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Cold plasma –
innovation
for medicine

When ice and water are heated up – in other words, 

energy is supplied to them in the form of heat – they 

change their  state of aggregation: ice melts and wa-

ter evaporates.

It´s quite the same process when gas is transformed 

into plasma after energy is added.

Plasma thus describes the fourth high-energy state of 

matter in which gas is (partially) ionized. It is defined 

as cold or non-thermal if only a small increase in tem-

perature occurs during its generation and just normal 

ambient air pressure conditions are required1.

Figure 1: Plasma is a 4th aggregate state.
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The gas mixture that makes up the air we breathe in 

can be converted into plasma by adding energy.

This kind of plasma is called cold atmospheric plasma 

(CAP) and has properties that can be applied for the 

medical treatment of patients.2,3,10,17-23,24,25-28

Physically, CAP consists of free electrons and radicals, 

ions and excited molecules originating from a natural 

environment, the ambient air. Furthermore, electro- 

magnetic fields, visible and ultraviolet light as well as 

small amounts of heat radiation are produced when 

CAP is generated.1

Ions and electrons
N+, N2

+, N3
+, N4

+, O+, O2
+, NO+, NO2

+, H+, H2
+, H3

+, OH+, H2O
+, H3O

+, 
e-, O-, O2

-,O3
-, O4

-, NO-, N2O
-, NO2

-, NO3
-, H-, OH-

Reactive species
excited N2, excited O, H, N, O, excited O2, O3, NO, N2O, NO2, 
N2O3, N2O4, N2O5, H2, OH, HO2, H2O2, HNO, HNO2, HNO3

UV-radiation max. 0,00198 J/m² in 3 minutes (limit = 30 J/m² in a day)

Visible light purple glow

Heat ∆T = about 1°C/minute, always ≤40°C
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Cold atmospheric plasma (CAP) does not cause any 

unspecific cell damage due to its low temperature 

and therefore is generally suitable for medical appli-

cation.  

 

The exact properties of cold atmospheric plasma depend 

on how it is generated. 

The active components (reactive species) generated by 

cold atmospheric plasma can interact with cells in various 

ways. 

The effects are physical (e. g. recombination or de-exci-

tation of excited molecules/atoms at the surface) as well 

as chemical processes (e. g. hydrogen denaturation by 

reactions of hydroxyl radicals). 

As a consequence, the bacteria (prokaryotic cells) – or 

more precisely their cellular macromolecules (including 

DNA) are inactivated. Due to this reaction even bac-

teria that have developed antibiotic resistance are 

inactivated29-31. In this process different stable reactive 

species of the cold atmospheric plasma interact with 

the cell membrane of the bacteria3. Furthermore, an 

antiviral effect of the reactive oxygen species produ-

ced by cold atmospheric plasma has been observed.

This is presumably based on a modification of vi-

ral proteins leading to the inactivation of the viruses.

In eukaryotic cells, such as human cells, DNA is protec-

ted by nucleus and its membrane as well as cytological 

repair mechanisms. 

In addition, eukaryotic cells are protected within cell 

compounds. This means that there is no risk of cell da-

mage. Quite the opposite: the reactive oxygen species 

in human cells even stimulate the growth of tissue or mu-

cous membrane, thus triggering wound healing. 

The positive effect of cold atmospheric plasma on hu- 

man cells is due to the stimulation of intracellular processes

initiating cell growth through reactive species. 34-35 

This effect is locally limited to the uppermost cell layer. 

Among other reasons, this is due to a very short halflife 

of the reactive species, which will have already com-

pletely reacted by interacting with the upper cells or 

surrounding cell liquid.36-37

Effects of
cold plasma
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Figure 2 : biological plasma effect
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CAP interacts with microorganisms, 

inactivates the cell and prevents cell 

proliferation destroying the DNA Cell separation in healthy cells is stimulated by 

CAP. Intracellular subsequent processes:

release of cytokines, activation of angionesis 

and metabolism



The plasma care® is a medical device used for disin-

fection of wounds by means of cold atmospheric plas-

ma. It has quite the size and weight of a travel hair 

dryer, is rechargeable and has a battery life of at least 

200 hours fully charged.

