
 

 
 

Bass Connections Project Proposal 
 

1 PROJECT DESCRIPTION 

Project title: Low-Cost Laparoscopic Surgery with Tele-Mentoring for Low-Income Countries 
 

Brief background/context:  

For much of the 20th century, surgeons advanced the techniques of traditional open surgery.  This 
involved making a large incision through the abdominal wall, cutting across the abdominal muscles, such 
that the intra-abdominal organs could be reached.  Surgeons made great strides in the safety and 
efficacy of open surgery.  Diseases that previously resulted in death, such as appendicitis, gallbladder 
disease, intestinal obstructions and various cancers are now treatable and often curable.   

In the 1980’s, the field of surgery advanced further with the development of laparoscopy.  This 
technology allowed surgeons to make 2 - 4 small incisions (3mm - 1cm) and operate with an intra-
abdominal camera and instruments.  Plastic ports hold the incisions open and the laparoscopic camera 
and instruments can be exchanged in and out of the ports.  Benefits of laparoscopic surgery compared 
to open surgery include: decreased pain, decreased time to recovery, decreased development of intra-
abdominal scar tissue, smaller abdominal scars, decrease in wound infections, decrease in wound 
breakdown, decreased length of hospital stay and improved healing time.   

Laparoscopic surgery is routinely performed in high-income countries (HIC), and for many surgeries 
(such as removal of the appendix or gallbladder) is considered the standard of care.  However, 
laparoscopic surgery is currently expensive and demands a great amount of infrastructure to maintain 
the equipment.   For example, the laparoscopic camera, telescope and light cord (together making up 
the laparoscope) costs $16,000.  The camera links to a laparoscopic tower with a video screen, such that 
the surgical team can view the screen and conduct the surgery together.  This tower costs $200,000.  
These costs do not include continued maintenance of the sensitive equipment, which can be quite 
expensive. 

These costs are prohibitive to low-middle income countries (LMIC), and therefore most surgeries in 
these countries are performed with the traditional, open approach.  However, patients in LMIC could 
greatly benefit from laparoscopic surgery.  Many patients in LMIC live long distances from the nearest 
hospital offering surgery.  Patients often undergo impoverishing health expenditure travelling to the 
hospital, and then experience lost wages waiting for surgery and recovering from surgery.  Laparoscopic 
surgery would significantly reduce recovery time, enabling patients to return home and to work more 
quickly. 

Infection is also a concern in LMIC, as antibiotics are expensive and patients must pay for medicines out-
of-pocket.  The surgical ward is often a large room where 30-50 patients and their families are 
recovering together.  This creates infection risk.  Laparoscopic surgery would mean smaller incisions to 
become infected and shorter stays in the hospital, both of which could decrease the risk of post-surgical 
infection. 

Currently, a cost of $216,000+ is prohibitive to most LMIC.  Even if a hospital can receive a generous 
donation from a medical equipment company, the cost to maintain the equipment is still too expensive.  
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Furthermore, every hospital in LMIC receiving generous donations from medical device corporations is 
not a sustainable solution for global surgery.    

A significant problem that exists in many LMIC is the limited numbers of surgeons.  For example, in 
Uganda, where Dr. Fitzgerald has long-term partnerships, there are only 4 pediatric surgeons for a 
country of 32 million people (half of that number are children).  Various academic collaborations 
currently exist where surgeons from HIC travel to LMIC to provide mentorship and skills training for new 
and existing surgeons.   Surgeons from HIC generally have limited travel time, and the journey from the 
United States to Africa requires about 36 hours of travel time each way. 

This proposal describes a collaboration between faculty in the schools of medicine and engineering to 
develop a low-cost, reusable laparoscope to be used in LMIC.  This low-cost laparoscope will be designed 
such that images can be transferred over the internet, enabling surgeons in HIC and LMIC to interact in 
real-time during surgical cases, thus allowing for remote mentoring or “tele-mentoring”. 

PROJECT GOALS AND OBJECTIVES:  

Primary Research Goal:  To develop a laparoscope appropriate for use in a low-income country, with 
tele-mentoring technology.  

