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STATEMENT OF WORK 

Executive Summary: 

The purpose of this document is to provide a product development summary for an 
accessory device that joins an esophageal temperature probe and a mapping catheter together 
to be used during cardiac ablation. Catheter ablation therapy is performed in the left atrium, 
utilizing extremely hot or cold temperatures to create scar tissue and treat atrial fibrillation and 
other arrhythmias. The close positioning of the left atria adjacent to the esophagus presents a 
large risk as the extreme temperatures used during ablation can lead to esophageal damage or 
fistulas. This device is designed to integrate correlate data from the temperature probe with the 
esophageal mapping catheter position in order to monitor esophageal temperature and create a 
map for use in catheter ablation.  

This document contains an overview of the development for this product. The document 
comprises the following sections: Introduction, Background, Objectives, Customer Requirements, 
Design Specifications, Project Management, Prototype Manufacturing Plans, Test Plans, 
Discussion, and Conclusions.  

Introduction:  

During atrial fibrillation procedures, radiofrequency catheter ablations and cryoablations 
can result in damage to the esophagus due to high or low temperatures. The goal of this project 
is to design a sheath that fixes esophageal mapping and temperature monitoring catheters 
together and is intended to be placed down the esophagus during ablation procedures. The 
integrated catheters will have both mapping and temperature monitoring capabilities in order to 
decrease esophageal damage. Cardiac electrophysiologists will benefit from this product due to 

its efficiency, accuracy, and its risk prevention for patients.  

Background:  

 Current means of temperature mapping and monitoring of the esophagus consists of using 
x-ray, and temperature probes. Additionally, some physicians tape or tie a temperature probe to 
a mapping catheter. Customers would prefer to have a device that combines both mapping and 
temperature monitoring capabilities simultaneously. This would increase temperature 
measurement accuracy, as well as being less time and labor intensive. Other customer 
requirements include, device compliance with current catheter ablation, accurate temperature 
measurements, no interference with mapping capabilities, no irritation to the esophageal tissue, 
biocompatibility, short set up time, low cost, and ease of operational deployment. 

 There are currently no competitors of our exact design plan, however there are a few other 

devices that have similar capabilities.  
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Table 1. Competitor or Similar Product and Functions 

Name of Product Product Capabilities 

St. Judeôs Esophageal Mapping 
Catheter  

Esophageal mapping abilities 

Philips Esophageal Temperature 
Probe 

Esophageal temperature monitoring abilities 

Johnson & Johnson Qdot Ablation abilities with four second temperature-controlled 
system 

X-Ray Esophageal mapping abilities 

Circa S-Cath Hot and cold esophageal temperature monitoring using 12 
temperature sensors 

 

Table 2. Related Patents and Patent Applications with Product Capabilities. 

Patent Title Product Capabilities 

Temperature probe for insertion into the esophagus Monitors esophageal 
temperature 

Esophageal Mapping Catheter Maps the esophagus 

Methods and systems of temperature-based alarms, 
esophageal cooling and/or automatic interrupt (shut-off) during 
a cardiac ablation procedure 

Automatic cooling or shut off 
during ablation procedure 

Systems, methods and devices for the prevention of 
esophageal fistula during catheter ablation 

Preventing esophageal fistula 
during catheter ablation 

Combined esophageal temperature monitor and pacing device Monitors esophageal 
temperature as well as pacing 
abilities 

 

 According to an article about the use of luminal esophageal temperature monitoring, only 
using a luminal esophageal temperature probe has not proved to be effective in decreasing 
esophageal damage [6]. This article suggests that the placement of the probe is extremely 
important, as well as combining real-time esophageal imaging in order to successfully decrease 
injury to the esophagus. Another study revealed that the location of the esophagus in relation to 
the left atrium has a large effect on potential esophageal damage during procedures [7]. This 
suggests that it may be important to analyze the position of the esophagus of the patient before 
procedures.  
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A different study reveals that 14.6% of left atrial ablation procedure patients ended up with 
esophageal thermal lesions [5]. Another article suggests that there is a higher risk for esophageal 
damage when the ablation patient has been given general anesthesia rather than conscious 
sedation [2]. A different article suggests a few different ways to prevent esophageal damage 
during ablation procedures [1]. These strategies include avoidance of ablation near the 
esophagus, titration of RF delivery at the posterior left atrium, and alternative ablation methods.  

