
Proof of Feasibility
Temperature control for 5L blood-substitute (22% glycerin and water solution)
•	 Cooling: 37°C to 18°C[9]

•	 Heating: 18°C to 37°C
•	 Flow rate: 2.2L/min
•	 To reduce damage to blood:

•	 Gradual temperature changes desired
•	 Medical grade PVC tubes used 

Problem
•	 A Cardiopulmonary Bypass (CPB) machine is a device that 

temporarily takes over the functions of the heart and lungs during 
surgery to enable the surgeon to work on the heart or lungs more 
effectively

•	 	Used for 378 thousand cardiothoracic surgeries in US in 2014

•	 Heater-Cooler Device (HCD) is used in conjunction with the CPB 
machine to control blood temperature during surgery

•	 Cool patient down (induce hypothermia) at start to slow down 
metabolism

•	 Heat patient back up to body temperature at end

•	 M. chimaera is a strain of nontuberculous bacteria that is transmitted 
to surgery patients via the HCD

•	 Symptoms (fatigue, fever and weight-loss) are non-specific yet 
devastating

•	 M. chimaera is water-borne and resistant to sterilization efforts

Problems associated with HCD use
•	 Infection risk from M. chimaera is high 
•	 Usability issues cited by perfusionists: non-intuitive buttons and 

generic alarm bells
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Future Work
•	 Computer programming to fully integrate the user interface with the heating/

cooling circuits
•	 Implement feedback loop for temperature control
•	 Develop a draining system to return residual blood within the tubes back to the 

patient

References
1. Statista - The Statistics Portal. (n.d.). Cardiovascular surgeries number North America 2007-2021. [online] Available at: https://www.statista.com/statistics/647958/cardiovascular-surgery-north-america-numbers/ 
[Accessed 5 May 2019].
2. Sommerstein R, Rüegg C, Kohler P, Bloemberg G, Kuster SP, Sax H. Transmission of Mycobacterium chimaera from Heater-Cooler Units during Cardiac Surgery despite an Ultraclean Air Ventilation System. Emerg 
Infect Dis. 2016;22(6):1008–1013. doi:10.3201/eid2206.160045
3. Jarashow MC, Terashita D, Balter S, Schwartz B. Notes from the field: Mycobacteria chimaera infections associated with heater-cooler unit use during cardiopulmonary bypass surgery - Los Angeles County, 2012-
2016. American Journal of Transplantation. 19(2):601-602. doi:10.1111/ajt.15249.
4. O’Neil CR, Taylor G, Smith S, et al. Mycobacterium chimaera Infection After Aortic Valve Replacement Presenting With Aortic Dissection and Pseudoaneurysm. Open Forum Infect Dis. 2018;5(2):ofy018. Published 
2018 Jan 24. doi:10.1093/ofid/ofy018
5. Argyris Michalopoulos, Stefanos Geroulanos, Evangelos S. Rosmarakis, Matthew E. Falagas; Frequency, characteristics, and predictors of microbiologically documented nosocomial infections after cardiac surgery, 
European Journal of Cardio-Thoracic Surgery, Volume 29, Issue 4, 1 April 2006, Pages 456–460, https://doi.org/10.1016/j.ejcts.2005.12.035
6. Ogunremi T, Taylor G, Johnston L, et al. Mycobacterium chimaera infections in post–operative patients exposed to heater–cooler devices: An overview. Canada Communicable Disease Report (CCDR). 
2017;43(5):119-126. doi:10.14745/ccdr.v43i05a05f.
7. Fallen D. HCD use in industry. November 2018.
8. Gil, B. HCD use in the hospital. January 2019.
9. Conolly, S., Arrowsmith, J E., Klein, A A. Deep hypothermic circulatory arrest. OUP Academic. https://academic.oup.com/bjaed/article/10/5/138/274654. Published July 30, 2010. Accessed May 5, 2019.
10. Durable Medical Equipment Coverage. Durable Medical Equipment Coverage. https://www.medicare.gov/coverage/durable-medical-equipment-dme-coverage. Accessed March 2019.
11. Insights https://www.coherentmarketinsights.com/ CM. Cardiopulmonary Bypass Equipment Market - Size, Share, trends, and Forecast to 2026. Coherent Market Insights. https://www.coherentmarketinsights.
com/market-insight/cardiopulmonary-bypass-equipment-market-2026. Accessed October 2018.

Acknowledgements
We would like to thank the Undergraduate Research Office and the Biomedical 
Engineering Department for funding our project. We would also like to thank course 
staff Dr. Conrad Zapanta and Erica Comber for overseeing our progress and advising 
us, PhD candidate Edgar Mendoza for his technical advice in mechanical engineering, 
and external advisors Mr. William Gil, Mr. David Fallen, and Dr. Peter Arlia for their 
technical expertise and industry insight. 

Reimbursement, Patents, Market 
Analysis, and Cost
Reimbursement
•	 Likely to be covered by medicaid/medicare as the major parts of 

the device is durable, according to the durable medical equipment 
coverage[10]

Market Analysis 
•	 Global Cardiopulmonary Bypass Equipment Market by product type 

valued at US$11.3 million in 2017[11]

•	 Projected compound annual growth rate = 1.2%[11]

Manufacturing Costs:
•	 Cost = $55 USD for warming and cooling hardware and essential 

functionality  
•	 Cost likely to increase with further development (user panel 

electronics, software, etc.)
•	 Expected to be cheaper compared with new commercial HCDs at 

~$10,000 USD[7]

•	 Costs born by hospitals, is a long-term investment as our device can 
be reused multiple times

50%
M. chimaera fatality 
rate

50k–210k
patients at risk of contracting this infection annually

An augmented user 
interface with an LCD 
touchscreen

Cooling
•	 0.75L aluminum beads as ice-substitute
•	 Length of tube: 78.5 in
•	 Surface area for heat exchange: 92.5 in2

•	 Average cooling rate in first 30 min = 
-0.14°C/min

•	 same rate as ice cooling
•	 Estimated frequency of replacement =  

every 30 minutes

Heating
•	 Heat source: commercial heating 

element
•	 Length of tube: 99 in 
•	 Surface area for heat exchange: 117 in2

•	 Average heating rate = 0.37°C/min
•	 ~50 minutes to heat from 18°C to 37°C

Proposed Solution 
A waterless heat exchanger to reduce infection risk by eliminating mode of transmission. 
•	 Temperature control achieved by: A) Metal bead bath cooling   B) Thermoelectric Heating
•	 Size of HEX comparable to commercial HCDs at ~8500 in3
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FIG 1. Overall Schematic of how an HCD works in conjunction with a CPB and how our device integrates with a CPB.

FIG 2. Heating Circuit Diagram. FIG 3. Cooling Unit Diagram. FIG 4. Overall Circuit Diagram.

FIG 6. Control panel with normal status.

FIG 9. Experimental data from cooling trials.

FIG 10. Experimental data from heating trials.

FIG 7. Control panel with warning status.

FIG 5. Housing.