Objectives: 

1.Affordable Laparoscopy: The main objective of the project will be to develop a laparoscope for use in 
a LMIC.  The laparoscope should cost less than $1000 (in comparison to the current $216,000), be 
reusable, amenable to sterilization and not require maintenance.  It will connect to a standard laptop 
computer or tablet by a USB cable, such that the surgical team can view this screen while performing 
surgery.  The laptop or tablet which has an integrated battery will provide the required source of power 
for the laparoscope, which will prevent loss of function during power-outages that are common in sub-
Saharan African hospitals.  The components of the laparoscope will be designed to fit into standard 
trocar ports currently used in laparoscopic surgery with a maximal outer diameter of < 5mm.   

2. Tele-Mentoring:  The laptop or tablet used to display the laparoscopic images can be connected to 
the internet through wi-fi or cellular GSM signals.  Numerous mobile phone companies exist in Africa, 
and it is affordable to purchase cellular modem devices made for laptop computers.  Methods and work-
flows that enable intra-operative images to be transferred securely over the internet will be developed.  
This will protect patient privacy and allow surgeons from HIC and LMIC to interact audibly and visually 
during a surgical case.  This will enable information exchange and remote mentoring. 

Our multi-level, multi-disciplinary team will consist of students (undergraduate and graduate levels), 
faculty from the Duke engineering and medical schools, and surgical faculty from Uganda.  The diverse 
skills in the areas of engineering, surgery and global health will foster creative solutions while being 
embedded in what is feasible for the global surgical setting.   

Student Learning Objectives  

a. Increase experience and education in global surgery. 
b. Improve research methodology and engineering design skills. 
c. Learn the human centered design process as a framework for engaging with local communities 
d. Create opportunity for students to present their work at national meetings. 
e. Project development for thesis content and peer-reviewed publications. 

Anticipated Outcome: This research should result in a prototype for the low-cost laparoscope, that will 
lead to industry support for production and delivery in LMIC.   It will also result in peer-reviewed 
publications, on which all team members will be authors. 
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RELEVANCE 

Bass Connections’ Mission and Themes: Our project aligns with the “global health theme”, as the focus 
of the project is to improve surgical care in a global health setting.    It also aligns with the “Information, 
Society and Culture” theme.  The project is focused on the exchange of patient information, with 
knowledge and skills transfer between surgeons from diverse cultures and economic environments.  It is 
using the exchange of visual information to decrease global surgical disparity and improve patient care 
in LMIC. 

Connection to team leaders’ other projects: This project is a new endeavor, and a new collaboration 
between Dr. Mueller, Dr. Fitzgerald, and Dr. Sekabira.  Dr. Mueller has extensive experience in design of 
medical technology for LMIC.  She has previously worked with a team of medical professionals and 
industry experts to develop the “Pocket colposcope”, which is a mobile and low-cost device for cervical 
cancer screening in LMIC.   This system is currently undergoing clinical trials and validation in several 
countries including Peru, Honduras, Zambia, Kenya and Tanzania.  The project described in this proposal 
will leverage the same core technology currently used in the Pocket colposcope. 

Dr. Fitzgerald has worked in Uganda, and other areas in Africa, for over 5 years developing programs to 
increase surgical capacity.  She has a long-standing and well-established collaboration with the only 
pediatric surgery group in Uganda.  She has participated in training 2 of the 4 surgeons during their 
pediatric surgical fellowship, and is actively mentoring the 2 pediatric surgery fellows currently in 
training.   

Dr. Sekabira is the team leader for pediatric surgery in Uganda.   For several years he was the only 
pediatric surgeon in the country.  He has spear-headed the pediatric surgery training program in 
collaboration with our group.  His group is eager to have access to laparoscopic equipment that is 
affordable and sustainable in their environment.  He will be available via skype to participate in 
discussions pertaining to surgery in low-income environments as our group meets at Duke, and he is 
willing to host our team at his institution in Uganda. 

