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Abstract 
 
Project goal: To design a precise brachytherapy device to deliver twice the radiation dose to 
cancerous tissue than to healthy tissue for patients with esophageal cancer. 
 
Brachytherapy is a form of radiation therapy in which a small radioactive seed is placed in close 
proximity to cancerous tissue in order to minimize damage to the healthy surrounding tissue. 
Non-specific brachytherapy exposure minimizes both treatment efficacy and maximum applied 
dose in the treatment of esophageal cancers. A precision brachytherapy device was sought after 
to improve patient care. 
 
A precision brachytherapy device utilizing multiple seed channels was created using materials 
compatible with gamma radiation used during the procedure, ethylene oxide for sterilization of 
the device, and diluted acid to simulate the conditions of the esophageal tract. Water and contrast 
mixture, used for visualization during a CT scan, were used to fill balloons which function to 
stabilize the device. The multiple seed channels were compatible with existing brachytherapy 
equipment and the device does not require additional training of radiation oncologists or medical 
physicists. Analysis proved that the device achieves twice the dose of radiation to cancerous 
tissue than healthy tissue in patients.  
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1.0 Scope 

Our team developed a prototype device for precise brachytherapy radiation treatment of            

esophageal cancer. Current esophageal brachytherapy devices do not differentiate radiation dose           

between healthy and cancerous tissue, decreasing treatment efficacy. Our device was designed            

to function within the current clinical environment and deliver twice the effective radiation dose              

to cancerous tissue than to healthy tissue. The applicator was produced for Dr. Jennifer Barton of                

the University of Arizona Department of Biomedical Engineering. 

The device components and design elements are strictly mechanical and static; there are             

no motors, bearings, or electrical components in the design in order to minimize the risk of                

failure and improve device reliability while also keeping device costs minimal. The bill of              

materials was created with materials compatible with gamma radiation used during the            

procedure, ethylene oxide for sterilization of the device, and diluted acid to simulate the              

conditions of the esophageal tract. The device is compatible with existing brachytherapy            

equipment and does not require additional training of radiation oncologists or medical physicists             

prior to use. These design elements ensure a seamless transition from other brachytherapy             

devices to our device design. 

A single engineering change request was completed for this device. It contained the             

addition of a silver coating to the three radiation seed channels. The silver coating is 12 m in                μ   

thickness and coats 240 degrees of the seed channel’s outer surface. This plating was added to                

increase the device's ability to attenuate radiation and protect healthy esophageal tissue. More             

details of the silver coating are included in section 6.1 Radiation Analysis.  
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This document outlines the tasks completed in the last eight months. It contains the              

system block diagram and system architecture, fundamental and system requirements,          

verification matrix, and verification table. It also contains the completed parts list, detailed part              

drawings, and assembly drawings. The parts list is updated from the Critical Design Review after               

an Engineering Change Request (ECR) was completed for the addition of silver plating to the               

seed channels. Technical drawings before and after the ECR are included. Completed analyses,             

acceptance test results, final budget, and lessons learned are also included. 

 

2.0 System Architecture and System Block Diagram 

The device is composed of four subsystems. The applicator subsystem includes the outer             

housing which is labeled with radiopaque markers. The outer housing comes into direct contact              

with the patient's esophagus and the radiopaque markers allow the physician to see the device               

positioning under a CT scan. The outer housing contains a single guidewire channel at its center,                

used for assistance during insertion into the esophagus and three seed channels around it with               

corresponding labels. The three separate seed channels allow for selectability when the            

radioactive seed is inserted into the device. The design also includes a stabilizing subsystem to               

ensure the device does not move during operation. This subsystem contains medical-grade            

balloons that are inflated via Luer-lock valves, labeled to correspond to the correct stabilizing              

balloon. The adapter subsystem of the device is compatible with a provided console that controls               

the movement of the radiation seed through each of the multiple seed channels. To connect the                

device with the console, size 6-French catheters were used. Lastly, the shielding subsystem is a               
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12 µm layer of silver plating added to the multiple seed channels to attenuate the radiation and                 

protect the healthy tissue. The system architecture, Figure 1, shows the flow down of all of the                 

device parts from their corresponding subsystems. 

 
Figure 1: System Architecture 
 

During the brachytherapy procedure, the device is used in combination with other            

measures in order to treat the patient’s cancerous esophagus. An endoscopy, along with             

traditional imaging, is used to visualize the tumor and to allow for correct device placement.               