Accordingly, the device can be used both in the clin-

ical and  private practice sector, as well as in the field 

of ambulant care services and wound care specialists. 

The indications for CAP application are listed in the ta-

ble on the right. plasma care® is charged by induction 

using a docking station.

Plasma medicine
to go

INDICATION

Etiology/cause Disease/condition Symptoms and aspects

Chronic wounds arterial, venous, infectious, 

diabetic, neuropathic, 

traumatic, vasculitic

ulcers, decubitus or

pyoderma gangrenosum

potential indication of  

bacterial load (prophy-

lactic), colonization and 

infection with bacteria 

Acute, open wounds mechanical cause abrasions, cuts, lacera-

tions, stab wounds, con-

tused wounds, avulsions, 

fissures, bites, gunshot 

wounds, impalement 

injuries, amputation of 

extremities

potential indication of 

bacterial load (prophy-

lactic), colonization and 

infection with bacteria

thermal cause burns, frostbite

surgical surgery wounds, secon-

dary healing surgery 

wounds, split-thickness 

skin graft sites

prophylaxis for wounds at 

risk of infection

CONTRAINDICATION

Wounds with heavy and acute bleeding

Wounds at exposed inner organs (surgical area)

Wounds at mucous membranes

Wounds in the head and neck area

Children under the age of 12 years

Table 1: Indications and contraindications for the use of the plasma care®.
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In order to ensure sterile treatment of each individual 

patient and to avoid cross-contamination, individually 

packaged sterile spacers are used in combination with 

the plasma care® device. These spacers, easily attacha-

ble to the upper part of the device, are gently placed 

on the wound without causing any additional pain 

through pressure. The CAP is generated from the am-

bient air within the spacer by means of adding energy.

The plasma care® device contains an indirect plasma 

source working on the basis of SMD (Surface Micro Di-

scharge) technology ensuring that no electric current 

flows through the patient.

The skin or rather wound surface only gets in contact 

with the therapeutically effective, stable plasma com-

ponents. Healthy tissue is not damaged.

With a potential treatment area of 13 cm2, the plasma 

care® device is suitable for most wounds. For larger or 

multiple wounds, a spacer can be used up to 6 times 

within one treatment session (total possible treatment 

area: 78 cm2). Subsequently, the spacer is no longer 

usable and must be disposed of together with infecti-

ous waste.

Figure 3:

Treatment scheme for wounds of different size

small wounds large wounds (use spacer several times)

plasma care® spacer unharmed skin wound

The process of wound treatment remains basically 

unchanged: The wound bed is prepared , i. e. mecha-

nically debrided and cleaned. The wound is now ready 

for treatment with plasma care® , the cold plasma can 

flow freely onto the wound surface and deactivate 

bacteria including MREs.

After that the wound is dressed as usual. In addition, an 

antiseptic can be used to achieve a long-term antibac-

terial effect. 

*So far, patients describe the therapy with plasma care® 

as a painless treatment. 

The treatment – simple,
effective, painless*

Figure 4: Wound care process
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Clinical results show that the plasma care® can effective-

ly inactivate numerous bacterial strains from risk groups 

I and II including S. aureus, E. faecalis, P. aeruginosa, E. 

coli, MRSA and VRE. In this context no significant diffe-

rence in their sensitivity towards CAP could be found 

and apart from that no resistances were developed.

On agar 99.999 % of tested bacteria and of the yeast 

C. albicans were killed within 60 seconds. Moreover, the 

plasma care® was effective upon application to biofilms 

of E. faecalis (99.9 % reduction within 1 minute). Under 

more life-like conditions in ex vivo models of pig skin and 

human skin, 69 to 83 % of bacteria were killed within the 

same period.

The plasma treatment is, however, not a targeted the-

rapy, which exclusively attacks pathogens. Healthy 

human tissue also comes into contact with the CAP. 

