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¢ Disinfect wounds without antibiotics?
* No harming tissue or causing pain?

* No resistant strains, spores or biofilms?

* Enhance healing at the same time?
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COLD PLASVIA




What is a Plasma?

4th State of Matter

PHASES OF MATTER
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Liquid Gas Plasma
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www.nasa.gov/mission_pages/themis/auroras/sun_earth_connect_prt.htm
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" Man-Made Plasmas



http://picsdigger.com/image/f31be9b5/
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Non-Thermal Plasmas

e Active gaseous medium — contains ions, free radicals,
excited atoms & molecules, UV radiation

e Cold Plasma — used safely at room temperature &
atmospheric pressure

www.pulsedpower.eu/plasma_medicine.html
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How are Plasmas Generated?

Strip electrons

Energy Source + Gas ----> Plasma

Extreme heat
Laser light
Electrical current
Microwaves
Radio frequency

Air Mixture -
Nitrogen Electrons
Oxygen Positive ions
Noble gases

Water vapor
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Nonthermal Plasma Devices
New Journal of Physics

New J. Phys. 11 (2009) 115012
doi:10.1088/1367-2630/11/11/115012

Plasma medicine: an introductory review

M G Kong?!, G Kroesen?, G Morfill3°>, T Nosenko3#, T Shimizu3, J van Dijk? and J
L Zimmermann3-4
1 Loughborough University, Loughborough LE11 3TU, UK
2 Eindhoven University of Technology, 5600 MB Eindhoven, The Netherlands
3 Max Planck Institut flr extraterrestrische Physik, D-85748 Garching, Germany
4 Institut flr Allgemeine Pathologie und Pathologische Anatomie, Technische
Universtitat MUnchen,

D-81675 Munich, Germany


http://iopscience.iop.org/1367-2630
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Dielectric Barrier Discharge (DBD)

Treatment Target
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FE-DBD Insulated Electrode

Gary Friedman & Alex Fridman, Drexel University, Philadelphia, PA



Helium




P
Plasma Jets
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Mounir Laroussi,
Old Dominion University, Norfolk, VA



Pulsed Spark-based Plasma

Valery Gostev,
Petrozavodsk State University, Russia




Biomedical Significance
® Sterilization equipment & implants
® Post-op application
® Battlefield wounds
® Oral surgery
® Disinfection of infected wounds

® Drug delivery system

® Blood coagulation
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http://sites.google.com/site/plasmamed/plasma-medicine-journal/Inaugural_Issue_flyer.jpg?attredirects=0

Hand sanitizer

Gregor Morfill, Max-Planck Institute, Germany

www.physicsworld.com/cws/article/news/41072
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Mechanism of Action

e UV Radiation
® Reactive oxygen species
® Reactive nitrogen species

e Composition varies — dependent on plasma generating
method & starting medium
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Pulsed Spark-based Plasma

Plume Characterization



Soot Patterns

Micropore optical
cleaning cloth
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Evidence of Atomic oxygen (singlet oxygen)
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Ultraviolet radiation in the UVC wavelength range
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Nitric Oxide Measurement
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Results Summary

® |ons and/or electrons — no net charge

® Visible light radiation + - not bactericidal
® Ultraviolet radiation + - bactericidal

® X-ray radiation

® Atomic oxygen

® Ozone + 0.05 ppm

® Nitric oxide +~ 220 ppm

Results generated bK/IBruce Banks (NASA, retired) with
assistance from AGMC.



Bactericidal Experiments
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Treatment of Bacterial Suspensions
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Agar Plates (Diameter

Bacteria streaked on TSA plates, treated and incubated




Diameter of Treatment Zones Induced by NT Plasma
Treatment of Various Species @ Starting Concentration
of 3.07 CFU/mL (3-20-10)

15 Seconds

30Seconds

60 Seconds

120 Seconds

M S. aureus

M S. pyogenes

W P.aeruginosa
M K. pneumoniae

mE. coli
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Depth of Penetration as a Function of Nonthermal
Plasma Treatment in 3.0 CFU/mL of S. aureus (n=4)

15 Seconds

30 Seconds 60 Seconds
Plasma Treatment Time

120Seconds

Depth of Penetration (cms)

Depth of PEnentration (cm)

Depth of Penetration as a Function of Nonthermal Plasma
Treatmentin 3.0° CFU/mL of S. pyogenes (n=4)

15 Seconds 30 Seconds 60 Seconds 120 Seconds

Plasma Treatment Time

Depth of Penetration as a Function of Nonthermal
Plasma Treatment in 3.0° CFU/mL of P. aeruginosa (n=4)

15 Seconds 30 Seconds 60 Seconds 120 Seconds

Plasma Treatment Time
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Agar Penetration

S. aureus suspended in TSA & layered on MSA




In Vitro Cell Experiments
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Human Dermal Fibroblasts
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NT CM Exp Averages

20 Seconds

15 Seconds
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Clinical Case Studies
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Diabetic fgot

Diabetic foot with gangrene
*Below-knee amputation indicated

«Conservative operation (heal-saving) was
performed

- Application of cold plasma to the wound
surface began right after surgery

*NoO antibiotics or other treatment were used



Granulation — 7" day  Epithelization — 100 day Full Healing — 18t day

*Cold Plasma treatment allowed leg-preserving amputation

» Healing 20 days earlier than in cases with standard treatment
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acterial Ulcerated Cornea Lesions
L \ 3 s ™

Before Treatment

Application of Cold
Plasma

After Treatment
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Plasma Medicine
An exciting new tool for
wound healing
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