Dosimetry is completed by a medical physicist to determine optimal seed dwell time and              

locations. These calculations are then programmed into the console which is responsible for             

controlling the radioactive seed during the treatment. The system block diagram, Figure 2, details              

the device’s subsystems as well as its role during the procedure. 
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Figure 2: System Block Diagram 
 
 

3.0 Requirements,  System Requirement Verification Matrix, and Verification Table 

The project goal was to design a brachytherapy device which could be used in a patient 

with esophageal cancer of any presentation.  The functional requirements of this project were to 

create a device that emits two times higher radiation doses to the cancerous tissue than to the 

healthy esophageal tissue, functions in 95% of all esophageal cancer patients, interfaces with 

existing brachytherapy equipment, inserts and retracts from the patient without causing bleeding, 

is stable in the patient, and is a cost-effective, disposable device. The functional requirements led 

to the system requirements. The system requirements are the expectations from the system to 

achieve the functional requirements. The complete list of functional and system requirements 

may be found in section 10.0 Appendix A: Functional and System Requirements. 

In order to ensure the device’s proper function, each system requirement must be verified              

prior to the project’s completion. Section 11.0 Appendix B: System Requirement Verification            

Matrix (SRVM) documents the type of verification that was performed for each of the system               

requirements. The SRVM led to the creation of the System Requirement Verification Table,             
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shown in Table 1. The verification table documents the limits of each system requirement, the               

measured value, and whether the system requirement was passed or failed. All twelve of the               

system requirements for our device passed. 

 

Requirements Method Limit / 
Reference 

Measured / 
Reference Value 

Pass / 
Fail 

4.1 Functionality  

4.1.1 Radiation Dose: The device shall provide at minimum 2 times 
the effective radiation dose to cancerous tissue than to the healthy 
tissue normalized by area. 

A 
2 times radiation dose to 
cancerous tissue than to 

healthy tissue 

Cancerous tissue (120 degrees) 
results in 2 times dose Pass 

4.1.2 Secure Connection: The universal console connector and 
adapter catheter shall connect following Microselectron catheter 
standards. 

D 2.00mm outer diameter Microselectron Standard Pass 

4.2 Size and Dimensions  

4.2.1 Balloon Tolerances: The balloons shall inflate to a size of 
2.0cm +/- 0.5cm. D, I 2.0cm +/- 0.5cm outer 

diameter 2.4cm Pass 

4.2.2 Applicator Diameter: The applicator outer diameter shall be 
0.65cm +/- 0.05cm. I 0.65cm +/- 0.05cm outer 

diameter 6.5mm (0.65cm) Pass 

4.2.3 Applicator Length: The applicator, excluding adapter catheters, 
shall be 57.0cm +/- 3.0cm. I 57.0cm +/- 3.0cm outer 

diameter 58.4 cm Pass 

4.2.4 Balloon Length: The length of all balloons together shall be 
13cm +/- 3.0cm. I 13cm +/- 3.0cm outer 

diameter 15.0 cm Pass 

4.2.5 Catheter Diameter: The adapter catheters’ outer diameter shall 
be 0.20cm +/- 0.01cm. I 0.20cm +/- 0.01cm outer 

diameter 2.0mm (0.20cm)  Pass 

4.3 Materials  

4.3.1 Sterilizability: The device shall be sterilizable following 
ANSI/AAMI/ISO 11135:2014 sterilization standards. A ANSI/AAMI/ ISO 

11135:2014 ANSI/AAMI/ ISO 11135:2014 Pass 

4.3.2 Inexpensive Cost: The device materials shall not cost more than 
$200.00 per unit. A ≤ $200 $118.95 Pass 

4.3.3 Applicator Flexibility: The applicator shall match the flexibility 
of the predicate device +/- ten percent. T 10% +/- predicate flexibility 

(2.34cm, 2.86cm) 2.43 cm Pass 

4.4 Safety  

4.4.1 Safe Operation: The device, when balloons are inflated and held 
vertically with a 75 gram weight attached, shall not move more than 
0.5cm +/- 0.5cm. 

T 0.5cm +/- 0.5cm 0.0 cm  Pass 

4.4.2 Safe Insertion and Retraction: The device shall retract from a 
model esophagus without manual popping of the balloons with a 99% 
confidence level. 

D 99% confidence level No Manual Popping Required Pass 

Table 1: System Requirement Verification Table 
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4.0 Parts List 

The device parts list can be found in Table 2 and contains the part name, part number,                 

and material type if applicable. Each subsystem has its own individual number, 100X00, and              

each part within the subsystem is defined by 100X0X. If there are multiple copies of the same                 

part, they are differentiated by a letter suffix, for example, 100201B would be the second copy of                 

the first part in the second subsystem. 