Therefore, it was carefully examined, whether the plas-

ma treatment causes any changes in primary fibroblasts 

and keratinocytes or in the skin. However, plasma treat-

ments of up to 3 minutes (longest permissible treatment 

period for a single wound area within 24 hours) had 

no impact on vitality, viability or migration behavior of 

primary fibroblasts and keratinocytes. Nor did “normal” 

or “sensitive” skin from healthy donor biopsies display 

any histological or pro-apoptotic changes. Furthermo-

re, mutagenicity studies (HGPRT test using V79 cells), 

provided no evidence of any genotoxic potential of 

the CAP from the plasma care®. For this purpose, treat-

ment periods of up to 5 minutes were examined.

The plasma care® device  is therefore considered to be 

effective and safe according to the results of the pre-

clinical studies. 

These results also correspond to the published data of 

the terraplasma group.8,9,12–16

Clinical results – Effectiveness

Nur 60 Sekunden 
pro Anwendung

Anwender-
freundlich

Keine Entwicklung 
von Resistenzen

Bakterien-
reduktion

Präklinische 
Untersuchungen 

In präklinischen Untersuchungen wurde das plasma 
care® effektiv gegen zahlreiche Risikoklasse I und II 
Bakterienstämme eingesetzt, einschließlich S. aureus, 
E. faecalis, P. aeruginosa, E. coli, MRSA und VRE. Ein 
signifikanter Unterschied in deren Empfindlichkeit ge-
genüber dem KAP war hierbei nicht festzustellen, und 
es wurde auch keine Resistenzbildung beobachtet. 

Auf Agar wurden innerhalb von 60 Sekunden 99,999% 
der getesteten Bakterien und des Hefepilzes C. albi-
cans abgetötet. Zudem war das plasma care® effek-
tiv beim Einsatz gegen Biofilme von E. faecalis (99,9% 
Reduktion in 1 Minute). Unter Realitäts-ähnlicheren 
Bedingungen in einem ex vivo Schweinehaut-Modell 
waren es innerhalb des gleichen Zeitraums 69 bis 83% 
der Bakterien. 

Bei der Plasmabehandlung handelt es sich nicht um 
eine zielgerichtete Therapie, die ausschließlich die Pa-
thogene angreift. Auch gesundes menschliches Ge-
webe kommt mit dem KAP in Kontakt. Daher wurde 
eingehend untersucht, ob die Plasmabehandlung 
Veränderungen in primären Fibroblasten und Kerati-
nozyten oder in der Haut verursacht. Plasmabehand-
lungen von bis zu 3 Minuten (maximal zulässiger Be-
handlungszeitraum eines einzelnen Wundabschnitts 
innerhalb von 24 Stunden) hatten jedoch keinerlei Ein-
fluss auf Vitalität, Viabilität oder Migrationsverhalten 
von primären Fibroblasten und Keratinozyten. Zudem 
kam es zu keinen histologischen oder pro-apoptoti-
schen Veränderungen in „normaler“ oder „empfind-
licher“ Haut aus Biopsien von gesunden Spendern. In 
Mutagenitätstests (HGPRT-Test mit V79-Zellen) konnte 
dem KAP aus dem plasma care® zudem keinerlei ge-
notoxisches Potenzial nachgewiesen werden. Unter-
sucht wurden dabei Behandlungsdauern von bis zu 5 
Minuten (längere Behandlungszeiten sind auf Grund 
der Einschränkungen bei Zellversuchen nicht möglich).

Die Ergebnisse aus den ausführlichen präklinischen 
Untersuchungen des plasma care® weisen das Gerät 
dementsprechend als effektiv und sicher aus und sind 
vergleichbar mit publizierten Daten der terraplasma 
Unternehmensgruppe.8,9,12–16

In addition, the antibacterial effect of plasma care® 

has been tested by an independent, certified testing 

laboratory (HygCen Germany GmbH) using a modi-

fied standard method (VAH method 13).

The resident skin flora on the upper arm of healthy 

volunteers was reduced by 83 % within three minutes 

(n = 20)  after application of an artificial contamination 

with E. coli K12 , a 99.97 % reduction was achieved wit-

hin same period (n = 5).

Thus, the effect of plasma care® was comparable to 

that of the reference product 70 % (v/v) propan-2-ol.

