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Executive Summary Experimental Setup Experimental Results
Design Rationale : Improve smoke capture directly at the source

while addressing surgeon concerns about tubing drag and loss of . L
Dallas, we developed an ergonomic electrocautery & & g g Capture Velocity Test AORN target of 100—150 ft/min minimum

pen with integrated smoke evacuation to address control. Optimize nozzle geometry to improve

the health risks of surgical smoke while improving “ Nozzle Tip Test airflow through the pen tip

surgeon.c,iontrol. Existing systems are often. , , Modeled after the Neptune Stryker pencil to preserve familiar Noise Level Test Target: <45 dB
underutilized due to poor ergonomics, tubing drag, Design Basis _ , ,
size, grip, and workflow for surgeons. Ergonomics Test Target: 24/5

and workflow disruption.
Enlarged internal lumen to improve airflow, reduce resistance,
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Pen Modification 1

Our deS|gn maintains the famlllar fOrm Of the Stryker and Iower nOise While maintaining Similar eXternaI geomEtry- Capture Velocity at High Flow Rate Setting Sound Output Across Flow Rates (Outliers Removed)

electrocautery pencil while introducing key ben Modification 2 Custom ball-joint swivel with barbed tubing connection to 2 PSSO
11 1 1 1 : en odalTication . . . . 150 Y

modifications, including an enlarged internal lumen reduce tubing-induced torque and improve maneuverability.

to improve airflow and reduce noise, and a custom

Polypropylene, supporting a lightweight disposable
design with PEEK near tip

sound Level (dB)

38

swivel mechanism to minimize tubing-induced Pen Material
torque and enhance maneuverability.
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Experimental testing demonstrated that the device
achieved AORN-recommended capture velocities
(100-150 ft/min) and maintained sound levels below

Sound output was evaluated across low, medium,
and high flow rate conditions. Outliers were
removed using the IQR method to eliminate
transient noise spikes. Results demonstrate a

mm tip demonstrated higher velocity with consistent increase in sound level with increasing

the 45 dB d cslgh thres hOId' while im proving overa ; Pen Body reduced variability. flow rate, while maintaining values below the 45
usabil Ity dB design requirement

Background Experimental Test Plan Conclusions
The proposed electrocautery pen successfully met key design requirements for

smoke capture, noise reduction, and ergonomic performance. Capture velocity

Capture velocity measured at high flow
rate (maximum suction). Values shown as
mean * standard deviation (n = 20). The 6

Electrocautery procedures generate surgical smoke

::)(r)n;czra]lircl|2§£aoir:;)su(svcggs)onoeln(t:s,C:inCcLurglr:it\i/:IatlIe Ca:otu.re Measulre alrflowkat the pen tip fPIace 1hot W|r.e anzmome(;er 2 inches testing confirmed compliance with AORN standards (100-150 ft/min), while
5 P  POYEYE velocity to evaluate smoke capture rom t © pe.n tipan r.ecor capture noise levels remained below the 45 dB threshold across operating conditions.
hydrocarbons (PAHs), ultrafine particles, and Test performance near the source velocity during operation

: . ) Ergonomic enhancements, including the swivel mechanism and optimized pen
biological material. These byproducts pose 5 5 P P

e , , Change nozzle tip dimensions in geometry, improved maneuverability and reduced tubing-induced torque.
significant health risks to both operating room staft Nozzle Evaluate airflow through SolidWorks, analyze airflow using These results demonstrate that effective smoke evacuation can be achieved
and Patients, with Cl.JmuIat.ive exposure linked to Tip three nozzle tip types of the  SolidWorks Flow Simulation, then without compromising surgical control or workflow. By maintaining a familiar
respiratory and carcinogenic effects. Test electrosurgical pen 3D print the selected electrosurgical pen form factor while addressing key usability challenges, this design provides a
Despite these risks, current smoke evacuation tip design practical solution to improve .adoptio-n of smoke evacuation §ystgms.
systems are inconsistently used due to limitations in Noise  Measure sound produced Use a smartphone decibel meter app, Future V-VOrk should fOFUS on |n.tegrat|ng. the e ectrocautery tip with the smo.<.e.
ergonomics and interference with surgical workflow. Level during operation at average place phone 2.5 ft from the pen, perform e\{acua’Florl system Whlle.ensurl-ng functlonallty, thermal safety, and compati 3||Ity

Test arm-length distance multiple trials, and average readings with existing electrosurgical units. We would like to thank our mentors, Stephen

Surgeons frequently report reduced control,

increased noise, and resistance from attached Evaluate comfort, grip, Have users complete the same brief task Van Noy and Dr. Jun Liao, as well as Children’s Medical Center of Dallas for their

Ergono i i i i
tubing, particularly in pediatric settings where mi:s maneuverability, and overall with tubing attached, then collect 5-point guidance, support, and collaboration throughout this project.

precision is critical. ot e.ase of handling during Likert scale ratings and calculate the References
simulated use average score
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