Part Number Document Material 

100100 Applicator Subsystem  

100101 Outer Housing Polyethylene (Low Density) (LDPE) 

100102A - C Seed Channel 1 - 3 Polyurethane (PU) 

100103 Guidewire Channel Polyurethane (PU) 

100104A - B Radiopaque Markers - Distance 1 and 
Channel 2 - 

100105 Seed Channel Labels - 

100106 Beveled End Cap Thermoplastic Polyurethane (TPU) 

100107 Applicator Cap Polyethylene (Low Density) (LDPE) 

100108 Adhesive Transfer Tape 467MP - 

100200 Stabilizing Subsystem  

100201A - F Medical-Grade Balloon 1 - 6 Polyethylene Terephthalate (PET) 

100202A - F Balloon Catheter 1 - 6 Polyurethane (PU) 

100203A - F Balloon Catheter External Housing 1 - 6 Polyurethane (PU) 

100204A - F Luer-Lock Valve 1 - 6 Polycarbonate (PC) 

100205 Balloon Labels - 

100300 Adapter Subsystem  

100301A - C 6-French Catheter 1 - 3 Polyurethane (PU) 

100400 Radiation Subsystem  

100401 Silver Coating Silver 
Table 2: Parts List 
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A complete material property analysis table may be found in section 12.0 Appendix C:              

Material Property Analysis. Further material property analysis details are included in section 6.2             

Sterilizability: Material Property Analysis of this report. 

5.0 Device Drawings 

Technical drawings were created for all nine individual components of the device while             

two assembly drawings detail the entire device system. The complete set of drawings can be               

found in section 13.0 Appendix D: Technical Drawings and all dimensions are in millimeters              

unless stated otherwise. Table 3 summarizes all of the drawings created for this device. 

Drawing 
Number 

Part 
Number Drawing Name Rev Material Page 

A1 100000 Brachytherapy Applicator Assy Drawing A See BOM 28 

A1 100000 Brachytherapy Applicator Assy Drawing B See BOM 29 

A2 100000 Brachytherapy Applicator Assy A N/A 29 

P1 100202 Balloon Catheter A PU 30 

P2 100101 Outer Housing A LDPE 30 

P3 100102 Inner Multichannel A PU 31 

P3 100102 Inner Multichannel B PU 31 

P4 100103 Guidewire Channel A PU 32 

P5 100107 Applicator Cap A LDPE 32 

P6 100201 Medical Grade Balloon A PET 33 

P7 100106 Beveled End Cap A TPU 33 

P8 100204 Luer-Lock Valve A PC 34 

P9 100401 Silver Coating A Silver 34 

Table 3: Technical Drawing Summary 
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Figure 3 is a detailed assembly drawing showing the full device length, each device              

component, and the bill of materials for the applicator. This assembly drawing number A1              

revision B shows how the Applicator Subsystem, Stabilizing Subsystem, and Adapter Subsystem            

fit together to form the device. The Adapter Subsystem must ensure that the multiple seed               

channels are a 6-French universal sizing standard, and thus, no drawings were directly dedicated              

to this subsystem in this document. 

 
Figure 3: Detailed assembly drawing number A1, revision B of the Brachytherapy Applicator             
device.  
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6.0 Analyses 

Three analyses were completed for this project, Radiation Dose, Sterilizability, and           

Inexpensive Cost. The limit values and measured values are listed in Table 4: Analysis              

Verification Table. 

Requirements Method Limit / 
Reference 

Measured / 
Reference Value 

Pass / 
Fail 

4.1 Functionality  

4.1.1 Radiation Dose: The device shall provide at minimum 2 times 
the effective radiation dose to cancerous tissue than to the healthy 
tissue normalized by area. 

A 
2 times radiation dose to 
cancerous tissue than to 

healthy tissue 

Cancerous tissue (120 degrees) 
results in 2 times dose Pass 

4.3 Materials  

4.3.1 Sterilizability: The device shall be sterilizable following 
ANSI/AAMI/ISO 11135:2014 sterilization standards. 

A ANSI/AAMI/ ISO 
11135:2014 

ANSI/AAMI/ ISO 11135:2014 Pass 

4.3.2 Inexpensive Cost: The device materials shall not cost more than 
$200 per unit. 

A ≤ $200 $118.95 Pass 

Table 4: Analysis Verification Table 

 

6.1 Radiation Analysis 

In order to calculate relative radiation dose at the first layer of tissue, we developed a                

MATLAB code to automate the analysis of our design. This allowed for parameters such as               

number of seed channels, thickness of seed channels, relative position of seed channels, and              

thickness of attenuation materials to be inputted to project the dose profiles both graphically and               

numerically. With this code, we were able to determine that our preliminary design before the               

engineering change request met our 2X dose to tumor relative to healthy tissue requirement,              

protecting 180 degrees of the modelled esophagus from excess radiation. After conducting more             

research into other attenuation methods and practices, the addition of a 12 µm silver plating               

coating to 240 degrees of all three seed channels allowed for the 2X radiation dose requirement                
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to be optimized. With this enhanced analysis, 240 degrees of the modelled esophagus are              

protected from excess radiation. The MATLAB code and graphs output from this analysis can be               

found in section 14.0 Appendix E: Radiation Analysis. These graphs show the radiation dose              

profiles around the esophagus due to the Inverse Square Law of Radiation alone, Beer’s Law               

alone before and after the addition of Silver plating, and finally the combined finalized dose               

profile. Additionally, for comparative purposes, the finalized radiation dose profile of the            

predicate device can also be found. 