 Industry regulation of esophageal catheters require either a non-sterile or sterile device, 

with a maximum size of 20 F, and a maximum length of 150 cm.  

Objectives: 

 Esophageal damage is a common side effect to atrial fibrillation ablation procedures. An 
esophageal catheter with combined mapping and temperature monitoring capabilities would be 
of great use to cardiac electrophysiologists in order to prevent esophageal damage.  

 This project consists of using a silicon rubber sheath to combine well established mapping 
catheters with pediatric esophageal temperature probes in order to correlate temperature 

measurements with locations on a 3D esophageal map. 

 Our primary customers, cardiac electrophysiologists, would prefer to have a device that 
has both mapping and temperature monitoring capabilities combined on one catheter. While this 
project does not entail creating a singular device with both capabilities, physicians will still easily 
be able to correlate the temperature with the position data to avoid damage to the esophagus. 
This would give much more accurate measurements, as well as being less time and labor 
intensive. Anesthesiologists would appreciate an ease of operational deployment during the 
procedure due to the fact that they will be administering the device.  

Table 3. Customer Requirements 

Customer Requirements Importance  

No damage to esophagus 30% 

No loss of device in esophagus 25% 

Accurate temperature measurements 15% 

No interference with mapping electrodes 10% 

Short setup time  10% 

Comparable to current catheter use 5% 

Cost 5% 
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Table 4. Updated Engineering Product Specifications.  

Sheath Length 18 cm ± 2 cm 

Sheath Inner Diameter  4.75 mm ± 0.5 mm 

Overall Sheath Thickness 0.45 mm ± 0.2 mm 

Temperature Range  18-40°C (safe between 20°C and 38°C) 

Temperature Interpolation Accuracy  ±0.1°C within 20°C - 38°C range 
± 0.2°C outside 20°C - 38°C range 

 

The esophageal probe and the mapping catheter diameters will be measured in mm which 
will then be converted to the French catheter scale. Thermistor temperature range will be 
measured by interpolation accuracy.  

 Overall sheath thickness could be a high-risk specification depending on the size of the 
patient. This device should be available for use to a patient of any age and size, and the risk of 
esophageal damage from the catheter, probe, and sheath would increase due to larger 
thicknesses. Our thickness specification of 0.45 mm ± 0.2 mm is justified due to tensile and 
temperature testing at minimum and maximum thicknesses. Functionality of the sheaths was not 
affected due to different thicknesses within this specification. Temperature interpolation accuracy 
is another high-risk specification. If the thermistor does not detect accurate measurements, the 
physician will not know to stop ablating, or to move the ablations thus increasing the risk for 

esophageal damage.  

Project Management: 

 For our design process, we will be starting with product discovery. We have established 
the needs of the customer for our product. Following product discovery comes project planning. 
Project planning involves allocation of money, people, and equipment. Our team of three students 
was created, and a schedule of tasks has been developed as well as an estimated budget. 
Product definition is the next stage of the design process, which includes research to understand 
the problem, defining customer requirements, evaluating competition, and establishing 
engineering specifications. The next stage is conceptual design where a functional model of the 
product will be created. Then, product development will occur where the best concepts that fit all 
the requirements and specifications will be turned into actual products. The final product will then 
be released for production. Product support is the final phase of the design process. Support to 
vendors is required, as well as managing changes that need to be made to the product.  
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Table 5. Key Deliverables 

Decreased esophageal damage 

Integrated temperature probe and mapping catheter body 

No loss of device in esophagus 

Real time accurate temperature recording 

 

Figures 1A and 1B demonstrate our PERT Chart. The key featured tasks from the first half 
of the project include: Conceptual Modeling, FMEA, Hazards and Risk Assessment, and a Critical 
Design Review. The key featured tasks from the second half of the project include: Ethics 

Reflection, Functional Prototype, Prototype Demonstration, and a Design Review.   

VI. Conclusion:  

The purpose of this project is to design an accessory that integrates a mapping catheter 
and an esophageal temperature monitoring probe into a single unit that is intended to be placed 
down the esophagus during ablation procedures. This enclosement will allow for the utilization of 
the Abbott EnSite Precision Mapping system in order to produce an esophageal map with real-
time temperature recording.   