    

    •  Effective reduction of bacteria

    •  Elimination of multi-resistant pathogens

    •  Improved wound healing was observed

    •  No development of resistances

    •  No tissue damage

    •  Only 1 minute per application

    •  Portable and easy to use

    •  Also applicable for patients with

        cardiac pacemaker 

    •  No noble gases

    •  No electric current through skin

Figure 5:

Test results for resident skin flora (n=20)

CFU = colony-forming unit

n.s. = not significant

Within 3 minutes the plasma care® reduces the resident 

skin flora on skin with a small amount of sebaceous 

glands (upper arm) to a comparable extent as after 

treatment with 70% (v/v)propan-2-ol during same time. 

The advantages
at a glance
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case reports

EXAMPLE: POST-OPERATIVE WOUND HEALING DISORDER

40-year-old male patient. Resection of a liposarcoma 

and partial resection of the costal arches C2-C5 right 

and C2-C4 left. Post-operative wound healing disorder 

with sternal putrid (purulent) wound abscess cavity – 

wound revision and application of a wound sealing 

system unsuccessful, formation of necrosis. 

EXAMPLE CASE: DECUBITUS ON THE NECK

64-year-old female patient. Post-polio syndrome, chronic 

respiratory and ventilatory insufficiency, Gr. III obesity, 

hypercapnic coma. Hypergranulating pressure ulcer on 

the neck, due to friction and moisture on the strap of the 

respiratory mask, stagnation in the granulation phase.

Treatment course:

• Cold plasma treatment over 13 weeks with an average 

    of 3 applications/week.

•   Regular removal of crusts and necroses, necrosic areas 

    became smaller, the wound became flatter and closed 

   from inside and from its edges.

      

Treatment course:

• 7 cold plasma treatments (6 x 2 min, 1 x 1 min) over 3  

  weeks, first treatments were performed on  6 days in  

   a row.

• The wound was completely epithelialized after 22 days.

(Picture documentation following page)

The plasma care® is used for patients with chronic wounds of various genesis, e. g. postoperative wound healing 

disorders, diabetic foot syndrome and decubitus. Here you will find some case reports:

Initial situation, Oct 2019 End of January 2020

Continued picture documentation decubitus

EXAMPLE: POST-OPERATIVE WOUND HEALING DISORDER

77-year-old female patient, secondary healing wound 

(split skin transplantation and flap wound plastic) as a 

result of trauma (contusion) in a car accident, wound 

healing disorder with known CVI and heart failure, 

infection with enterobacter aerogenes, additional 

tendency to edema formation in the lower legs.

Treatment course:

• 2 cold plasma treatments per week (1 min each). 

• changeover to moist wound care to soften the in- 

   crustations and necroses

• mechanical cleaning

• after 18 treatments over 11 weeks, wound completely  

    epithelialized except for punctual superficial skin gap  

   (wound size: 0.22 x 0.17 cm).

Day 0, Initial situation Day 1, 1 CAP treatment Day 8, 6 CAP treatments Day 15, 7 CAP treatments Day 22, completely epithelialized

Week 0, Initial situation Week 1, 3 CAP Treatments Week 2, 5 CAP treatments Week 8, 7 CAP treatments Week 11, 18 CAP treatments

ONLY 1 MINUTE
PER APPLICATION

USER-FRIENDLY
NO DEVELOPMENT
OF RESISTANCES

REDUCTION OF 
BACTERIAL LOAD

SAFE –
HEALTHY TISSUE 
IS NOT DAMAGED

SUITABLE FOR
PATIENTS WITH
PACEMAKERS

PORTABLE
AND
EASY-TO-USE

ACTIVATION
OF WOUND
HEALING



                        –
small medical device with big effect

EXAMPLE: POST-OPERATIVE WOUND HEALING DISORDER

63-year-old female patient with a traumatic transtibial 

amputation of the right lower leg, post-operative 

wound healing disorder on the stump (support surface 

to the prosthesis), followed by a flap plastic surgery, no 

wound healing for over 1½ years – no infection.

EXAMPLE CASE: DIABETIC FOOT SYNDROME

50-year-old male patient with diabetic foot syndrome. 