 

6.2 Sterilizability: Material Property Analysis 

A material analysis was completed with assistance from the book Plastics in Medical             

Devices - Properties, Requirements, and Applications by Vinny R. Sastri. Forty-eight plastics            

were analyzed for their ability to undergo ethylene oxide sterilization, gamma radiation            

exposure, diluted acid exposure, biocompatibility for the esophagus, and for their ability to be              

made into a flexible plastic. This process allowed for the materials of each device part to be                 

decided to follow the necessary requirements, finally resulting in a pass of the system              

requirement. Section 12.0 Appendix C: Material Property Analysis details these results in full.             

Final material choices for this device are summarized in Table 2: Parts List. 

 

6.3 Inexpensive: Cost Analysis  

The cost analysis was completed looking at the cost of the materials used to produce the                

device. Most medical device companies do not disclose their device costs, therefore, the cost of               

medical-grade products is not available. Cost of medical-grade polymer per weight is available             
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and was used to predict the cost of device materials. The engineering change request to add                

silver to the device did result in a change in the overall price of the device. Before the                  

engineering change request, the estimated cost of materials was $118.54 per unit. The silver              

plating materials per device is estimated to be $0.402, resulting in an estimated cost of materials                

of $118.95 per unit. This value is below the inexpensive requirement of $200 per unit resulting in                 

a pass of the system requirement. The full cost analysis table summarising the cost per device                

part may be found in section 15.0 Appendix F: Device Cost Analysis. 

 

7.0 Acceptance Test Results 

Two tests were completed for this project, Applicator Flexibility and Safe Operation. The             

limit values are listed in Table 5: Test Verification Table. The following is our record of                

changes: 

● For our Applicator Flexibility Test, our requirement of flexibility value changed. The            

new requirement mandates that the prototype device must have the flexibility of the             

predicate device +/- 10%. Initially, the tolerance was at +/- 20%, but after discussion with               

the sponsor, we agreed that the acceptable tolerance of the device flexibility will be 10%. 

● For our model esophagus, the Syndaver model esophagus was not used. Instead, PVC             

pipe tubing with a similar diameter to a human esophagus was used as a simplified test                

model. 

● For testing location, the prototype testing did not take place in the lab space overseen by                

Dr. Barton. Rather, the Flexibility Test took place at project physician-consultant Dr.            

Thawani’s medical office at Dignity Health in Phoenix, Arizona. The Safe Operations            
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test took place at the home of team member Hiram Olivas, as he was overseeing the                

prototyping process. 

● For the Applicator Flexibility Test, a 0.5 kg weight was ultimately not required. Instead,              

75 grams was used as that was found to be a sufficient weight to detect adequate device                 

deflection. 

Requirements Method Limit / 
Reference 

Measured / 
Reference Value 

Pass / 
Fail 

4.3 Materials  

4.3.3 Applicator Flexibility: The applicator shall match the flexibility 
of the predicate device +/- ten percent. 

T 10% +/- predicate flexibility 
(2.34cm, 2.86cm) 2.43 cm Pass 

4.4 Safety  

4.4.1 Safe Operation: The device, when balloons are inflated and held 
vertically with a 75g weight attached, shall not move more than 0.5cm 
+/- 0.5cm. 

T 0.5cm +/- 0.5cm 0.0 cm Pass 

Table 5: Test Verification Table 

 

7.1 Applicator Flexibility Test 

Introduction: This procedure outlines the acceptance test that was performed on the entire             

applicator assembly (100100-100400) which was conducted in Dr. Thawani’s medical office at            

Dignity Health. This test verifies that the prototype device, which includes all subassemblies, has              

the flexibility properties comparable to the predicate device. The prototype device and the             

predicate device individually shall be fixed at both ends, leaving the center of each unsupported.               

A 75g weight shall be hung from the center of both devices and the deflection of each device                  

from their respective initial states shall be measured. The prototype deflection distance at the              

center must equal that of the predicate device averages +/- 10% for three trials in order to pass                  

the verification test. 
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Referenced Documents: Brachytherapy Device System Requirements Document, 11/17/19 

Required Test Equipment:  

Description Manufacturer Accuracy 

2 Separate Platforms with 
Fasteners N/A N/A 

75 gram weight N/A 
75g with Standard 

Manufacturing Accuracy of 
Weights 

Predicate Esophageal 
Applicator Ancer Medical N/A 

Measuring Tape N/A Standard Manufacturing 
Accuracy of Measuring Tapes 

 
Table of Tests: 

Test Number Test Requirement 

1.5.1 Flexibility 

Flexibility must be equal to 
the predicate device with a 

maximum difference of 10% 
allowable. 

 
Step-by-step Procedure: 

1. Distance the 2 platforms 36cm apart from each other and fasten both the predicate device               

and the prototype device individually by their ends. 

