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1. Abstract

A Novel User Interface for Data Integration during Robotic assisted Surgery
Robotic assisted surgery is increasingly implemented to a variety of surgical procedures. A robotic platform offers the surgeon an array of advantages compared to conventional open and laparoscopic techniques. Stereoscopic 3D vision, 7 degrees of freedom and physiologic tremor attenuation allow the surgeon to be more precise and competent. Real time Ultrasonography is commonly used in modern open, laparoscopic, and robotic surgery. U/S data guide the surgical decision making, in terms of lesion localization and its relative position to other structures. U/S images (along with other imaging data) are displayed and processed on different monitors and not on the surgeon’s console. This obliges the surgeon to look at different displays and ask from U/S technicians and supporting staff to process the U/S data, compromising efficiency, ergonomy and increasing operative time. We propose the development and utilization of a novel Da Vinci interface, that integrates live intraoperative U/S images as well as CT, MRI, X-ray and DICOM data and displays them directly to the surgeon’s console. Immediate access to all necessary data by the surgeon can have a significant impact on ergonomy and efficiency of robotic procedures, thus improving patient outcome and safety.
2. Objectives (include all primary and secondary objectives)
Use the novel graphic user interface software in a clinical environment

Evaluate the software’s impact on the robotic assisted procedures in terms of operative time
Evaluate the software’s impact on improving the surgeon’s capability of performing the procedure in terms of efficiency and ergonomy, based on the feedback they provide.
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)
Robotic assisted surgery is widely utilized in a variety of clinical procedures. Robotic consoles, mainly the commercial available Da Vinci robot offer the surgeon advantages of open surgery like stereoscopic vision and increased freedom of movement in a minimally invasive environment.  In addition other characteristics of the robotic platform such as tremor attenuation enable the surgeon to be more precise.

A novel feature of the robotic platform is the Tile Pro software. Tile Pro allows for simultaneous display of imaging and other data on the surgeon’s (master) console. During the display a split image arrangement is used, with the operative field in the top half and the additional data on the bottom 
half . There is already extensive use of this software for displaying imaging data, like X-ray, ct, MRI and DICOM in real time during the procedure.1 
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Live display of preoperative and intraoperative data enables the surgeon to be more precise and efficient.  In addition it is much more comfortable for the surgeon to have all the required information in the same field of view, something that can possibly reduce operating time. Since the surgeon does not have to look at other monitors  he/she can be much more focused on the operation and patient treatment. 

One limitation of the current system is that it only allows for one kind of data input. The Da Vinci operator has to choose which data type he wants to be displayed among CT, MRI , US or X-ray, which is a limiting factor in modern OR. In addition the surgeon can only have access to a still image or video, without being able to browse through the data, or process them (e.g. save an Ultrasound image)

We propose a novel data integration system based on the Tile Pro software. Our Graphic User Interface (GUI) has the capability of integrating US and other imaging modalities on the same field of view. It will be the first time that a surgeon will have access to the full array of imaging data without having to look away from the operating field. 
The “Hopkins” GUI is mainly focused in intraoperative US integration. The first version enables the surgeon to visualize the live intraoperative image from the US device, measure lesion size and save the desired view. Since both the manipulation of the “drop-in” US probe, as well as, the view will be controlled by the surgeon, this will make the procedure much more time effective and efficient. In addition it will minimize the need for probe manipulation by an assistant. 
In addition our GUI will enable the surgeon to browse through the DICOM database. The operator will be able to choose which section of the CT or MRI he wants to see and navigate through them.
The engineering department of Johns Hopkins University is actively involved in further developing and improving the current interface. Later versions will also allow the operator to measure the operative field, manipulate organ or tissue 3D models, and use a 3D imaging system utilizing virtual fiducials to locate and mark lesions.

4. Study Procedures
a. Study design, including the sequence and timing of study procedures  
(Distinguish research procedures from those that are part of routine care).

The Novel GUI will be used in a variety of robotic assisted procedures. We located surgeons with a broad experience in robotic assisted procedures, each on in his/her field.

Prior to the procedure the Da Vinci Master console will be connected with a laptop in which the interface software is installed. This will enable the surgeon to have a combined image of the US and the preoperative data through our software. 

Access to the DaVinci will be possible through the Application Programming Interface. In agreement with Intuitive Surgical we have access to the image display, as a “read only” module (fig 1). This is particular important since in case of an unforeseeable event with our interface the surgeon’s view of the operative field and the controls will be unaffected.

After the completion of the robotic assisted procedure each surgeon will fill up a questionnaire based on Likert score. Surgeon satisfaction for the software as well as its usability will be evaluated.