2 TEAM LEADERS AND CONTRIBUTORS 

Name Title/Rank Team Leader / 

Contributor? 

Department(s) Led a team 

before? 

Tamara Fitzgerald,         

MD, PhD  

Assistant Professor of 

Pediatric Surgery 

Team Leader Surgery                                   

Duke University 

no 

Jenna Mueller, PhD Postdoctoral Associate in 

Biomedical Engineering 

Team Leader Biomedical Engineering,  

Center for Global Women’s 

Health Technologies 

no 

John Sekabira, MD Pediatric Surgeon Team 

Contributor 

Surgery                              

Mulago Hospital, Uganda 

no 

Christopher Lam, BS, 

MScGH 

Graduate Student in 

Biomedical Engineering 

Project Manager Biomedical Engineering, 

Center for Global Women’s 

Health Technologies 

Yes 
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3 PROJECT APPROACH AND TEAM COMPOSITON  
Project approach: The project will be divided into 4 components: Laparoscopic Design and Safety, 
Considerations in Global Surgery, Low-Cost Laparoscope Design and Testing, and Implementation of 
Tele-Monitoring.  The team will meet every other week to discuss the components and to present 
student progress on the project. 

1. Laparoscopic Design and Safety 
- The team will discuss traditional technologies that have been used for laparoscopic surgery 
- Safety is an important feature of patient care, and patient harm can be prevented through 

proper engineering considerations.  Topics such as avoidance of fires in the operating room, 
sterilization of equipment and avoidance of intra-abdominal injuries from equipment design 
issues will be discussed. 

2. Considerations in Global Surgery 
- Examples of topics include: capacity issues (insufficient numbers of surgical providers, 

operating rooms, and equipment), prohibitive costs of equipment, reusable items and 
safety/hygiene issues, power and water shortages, availability of technicians to service and 
repair equipment. 

- Impoverishing health expenditure and the role of timely surgery to prevent unnecessary 
disability and death 

3. Low-Cost Laparoscope Design and Testing 
- This module will be focused on learning and engaging in the human centered design 

process, developing design criteria, team discussion with reflection and providing design 
ideas. 

- The laparoscope prototype will be tested in the Duke Surgical Education and Activities Lab 
(SEAL).  This is a simulation lab where surgeons in training can practice laparoscopic skills on 
plastic models.  These models can be used to test the low-cost laparoscope in a low-risk 
setting that does not require the use of animals. 

- The team will identify the regulatory landscape in the United States and Uganda and gain 
understanding of the next steps required to obtain approval for clinical use of medical 
devices. 

4. Implementation of Tele-Mentoring 
- A subset of the team will travel to Uganda to implement the Tele-Mentoring aspect of the 

project.  The Tele-Mentoring may not involve actual patient care, as the necessary approvals 
for this would be difficult to obtain within the project period.  However, the Tele-Mentoring 
component of the project can be tested with simulation models over the mobile phone 
system in Uganda. 

- The team will identify the regulatory landscape in Uganda and gain understanding of the 
next steps required to obtain approval for Tele-Mentoring. 

 

Team composition:   4-6 total students  
• 1-2 Undergraduate Students  
• 1-2 Medical Students  
• 2 Graduate Students   

We are looking for students with an interest in developing technology for global health applications.  
They should have an interest in global access to care (they do not necessarily need to be interested in 
surgery).  Specific disciplines that would be helpful include, but are not limited to: engineering, 
medicine, economics, business administration, law, public health or epidemiology. 
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External organizations: Dr. Fitzgerald has a well-established collaboration of 4 Ugandan pediatric 
surgeons, 4 American pediatric surgeons, 2 Ugandan pediatric surgery fellows in training and multiple 
Ugandan nurses who have participated in research projects in the past.  Dr. Sekabira is the leader of the 
Ugandan pediatric surgery group at Mulago Hospital in Kampala Uganda, and the group is very 
enthusiastic about the prospect of learning laparoscopic surgery.  It is something they have wanted to 
do for a long time, but do not have the equipment. 