2. Locate the center of each device with a measuring tape and attach a 75g weight to the                 

center of each device using a rope/string. 

3. Allow both of the devices to be pulled down at the center by the 75g weight and note the                   

deflection of both devices. 

4. Measure the distance that the center of the predicate device has deflected from its initial               

position. 



18 

5. Measure the distance that the center of the prototype has deflected from its initial              

position. 

6. Repeat steps 1-5 two more times. 

7. Average the deflection values of each device separately. 

8. If the average distance travelled by the center of the prototype is equal to the distance                

travelled by the center of the predicate device, with a 10% difference allowable, then the               

prototype has passed the verification test. 

9. If it has passed the verification test, the prototype device has comparable flexibility             

properties to the predicate device. Therefore by similarity, the flexibility of the prototype             

has been deemed to be within the sufficient range to be effective during the              

brachytherapy procedure. (Mark Pass/Fail on the datasheet.) 

 
Figure 4: Applicator Flexibility Test Setup  
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Results: The predicate device deflected an average of 2.6cm. This results in a +/- 10 flexibility                

range of 2.34cm to 2.86cm. Our device prototype deflected an average of 2.43cm, a value within                

the predicate flexibility range. This results in a pass of the Applicator Flexibility test. 

 

Acceptance Data Sheet: The completed Applicator Flexibility Test data sheet may be found in              

section 16.0 Appendix G: Acceptance Test Data Sheets. 

 

7.2 Safe Operation Test  

Introduction: This procedure outlines the acceptance test that will be performed on the entire              

applicator assembly (100100-100400) which will be conducted at the home of team member             

Hiram Olivas. This test verifies that the prototype device, which includes all subassemblies, may              

be safely inserted and retracted in a patient and shall not move while in the patient. The                 

prototype will be inserted vertically into a model esophagus and then the stabilizing balloons will               

be inflated. A known weight of 75g will then be hung from the device’s bottom to apply a                  

constant force. The prototype must move less than 1cm for 3 trials in order to pass the                 

verification test. 

 

Referenced Documents: Brachytherapy Device System Requirements Document, 11/17/19 
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Required Test Equipment:  

Description Manufacturer Accuracy 

75g weight with attached 
string/rope N/A 

75g with Standard 
Manufacturing Accuracy of 

Weights 

Measuring Tape N/A Standard Manufacturing 
Accuracy of Measuring Tapes 

PVC Pipe - Standard accuracy of PVC 
Pipe Manufacturing 

 
Table of Tests: 

Test Number Test Requirement 

2.5.1 Safe Operation 
Prototype must not move 

more than 1cm for 3 trials by 
hanging a weight of 75g. 

 
Step-by-step Procedure: 

1. Insert prototype device into PVC pipe and inflate stabilizing balloons to desired level. 

2. Mark start and end points of balloons relative to the PVC pipe. 

3. Attach 75g weight to the bottom of the prototype. 

4. Hold the system vertical and hang weight for 30 seconds. 

5. Mark the new start and end points of balloons relative to the PVC pipe. 

6. Deflate balloons and remove the prototype. 

7. Measure the difference between original markings and new markings. 

8. If the distance is less than 1cm, the device has passed the verification test. (Mark               

Pass/Fail on the datasheet.) 

9. Repeat steps 1-8 two more times. 
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Results: The prototype device travelled an average of 0.0cm along the modelled esophagus. This              

results in a pass of the Safe Operation test. 

 

Acceptance Data Sheet: The completed Safe Operation Test data sheet may be found in section               

16.0 Appendix G: Acceptance Test Data Sheets. 

 

8.0 Final Project Expenditures 

Our project had an allocated budget of $1,200.00 provided by our sponsor Dr. Jennifer              

Barton and the Department of Biomedical Engineering. Detailed project expenses are included in             

Table 6: Project Cost. 

MATERIALS $387.85 

Prototype Qty Unit Price Total 
Outer Housing PTFE Tubing 1 $4.52 $4.52 
Balloon Catheter PTFE Tubing 2 $20.68 $41.36 
PETG Sheet 1 $22.27 $22.27 
Seed Channel PU Tubing 1 $34.73 $34.73 
Silver Plating Anode 1 $46.41 $46.41 
Conductive Paint 1 $16.25 $16.25 
PLA 3D Printer Filament 1 $62.12 $62.12 
Prototype Testing Clear PVC Vinyl Tubing 1 $10.19 $10.19 

Team Shirts 6 $25.00 $150.00 

TRAVEL $55.48 

Team trips to Phoenix for meeting with project 
physician-consultant.  

Domestic Travel 

Gas Reimbursements, 2 trips total $55.48 

TOTAL PROJECT COST $443.33 
Table 6: Project Cost 
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After the creation of several prototypes, production of the final device, costs incurred             

during visits to Phoenix for meetings with our physician-consultant Dr. Nitika Thawani, and all              

logistical preparations for the Virtual Design Day 2020 competition, our final project cost was              

$443.33, well below our allocated budget. 