The next project deliverable would be developing a prototype and proving device safety 
though testing. This includes making the sheath thin so that the sheath combined with the catheter 
and probe fit the requirement of being under 20F for easy deployment into the esophagus.  
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Network Diagram 

 

 

 
Figure 1. The project PERT chart for Fall Quarter of 2019. The critical path is highlighted in red with the corresponding tasks. The 

tables on the top shows each of the corresponding tasks demonstrated in the numbered boxes in the flow chart. 
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Figure 2. The project PERT chart for Winter Quarter of 2019. The critical path is highlighted in red with the corresponding tasks. 

The tables on the top show each of the corresponding tasks demonstrated in the numbered boxes in the flow chart. 
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Indications for Use 

The esophageal temperature mapping and monitoring sheath is intended to fix pre-existing 
temperature probes and cardiac mapping catheters together. These integrated devices are to be 
placed down the esophagus during cardiac radiofrequency ablations or cryoablations in order to 
map and monitor temperatures of the esophagus to decrease esophageal damage. This device 
is designed for use with esophageal temperature probes of 12F diameter and cardiac mapping 
catheters of 4F diameter. The overall combination of catheter, probe, and sheath diameter should 
not exceed 20F. The combination of devices is intended for people of all ages, weights, and 

degrees of health. 

Budget 

Table 6. Items Purchased and Purchase Price 
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Total Available Market 

¶ There is a total number of 50,000 Atrial Fibrillation (AF) catheter ablation procedures that 
occur annually in America [8][9].  

¶ At an average cost of $30 per sheath in a procedure, the estimated total available 

market is 1.5 million dollars.  

Competitive Advantage Matrix  

Table 7. Competitive Advantage Matrix 

 
 

Factor Esophageal 
Mapping 
Catheter  

Esophageal 
Temperature 
Probe 

Esophageal Temperature 
Mapping and Monitoring 
Catheter Connected Via Sheath 
Structure  

Price $1200 $300 $1800 

Function Only maps 
esophagus 

Only monitors 
esophageal 
temperature 

Has both mapping and temp 
monitoring abilities 

Temperature 
Accuracy 

None +/- 0.1-0.2 ᴈ +/- 0.1-0.2 ᴈ  

Integrated with 
Abbott system 

Yes No Yes 

FDA cleared Yes Yes No 

Number of uses One-time use One-time use One-time use 
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Intellectual Property Assessments     

Issued Patents:  

US8224422B2 - Esophageal mapping catheter 

¶ Inventor: Brian Mottola, Martin F. O'Sullivan, Sue-Lynn WuCurrent  

¶ Assignee Biosense Webster Inc 

US7819817B2 - Temperature probe for insertion into the esophagus 

¶ Inventor: Norbert Rahn 
¶ Current Assignee: Siemens Healthcare GmbH 

US9033968B1 - Methods and systems of temperature-based alarms, esophageal cooling and/or 
automatic interrupt (shut-off) during a cardiac ablation procedure 

¶ Inventor: Birinder Robert Boveja, Peter D. Chapman, Angely Widhany 
¶ Current Assignee: American Medical Technologies LLC 

Patent Applications:      

WO20190247139: SYSTEM(S), METHOD(S) AND DEVICE(S) FOR THE PREVENTION OF 
ESOPHAGEAL FISTULA DURING CATHETER ABLATION      

WO20160184588: Combined Esophageal Temperature Monitor and Pacing Device 

WO20170319076: SYSTEMS AND METHODS FOR INTRACAVITARY TEMPERATURE 
MEASUREMENT AND MONITORING 

Claims of Issue: 

US8224422B2 Claim 1: A method for controlling an ablation of cardiac tissue using information 
regarding tissue temperature at various locations of an esophagus of a patient using an 
electroanatomic mapping system, utilizing coils that can generate an electrical signal in 
response to a magnetic field.     

Design Change: Utilizing thermistors attached to catheter to generate electrical signals that can 

be utilized to measure temperature      

US7819817B2 Claims 1 & 6: ñ1. A temperature probe that inserts into an esophagus of a patient 
for protecting the esophagus in a medical procedure, comprising: a catheter; a balloon disposed 
on the catheter; a plurality of temperature sensors disposed on an outer skin of the balloon that 
monitor the temperature of the esophagus; a plurality of cables connected to the catheter at 
different points along a periphery and along a length of the catheter that moves the catheter to 
change a position of the esophagus in a body of the patient according to the monitored
 temperature; and a plurality of position sensors disposed on the outer skin of the balloon 
to determine a position of the temperature probe, wherein both the temperature sensors and the 
position sensors are attached to a mesh enclosing the outer skin of the balloon; wherein upon 
the balloon being supplied with air to an inflated position, the plurality of temperature sensors 
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and the plurality of position sensors are attached to the mesh in an alternating arrangement in 
which each temperature sensor is positioned adjacent to one of the position sensors and each 
position sensor is positioned adjacent to one of the temperature sensors. 6. The temperature 
probe as claimed in claim 1, wherein the balloon is inflated by a gas after inserting into the 
esophagus so that the temperature sensor contacts with an inside wall of the esophagus.ò 