Infected ulcers above the metatarsal bones (left) and ne-

crotic 4th toe, amputation due to worsening of the wound 

situation, wound infection with partially resistant coryne-

bacteria, enterococci and staphylococci.

Treatment course:

•  9 cold plasma treatments (1 min/13 cm2) within

    3.5 weeks.

•  Reduction of wound size from 2.04 cm x 1.87 cm (L x W)  

    to 0.48 cm x 0.51 cm (L x W)

      

Treatment course:

•  2 cold plasma treatments per week for the first 3 weeks,  

  followed by application every 14 days thereafter 

    (9 treatments in 12 weeks) as part of the dressing change

• Healing within 12 weeks after beginning of plasma  

    therapy

(Picture documentation following page)

The plasma care® is on market since July 2019. This medical device uses cold atmospheric plasma to inactivate 

microorganisms including multi-resistant pathogens. Even stimulation of wound healing can also be observed in 

some patients. Here are some case reports on wound treatment:

Day 0, Initial situation Day 1, 1 CAP treatment Day 7, 3 CAP treatments Day 21, 6 CAP treatments Day 25, 9 CAP treatments

Continued picture documentation diabetic foot syndrome

EXCAMPLE CASE: ULCUS CRURIS

77-year-old female patient, bedridden due to a cervical 

spinal injury. Ulcus recurrence of unclear origin on the 

right lower leg, no edema, vascular structure unclear. 

Wound healing stagnated for several months, partly 

purulent coatings, patient suffers from severe pain during 

mechanical wound cleaning. 

Treatment course:

• 8 cold plasma treatments (1 min) within 4 weeks 

    resulted in significant reduction of  wound size

•  Progressive epithelialization, pain relief

• Interruption of CAP treatment caused ulcus recurrence

• Complete epithalization of wound 4 weeks after

    restart of CAP therapy (2 x 1 min/week)

Day 0, Initial situation Day 2, 2 CAP treatment Day 14, 4 CAP treatments Day 42, 7 CAP treatments Day 83, 9 CAP treatments