 

9.0 Lessons Learned 

Throughout our design process, we encountered several obstacles that tested our           

engineering efforts. One of the biggest lessons learned for us all dealt with the general lack of                 

detailed knowledge on the differing types and mechanisms of radiation that exist and how they               

are used for specific oncological treatments. For most of us, brachytherapy was a completely              

novel treatment process of which we had never experienced. The first few weeks of the course                

were specifically dedicated to this research. 

Understanding how radiation behaves is essential for determining how it can be            

attenuated. As explained earlier, introducing a radioactive seed into a cancerous esophagus was             

not our project’s objective; targeting the radiation and being precise in our treatment locations              

inside the patient was the key to creating a novel brachytherapy device. A successful design               

depended solely on our ability to have attenuation properties integrated into the device. Fully              

understanding the properties of Beer's Law and the Inverse Square Law of Radiation proved to               

be a crucial task early on in our project as no design could move forward without integrating                 

these aspects. 

Because medical devices are rigorously regulated by numerous organizations worldwide,          

the manufacturing methods, costs, and intellectual property rights of currently available           
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marketed devices was incredibly difficult to research. Thus, one of the most burdensome tasks              

encountered for this project dealt with the issue of prototyping a device that would be both of                 

medical-grade quality and ready for use in human research. After consultation, our team and              

sponsor came to the consensus that a medical-grade final prototype would not be part of our                

project scope. Instead, a bill of medical grade materials was to be submitted with our final design                 

prototype for future use by a knowledgeable manufacturing organization of medical products. 

Like many other teams this year, the profound COVID-19 situation greatly hindered our             

ability to work collaboratively towards our final prototype device. We managed to continue to              

meet regularly and frequently by virtual means for logistical matters, but for prototyping, this              

issue became a critical matter. Ultimately, we were fortunate to have team members that were               

willing to tackle these team tasks individually, and this thus kept us on track for completing our                 

design and prototype goals for Virtual Design Day. 

In addition, the COVID-19 pandemic was detrimental to the supply-chain industry           

worldwide. For our project, this situation most impacted our ability to procure the catheters of               

tiny dimensions required to create the final device. Already difficult to find prior to these global                

supply-chain disruptions, catheters of such a small scale and with tight tolerances became             

incredibly difficult to manage. Ultimately, we were successful in creating two prototype devices             

with the materials we had procured prior to this situation and each prototype was successful in its                 

respective acceptance testing. 

In the end, the biggest lesson learned for this project dealt with the fact that disruptions to                 

project goals will always be present; conflicts in team availability, differing work and family              

commitments, changes to global supply-chain reliability, and world pandemics may always be            
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present at some capacity in any project. Adequately dealing with these challenges and being              

adaptable to their changes makes the ultimate difference between a succesful or ineffective             

project. In our case, we are proud to have had the opportunity to create a device that will make a                    

profound impact on the lives of brachytherapy patients of esophageal cancer and their families in               

the future.  
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10.0 Appendix A: Functional and System Requirements 
 

 Functional Requirements System Requirements 

1 

Provides two times higher 
doses of radiation to the 
cancerous tissue than to the 
healthy tissue. 

1. Radiation Dose: The device shall provide at minimum 2 times the 
effective radiation dose to cancerous tissue than to the healthy tissue 
normalized by area. 

2 Functions in at least 95% of 
esophageal cancer patients. 

1. Balloon Tolerances: The balloons shall inflate to a size of 2.0cm +/- 
0.5cm. 
 
2. Applicator Diameter: The applicator outer diameter shall be 0.65cm +/- 
0.05cm. 
 
3. Applicator Length: The applicator, excluding adapter catheters shall be 
57.0cm +/- 3.0cm. 
 
4. Balloon Length: The length of all balloons together shall be 13cm +/- 
3.0cm. 

3 
Interfaces with the provided, 
existing brachytherapy 
console. 

1. Console-Catheter Diameter: The adapter catheters’ outer diameter shall 
be 0.20cm +/- 0.01cm. 
 
2. Secure Connection: The universal console connector and adapter 
catheter shall connect following Microselectron catheter standards. 

4 
Inserts and retracts without 
causing bleeding to the 
esophageal tissue. 

1. Applicator Flexibility: The applicator shall match the flexibility of the 
predicate device +/- ten percent. 
 
2. Safe Insertion: The device shall retract from a model esophagus without 
manual popping of the balloons with a 99% confidence level. 