We also have a relationship with The Archie Foundation, a Scottish charity that is dedicated to global 
children’s surgery.  To date, they have donated the surgical equipment for 2 pediatric operating rooms 
in Uganda.   They have also set up pediatric operating rooms in other African countries, and have plans 
to expand their outreach.  Dr. Fitzgerald has spoken to this foundation and they are interested in a low-
cost laparoscope. 
 
Student opportunities: Students will have the opportunity to participate in designing a product that has 
the potential to change surgical care in Africa.  They should expect to have authorship on publications 
resulting from the study, and research presented at national meetings.  Master’s level students could 
use this opportunity to collect data towards a thesis project.  Students will have an opportunity to travel 
to Uganda, and learn first-hand how surgery is practiced in a low-income country. 
 
Plan to evaluate team progress and performance:  Students will be evaluated by their level of 
participation in discussion sections and study design.  At the completion of the project, they will all be 
expected to contribute to data analysis and preparation of a final report.  The students will be expected 
to prepare oral presentations on the progress of their work and well as a final presentation.  They will be 
involved at manuscript preparation for journal publication at a level commiserate with their training.  
 

4 TIMELINE AND MILESTONES 

Timeline: 

Project Start Date: August 2018 

Pre-project Preparation: August 2018.  Students should complete required training modules such as the 
responsible conduct of research, laboratory and machine shop safety training through the appropriate 
offices at Duke. 

Laparoscopic Design and Safety & Consideration in Global Surgery Fall 2018. Project meetings will be 
held every other week.  Meetings will include discussion of relevant journal articles, previous work in 
this area and team-based learning.  Meetings will transition to project development as the year 
progresses.  Topics include: needs assessment, design specifications, engineering design matrix (concept 
selection), and ergonomic non-functional mock up assessment by key informants (Duke and Uganda 
Surgeons). 

Low-Cost Laparoscope Design and Testing: Late Fall 2018 - Spring 2019.  Rapid prototyping of two 
designs: 1/3 of team working on laparoscope casing and final assembly, 1/3 of team working on 
optoelectronic design (circuits design), and 1/3 of team working on graphical user interface software 
development including telemedicine. 

Implementation of Tele-Mentoring: Summer 2019 

Project End Date: August 2019 (the project will officially end on this date, but our collaboration is 
ongoing and this project should inform future projects and grant applications) 
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Milestones:  

o Completion of introductory teaching / discussion / review of journal articles 
o Conducting key informant and test group interviews 
o Design Criteria 
o Project development 
o Completing iterative refinement of non-functional mock up for ergonomic optimization 

using feedback from key informants 
o Completing a working prototype of the low-cost laparoscope 
o Bench side safety and validation testing of functional performance 
o Bench side durability and sterilization testing 
o In-vitro validation of functional performance  
o Field experience with Tele-Mentoring 
o Conducting user feedback on ease of use of device, areas for improvement, and/or user 

satisfaction with device when compared to standard of care 
o Evaluation of final data and manuscript / presentation writing 
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5 BUDGET ESTIMATE 

Cost Category Funding Request for 

2018-2019 

Notes  

Payroll-allowable Categories 

RESEARCH ASSISTANTSHIP 

(Masters/Professional) (suggested 

range: $12-15/hour) 

$ 2,800 Project manager, $14/hr for 5hr/ week for 

40 weeks. 

POST-DOCTORAL OR STAFF EFFORT $ 5,500 Post-doctoral support (10% of $55,000) 

UNDERGRADUATE STUDENT STIPEND 

OR WORK STUDY (suggested range: 

$11-14/hour) 

$ 2,880 2 students (1 is already recruited); $12/hr for 

6hr/week for 20 weeks; Develop and 

implement research projects 

Supplies & Materials 

INSTRUCTIONAL, RESEARCH OR 

OFFICE SUPPLIES 
$ 6000 

 

 

*See tables I and II for 

detailed cost breakdown 

$600 - Mock Up Prototypes (foam, adhesive, 

abrasive paper, forming tools) 

$5100 - Functional Prototypes (base camera, 

3D printing filament, medical grade heat 

shrink tubing, electronic components, 

waterproofing materials) 

