Johns Hopkins Hospital clinical engineering specifications, including waterproof seals, operating room safe materials, proper electrical grounding with fusing, and an isolated power supply with no voltages greater than 12V.  The robot uses a simple proportional-integral-derivative (PID) velocity controller implemented using a Galil model DMC 40x3 motor controller (Galil Motion Control Inc., Rocklin, CA).  The motor controller interfaces with a laptop via Ethernet, allowing joystick-like control using a SpaceNavigator 3D mouse (3DConnexion, Rochester, MI) [Figure 3].  This configuration allows for rapid setup and adjustment.  The software is based on the open source CISST libraries developed by the Computer Integrated Surgery at the Engineering Research Center at JHU.  A video demonstration of the Robo-ELF is available on-line:  http://www.youtube.com/watch?v=66KSw0pt5IY
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Figure 2
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Figure 3
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7. Risks

Use of the Robo-ELF introduces no more risk than that of traditional upper aerodigestive tract endoscopy.   The flexible scopes that can be used with the Robo-ELF are FDA approved for endoscopy and are frequently approved for this application at JHH.  Only the scope itself enters the patient’s airway.  The Robo-ELF does not contact or enter the patient.  The Robo-ELF was built to satisfy Johns Hopkins Hospital clinical engineering guidelines and meets all the necessary safety  requirements.  

The main risk of this study is the additional time under general anesthesia.  Based on our cadaver study it is estimated that evaluation of the Robo-ELF will require 15 additional minutes of anesthesia time.  This is estimated to increase the entire length of the procedure by approximately 25%.

8. Benefits

Participants most likely will not directly benefit from this study.  It is possible that a few participants may have lesions that are unable to be visualized and biopsied with traditional endoscopic techniques and therefore derive benefit from being evaluated with the Robo-ELF.  Patients will benefit from knowing that their participation in this study will allow other patients to benefit from this new technology in the future.

9. Payment and Remuneration

a. none
10. Costs

a. There are no costs associated with this study.
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