5 Is stable while inserted in the 
patient. 

1. Safe Operation: The device, when balloons are inflated and held 
vertically with a 75g weight attached, shall not move more than 0.5cm +/- 
0.5cm 

6 Is a cost-effective disposable 
device. 

1. Inexpensive: The device materials shall not cost more than $200 per unit. 
 
2. Sterilizability: The device shall be sterilizable following 
ANSI/AAMI/ISO 11135:2014 sterilization standards. 
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11.0 Appendix B: System Requirement Verification Matrix (SRVM) 
 

 Verification Method 
T=Test, A=Analysis, D=Demonstration, I=Inspection 

Requirements T A D I 

4.1 Functionality  
4.1.1 Radiation Dose  X   
4.1.2 Secure Connection    X 

4.2 Size and Dimensions  
4.2.1 Balloon Tolerances   X X 
4.2.2 Applicator Diameter    X 
4.2.3 Applicator Length    X 
4.2.4 Balloon Length    X 
4.2.5 Catheter Diameter    X 

4.3 Materials  
4.3.1 Sterilizability  X   
4.3.2 Inexpensive Cost  X   
4.3.3 Applicator Flexibility X    

4.4 Safety  
4.4.1 Safe Operation X    
4.4.2 Safe Insertion and Retraction   X  
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12.0 Appendix C: Material Property Analysis 
 

Polymer Ethylene 
Oxide Radiation Diluted Acid Biocompatible Non-Rigid 

Polyolefins 
HDPE Good Good Good Yes Yes 
LDPE Good Good Good Yes Yes 

UHMWPE Good Good Good Yes No 
PP Good Fair Good Yes Yes 

COC Good Good Good Yes No 

PVC 
PVC 

Plasticized Good Good Good Yes Yes 

PVC 
Unplasticized Good Fair Fair No No 

Polystyrene / Styrenics 
Polystyrene Good Good Fair No No 

ABS Good Good Good Yes No 
SAN Good Good Good No Yes 
ASA Good Good Good No No 

MABS Good Good Good Yes Yes 
SBC Good Good Good Yes Yes 

Acrylics Good Good Fair Yes No 
Polycarbonates Good Good Good Yes No 

High-Heat 
Polycarbonates Good Good Poor Yes No 

Polyurethanes Good Good Poor Yes Yes 
Acetals Good Poor Poor Yes No 
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Polymer Ethylene 
Oxide Radiation Diluted Acid Biocompatible Non-Rigid 

Polyamides 
Nylon 6, 
Nylon 66 Good Fair Poor Yes Yes 

Aromatic Good Good Good Yes Yes 
Nylon 12, 10, 

6/12 Good Fair Poor Yes Yes 

Polyesters 
PBT Good Good Good No No 
PET Good Good Fair Yes No 

Copolyesters Good Good Poor Yes No 

High-Temperature Thermoplastics 
Polysulfones Good Good Good No No 

PPS Good Good Fair Yes No 
LCP Good Good Good No No 
PEI Good Good Fair Yes Yes 
PAI Good Good Good No No 

PEEK Good Good Good Yes No 

Fluoropolymers 
PTFE Good Poor Good Yes Yes 
FEP Good Fair Good Yes Yes 
PFA Good Good Good Yes Yes 

ECTFE/ETFE Good Good Good Yes Yes 
PVF/PVDF Good Good Good Yes No 

Elastomers 
Silicones Good Good Good Yes Yes 

TPU Good Good Poor Yes Yes 
TPC Good Good Poor Yes Yes 
TPA Good Good Good Yes Yes 
TPS Good Good Good Yes Yes 
TPO Good Good Good Yes Yes 
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Polymer Ethylene 
Oxide Radiation Diluted Acid Biocompatible Non-Rigid 

Biopolymers 
PLLA Good Good Good Yes Yes 
PLA Good Good Good Yes Yes 
PHB Good Fair Good Yes Yes 
PGA Good Good Good Yes Yes 
PLGA Good Fair Good Yes Yes 
PCL Good Good Good Yes Yes 

Thermosets Good Good Good Yes No 
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13.0 Appendix D: Technical Drawings 

The complete set of technical drawings for the final brachytherapy applicator device are             

included below. In all drawings, the dimensions are in millimeters unless stated otherwise. 
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14.0 Appendix E: Radiation Analysis 

Below are the outputs of our MATLAB code demonstrating the radiation dose profiles             

around a modelled esophagus. In order, these show dose profiles due to Inverse Square Law of                

Radiation alone, Beer’s Law before silver addition alone, Beer’s law after silver addition alone,              

the final combined dose profile before silver addition, the final combined dose profile after silver               

addition, and for comparison, the final dose profile of the predicate device. 
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Final Radiation Dose Prediction at Tissue 
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15.0 Appendix F: Device Cost Analysis 
 

Key 
Cost of medical-grade materials + 

production 
Cost of medical-grade materials 

 

Part 
Number Document Description QTY Weight 

[g] 

Weight 
Cost 

[USD/g] 

Unit Cost 
[USD] 

Total Cost 
[USD] 