Design Change: Utilizing different method than a mesh lattice to attach the temperature sensors 
to the head of the catheter device. The existing thermistor will now be used.    

US9033968B1: Claim 1 A method of interrupting energy delivery during an atrial fibrillation 
ablation procedures, comprises the steps of: providing an esophageal temperature sensing 
means for a patient, providing a computer comprising a processor and software configured and 
programmed for detecting at least one predetermined event(s) based on said esophageal 
temperature and capable of activating an energy delivery interrupt means, wherein the software 
is incorporated in an electrophysiology monitoring/recording system which may be one of GE's 
CardioLab® system, St Jude's EP Workmate® systems, CR Bard's LabSystemTM PRO or any 
FDA approved cardiac monitoring/recording system, defining limits of said at least one 
predetermined event(s), wherein said at least one predetermined event(s) comprises the 
operator selected predetermined esophageal temperature level(s), detecting said at least one 
predetermined event(s) by said software, and initiating automatically said energy delivery 
interrupt means whereby energy delivery is interrupted during a cardiac ablation procedure.  

Design Change: Removing the energy delivery shut off capability. Sponsor has had issues with 
previous devices that utilized energy delivery interruption due to waiting time necessary for 
temperature change to allow for energy delivery to be restored to the system.    

WO20160184588: ñ5. The esophageal probe of claim 1, wherein the temperature sensor 
comprises two or more temperature sensors. 6. The esophageal probe of claim 1, further 
comprising a circuit coupled to the temperature sensor and the pair of pacing electrodes and 
configured to isolate the pair of pacing electrodes in response to a temperature measured by 
the temperature sensor exceeding a high-temperature threshold. 7. The esophageal probe of 
claim 1, further comprising a circuit coupled to the temperature sensor and the pair of pacing 
electrodes and configured to isolate the pair of pacing electrodes in response to a temperature 
measured by the temperature sensor falls below a low-temperature threshold.ò    

Design Change: An existing single point temperature probe thermistor will be used. Additionally, 

the device will not be connected to any pacing devices. 

WO20170319076: Claim 1: A system for intracavitary tissue measurement and monitoring, the 
system comprising: an introducer device configured to be positioned adjacent to an intracavitary 
tissue, the introducer device comprising: a catheter shaft having a distal end, a longitudinal axis, 
and a lumen extending therethrough, the catheter shaft having an opening at the distal end 
along the longitudinal axis such that at least a portion of the lumen is exposed; a circuit board 
having an array of infrared sensors disposed thereon, the circuit board disposed within the 
lumen of the catheter shaft proximal to the opening at the distal end, the array of infrared 
sensors having circuitry configured to generate a signal indicative of temperature of the 
intracavitary tissue; and an expandable structure formed from an infrared transmissive material 
and disposed on the distal end of the catheter shaft to surround the array of infrared sensors 
and to provide a field of view through the opening; and a non-transitory computer readable 
media having instructions stored thereon, wherein the instructions, when executed by a 
processor operatively coupled to the circuit board, cause a graphical user interface to display 
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information indicative of temperature of the intracavitary tissue based on the signal from the 
array of infrared sensors.    

Design Change: There is no longer a need to add a circuit board. Existing products will now be 
utilized by placing a sheath accessory device around them to create a single unit that is able to 
be manipulated together.    

WO20190247139: No Issues of Claim 

Device attempting to prevent esophageal fistula via creating gas insulation layer between left 

atrial portion of the heart and the esophageal. 

Conjoint analysis 

The following conjoint analysis results were brought from an exercise with the senior project 
class.  

 

Figure 3. Excel sheet of conjoint analysis exercise 

¶ Due to a P-Value less than .05, price is the only factor that matters to the consumer.  
¶ The high coefficient for the factor of price represents the importance of that factor over 

the other factors.  

 




























































