COMPUTERS AND MINOR 

EQUIPMENT 
$ 2000 Android Tablet, Windows Laptop (for 

softward / graphical user interface 

development and later functional testing of 

prototypes) 

Travel Expenses 

TRAVEL – INTERNATIONAL  $ 4,820 Support for 1 faculty and 2 students to travel 

to Uganda.  ($1200 per person airfare, $1220 

room and board for 1 month) 

General Operating & Other Costs  

CONTRACT WORK $ 1000 Support for Work of International Partners 

TOTAL Bass Connections Request $ 25,000  

Your Unit/Business Manager who could administer funds for project, if requested: 

Laurel Shields, Surgery Grants and Contracts 
Lauren.wiley@duke.edu 
919-613-6519 

mailto:Lauren.wiley@duke.edu
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Table 1: Estimated Supply Costs Mock Up for Form Factor Evaluations  

Item Category Description Manufacturer Model # QTY Total Price 
$ 

Foam Sheet  Raw Material – 
Mock Up 

Polyurethane 
3”x12”x12”  

 5GCL6 5 PK 84.5 

Coarse File Set (9 
pc) 

Shaping Tool - Mock 
Up 

 Nichols 22030HNN 1 PK 151.54 

Detail File Set (6 
pc) 

Shaping Tool - Mock 
Up 

 Nichols 42030 1 PK 51.00 

Sanding Sponge 
(Set Extra Fine to 
Coarse) 

Shaping Tool - Mock 
Up 

 3M CP000-6P-CC 
CP001-6P-CC 
CP002-6P-CC 
909NA-3P-CC 

1 case 60 

Polyurethane 
Glue  

Adhesive - Mock Up  3M Super77 2 22 

Metal or Plastic 
Tubing 

Mock Up   Assorted  1 set 50 

Safety Glasses   3M 11329 12 30 

Work Gloves Nitrile  Assorted Sizes  1 PK 40 

Dust Masks Safety Protection  3M 8210V 1 Case 45 

     Total 534.04 

 
Table 2: Estimated Costs for Functional Prototype Construction 6 working units with spares 

Item Category Description Manufacturer Model # QTY Total Price 
$ 

HD Color CMOS 
Camera with USB 
output 

Imager & Lens 
Module 

Adjustable 
focus lens 

TBD  10 3000 

White LED 
Illumination Ring 

Illumination Source Concentric Ring 
PCB with 4 
White LED 

Luxeon Z 
Express PCB 

LXZ1-5070 
Custom 
Designed 

10 250 

Constant Current 
LED driver circuit, 
image capture, 
illumination 
control  

Illumination Driving 
Circuit & Misc. 
wiring 

Allows for 
adjustable 
illumination 
intensity 

Express PCB 
Various 

Custom 
Designed 

10 250 

USB Cable Data and Power 
Delivery from laptop 
or tablet 

Interfaces 
between 
camera & LED 

Qualtek 3021029-16 10 100 

OTG USB Adapter Allows device use 
with Android  

 Startech  10 20 

Medical Grade 
ABS Plastic 3D 
Printer Spool 

Raw Material – 
Handle  

Custom Design Statasys ABS White 2 500 

Medical Grade 
Epoxy 

Waterproof 
Assembly 

Rigid water 
proof sealing 

Epotek  301LV 1 100 

Medical Grade 
Heat Shrink 
Tubing 

Waterproof 
Assembly 

Flexible water 
proof seal 

Insultab 30-MSK-
135AST 

1 Kit 300 

Hydrophobic 
Window with 
antireflection  

Waterproofing / 
Optical Component 

waterproof tip 
of device 

Edmund Optics 88-356 10 400 

Stainless Steel 
Tubing 

Raw Material – 
Handle / Neck 

Medical grade 
(heat sinking 
and rigidity) 

Various  1 Kit 200 

     Total 5120 

 

https://www.digikey.com/product-detail/en/lumileds/LXZ1-5070/1416-1146-2-ND/4156043