100100 Applicator  

100101 Outer 
Housing 

Low Density 
Polyethylene OD 0.65 

cm, ID 0.55cm and 
length of 55 cm 

1 19.0 $ 0.009 $ 0.177 $ 0.177 

100102A-
C 

Inner Seed 
Channels 

Polyurethane OD 0.20 
cm, ID 0.185cm and 

length of 55 cm 
3 5.3 $ 0.010 $ 0.051 $ 0.153 

100103 Guidewire 
Channel 

Polyurethane OD 0.13 
cm, ID 0.10cm and 

length of 66 cm 
1 9.7 $ 0.010 $ 0.094 $ 0.094 

100104A-
B 

Radiopaque 
Ink 

Lines every 5 cm on the 
outer housing 11 - - - $3.00 

100105 
Inner Seed 
Channel 
Labels 

Numbers indicating the 
inner channels 3 - - - $0.54 

100106 Beveled End 
Tip 

Thermoplastic 
polyurethane injection 

modeled seal at proximal 
end of applicator. 

Rounded cone with 
diameter 0.65cm and 

length 1.0cm  

1 0.26 $ 0.010 $ 0.003 $ 0.003 

100107 Top Seal 

Low Density 
Polyethylene injection 
modeled. Frustum with 

distal diameter 0.85 mm, 
proximal diameter 1.0 
cm and length 3.0 cm 

1 2.69 $ 0.009 $ 0.026 $ 0.026 

100109 Adhesive Adhesive to hold 3 - - $ 0.219 $ 0.657 
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Transfer 
Tape 

467MP 

circumferences of 
Channel and Catheter 

Holder to outer housing 
100200 Stabilizing  

100201A-
F 

Medical 
Grade 

Balloons 

Polyethylene 
Terephthalate OD 2.5 cm 

and length 2.5 cm 
6 - - $ 18.000 $ 108.000 

100202A-
F 

Balloon 
Catheters 

Polyurethane OD 0.05 
cm, ID 0.03 cm and 

length of 75 cm 
6 2.1 $ 0.010 $ 0.020 $ 0.120 

1002003A-
D 

Balloon 
Catheter 
External 
Housing 

Polyurethane OD 0.20 
cm, ID 0.12cm and 

length of 40 cm 
4 3.9 $ 0.010 $ 0.038 $ 0.152 

100204A-
D 

Luer-Lock 
Valves Polycarbonate 4 - - $ 1.090 $ 4.360 

100205 Balloon 
Labels 

Numbers indicating the 
corresponding balloons 6 - - - $ 1.080 

100300 Adapter 
Subsystem  

100301A-
C 

6-French 
Catheters 

Polyurethane OD 0.20 
cm, ID 0.12cm and 

length of 40 cm 
3 3.9 $ 0.010 $ 0.038 $ 0.114 

100400 Shielding 
Subsystem  

100401 Silver 

12µm silver coating on 
240 degrees of OD 

0.20cm seed channel 
along a 15.6cm length of 

treatment area 

6 - - $ 0.067 $ 0.402 

Total Device Cost per Unit $ 118.95 
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16.0 Appendix G: Acceptance Test Data Sheets 

Acceptance Test Data Sheet 

Analysis Referenced (for verification by T/A):  Test 

Name of Test: Applicator Flexibility Test 
Unit Under Test (UUT): 

Name: Applicator Assembly (100100-100400) 

Results (Pass / Fail): Pass Date of Test: April 9th, 2020 

Recording of 
Test 
Measurement: 

Requirement (SRD, with 
Tolerances): 
 
Flexibility must be equal 
to the predicate device 

with a maximum 
difference of 10% 

allowable. 

Test Equipment Error: 
N/A 

Adjusted Test 
Limit: 

 

Trial Number (Predicate Device) Displacement (cm) 

1 2.6 

2 2.6 

3 2.6 

Average 2.6 
 

Trial Number (Device Prototype) Displacement (cm) 

1 2.3 

2 2.3 

3 2.4 

Average 2.33 
 

Signatures: 

Tester ____ __________ 
 
Customer ___________________________ 

 
\ 



43 

Acceptance Test Data Sheet 
Analysis Referenced (for verification by T/A): Test 

Name of Test: Safe Operation Test 
Unit Under Test (UUT): 

Name: Applicator Assembly (100100-100400) 
 

Results (Pass / Fail): Pass Date of Test: April 21st, 2020 

Recording of Test 
Measurement: 
 
 
 
 
 
 

Requirement (SRD, 
with Tolerances): 
 
Prototype must not 
move more than 1cm 
for 3 trials by hanging 
a weight of 75g from 
its center. 

Test Equipment 
Error: N/A 

Adjusted Test Limit: 
N/A 

 
Trial Number Displacement (cm) 

1 0.0 

2 0.0 

3 0.0 

Average Displacement 0.0 
 
Signatures: 

Tester                             _ 
 
Customer ___________________________ 

 

 

 