Operating time, including research software set up and fine tuning will be recorded.
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Figure 1
b. Study duration and number of study visits required of research participants.
The duration of the study will vary according to the enrollment of the patients and participating surgeons nevertheless a period of no more than one year is predicted.
c. Blinding, including justification for blinding or not blinding the trial, if applicable.

Our study design as feasibility pilot study does not require blinding

d. Justification of why participants will not receive routine care or will have current therapy stopped.

N/A

e. Justification for inclusion of a placebo or non-treatment group.

N/A

f. Definition of treatment failure or participant removal criteria.

In this study, there is no treatment. Therefore, there is no definition of failure of treatment. If the patient decides not be enrolled in the study anymore for any reason or the image acquired for this patient does not achieve high enough quality to be processed or analyzed, the participant’s data will be removed from the study
g. Description of what happens to participants receiving therapy when study ends or if a participant’s participation in the study ends prematurely.

N/A

5. Inclusion/Exclusion Criteria
In our research surgeons will be the study subjects, as we aim to acquire feedback for our interface. Surgeons with a variety of robotic surgical experience will be selected. All the surgeons will have to agree to the study design and sign an informed consent form (attached).
Participating surgeons will have to enroll patients scheduled for a robotic assisted procedure. All the patients will have to agree to the study and sign an informed consent form. The number of patients may vary depending on the participating surgeons. 
Inclusion criteria:

 
Any patient eligible for robotic assisted procedures as their surgical treatment. 
Exclusion criteria:

Patients under 18 years old

Pregnant women.

6. Drugs/ Substances/ Devices
a. The rationale for choosing the drug and dose or for choosing the device to be used.

N/A
b. Justification and safety information if FDA approved drugs will be administered for non-FDA approved indications or if doses or routes of administration or participant populations are changed.

N/A
c. Justification and safety information if non-FDA approved drugs without an IND will be administered. 
N/A

7. Study Statistics
a. Primary outcome variable.
Our primary outcome is the evaluation of our interface in a clinical environment by the surgeon-operator. The surgeon’s feedback and opinion will be processed through specifically designed questionnaires postoperatively. The opinion of the surgeons will be quantified using Likert score.
After data collection is complete the median, standard deviation and average values for each question will be calculated.
b. Secondary outcome variables.
Mean operating time, number of possible system failures and software setup time will be evaluated

c. Statistical plan including sample size justification and interim data analysis.
N/A

d. Early stopping rules.

N/A

8. Risks

a. Medical risks, listing all procedures, their major and minor risks and expected frequency.

This study is of minimal risk to the patient. Every participating surgeon will perform the surgery in the exact same manner as without our software. There is no alteration to surgical technique or procedures.
b. Steps taken to minimize the risks.

Concerning the technical issues, our access to the Da Vinci surgical system will be on a “read only” mode. This means that in case our software fails, the surgeon’s intraoperative field of view and controls will not be affected and he will be able to continue the surgery uninterrupted. In addition the intraoperative and preoperative data will still be available through the usual display monitors in the OR.
c. Plan for reporting unanticipated problems or study deviations.

N/A

d. Legal risks such as the risks that would be associated with breach of confidentiality.

Apart from limited intraoperative images of the surgeon’s field of view, we are not collecting any “sensitive” information from the patients; therefore there is no need for Certificate of Confidentiality.
e. Financial risks to the participants.

N/A

9. Benefits

a. Description of the probable benefits for the participant and for society.

1. Individual participant

Every patient will have the exact same treatment as without our software. Nevertheless our user interface may lead to increased surgeon performance, lesion localization and shorter operating times, offering the patient tangible treatment benefits.
2.  Society

Successful completion of this pilot project will open the way for the realization of a widely available data integrating user interface for the surgical robot. With its advantages proven this novel system will provided added value to the Da Vinci surgical system, by enabling the surgeon to operate with all the data readily available. Therefore our software can lead to better patient outcomes along with improvement surgeon comfort, satisfaction and performance. 
Finally, this novel system can be implemented without imparting modification to the existing user interface platform, making this method attractive for commercial partners and other research institutes
10. Payment and Remuneration

a. Detail compensation for participants including possible total compensation, proposed bonus, and any proposed reductions or penalties for not completing the protocol.

There will be no compensation to the patient for participation in this study. There will be no penalties if the participant decides, at anytime, to withdraw from the study.
11. Costs

a. Detail costs of study procedure(s) or drug (s) or substance(s) to participants and identify who will pay for them.

There will be no extra cost to the realization of this study. Analyses of data will be performed in our lab facilities. The PI and co-investigators are sponsored by the Department of Surgery from this institution
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