Initial situation 8 CAP treatments Relapse after interruption
of therapy

restart: after 8 CAP treatments

ONLY 1 MINUTE
PER APPLICATION

USER-FRIENDLY
NO DEVELOPMENT
OF RESISTANCES

REDUCTION OF 
BACTERIAL LOAD

SAFE –
HEALTHY TISSUE 
IS NOT DAMAGED

SUITABLE FOR
PATIENTS WITH
PACEMAKERS

PORTABLE
AND
EASY-TO-USE

ACTIVATION
OF WOUND
HEALING



1. Gerling, T.; Weltmann, K. D. Einführung in Atmosphärendruck-Plasmaquellen für plasmamedizinische Anwendungen. In Plasmamedizin; Metelmann, H.-R., von Woedtke, T.,  
 Weltmann, K.-D., Eds.; Springer Berlin Heidelberg: Berlin, Heidelberg, 2016; pp 3–15. https://doi.org/10.1007/978-3-662-52645-3_1.
2. Heinlin, J.; Morfill, G.; Landthaler, M.; Stolz, W.; Isbary, G.; Zimmermann, J. L.; Shimizu, T.; Karrer, S. Plasma Medicine: Possible Applications in Dermatology. J. Dtsch. Dermatol.  
 Ges. J. Ger. Soc. Dermatol. JDDG 2010, 8 (12), 968–976. https://doi.org/10.1111/j.1610-0387.2010.07495.x. FREE ACCESS
3. Isbary, G.; Shimizu, T.; Li, Y.-F.; Stolz, W.; Thomas, H. M.; Morfill, G. E.; Zimmermann, J. L. Cold Atmospheric Plasma Devices for Medical  Issues. Expert Rev. Med. Devices 2013, 10 (3),  
 367–377. https://doi.org/10.1586/erd.13.4.
4. Leduc, M.; Guay, D.; Leask, R. L.; Coulombe, S. Cell Permeabilization Using a Non-Thermal Plasma. New J. Phys. 2009, 11 (11), 115021. https://doi.org/10.1088/1367-2630/11/11/115021. 
 FREE ACCESS
5. Yonson, S.; Coulombe, S.; Léveillé, V.; Leask, R. L. Cell Treatment and Surface Functionalization Using a Miniature Atmospheric Pressure Glow  Discharge Plasma Torch. J. Phys.  
 Appl. Phys. 2006, 39 (16), 3508–3513. https://doi.org/10.1088/0022-3727/39/16/S08.
6. Helmke, A. Niedertemperaturplasma: Eigenschaften, Wirkungen und Gerätetechnik. In Plasmamedizin; Metelmann, H.-R., von  Woedtke, T., Weltmann, K.-D., Eds.; Springer  
 Berlin Heidelberg: Berlin, Heidelberg, 2016; pp 33–45. https://doi.org/10.1007/978-3-662-52645-3_3.
7. von Woedtke, T.; Schmidt, A.; Bekeschus, S.; Wende, K. Wissenschaftliche Grundlagen, Stand und Perspektiven der Plasmamedizin. In Plasmamedizin;  Metelmann, H.-R., von  
 Woedtke, T., Weltmann, K.-D., Eds.; Springer Berlin Heidelberg: Berlin, Heidelberg, 2016; pp 17–32. https://doi.org/10.1007/978-3-662-52645-3_2.
8. Arndt, S.; Landthaler, M.; Zimmermann, J. L.; Unger, P.; Wacker, E.; Shimizu, T.; Li, Y.-F.; Morfill, G. E.; Bosserhoff, A.-K.; Karrer, S. Effects of  Cold Atmospheric Plasma (CAP) on  
 ß-Defensins, Inflammatory Cytokines, and Apoptosis-Related Molecules in Keratinocytes in Vitro and in Vivo. PloS One 2015, 10 (3), e0120041. 
 https://doi.org/10.1371/journal.pone.0120041 FREE ACCESS
9. Arndt, S.; Unger, P.; Wacker, E.; Shimizu, T.; Heinlin, J.; Li, Y.-F.; Thomas, H. M.; Morfill, G. E.; Zimmermann, J. L.; Bosserhoff, A.-K.; et al. Cold Atmospheric Plasma (CAP) Changes  
 Gene Expression of Key Molecules of the Wound Healing Machinery and Improves Wound Healing in Vitro and in Vivo. PloS One 2013, 8 (11), e79325. 
 https://doi.org/10.1371/journal.pone.0079325. FREE ACCESS

10. Isbary, G.; Stolz, W.; Shimizu, T.; Monetti, R.; Bunk, W.; Schmidt, H.-U.; Morfill, G. E.; Klämpfl, T. G.; Steffes, B.; Thomas, H. M.; et al. Cold Atmospheric Argon Plasma Treatment May  
 Accelerate Wound Healing in Chronic Wounds: Results of an Open Retrospective Randomized Controlled Study in Vivo. Clin. Plasma Med. 2013, 1 (2), 25–30. 
 https://doi.org/10.1016/j.cpme.2013.06.001.
11. Ermolaeva, S. A.; Varfolomeev, A. F.; Chernukha, M. Y.; Yurov, D. S.; Vasiliev, M. M.; Kaminskaya, A. A.; Moisenovich, M. M.; Romanova, J. M.; Murashev, A. N.; Selezneva, I. I.; et  
 al. Bactericidal Effects of Non-Thermal Argon Plasma in Vitro, in Biofilms and in the Animal Model of Infected Wounds. J. Med. Microbiol. 2011, 60 (1), 75–83. 
 https://doi.org/10.1099/jmm.0.020263-0. FREE ACCESS
12. Klämpfl, T. G.; Isbary, G.; Shimizu, T.; Li, Y.-F.; Zimmermann, J. L.; Stolz, W.; Schlegel, J.; Morfill, G. E.; Schmidt, H.-U. Cold Atmospheric Air Plasma Sterilization against Spores and  
 Other Microorganisms of Clinical Interest. Appl. Environ. Microbiol. 2012, 78 (15), 5077–5082. https://doi.org/10.1128/AEM.00583-12. FREE ACCESS
13. Maisch, T.; Shimizu, T.; Isbary, G.; Heinlin, J.; Karrer, S.; Klämpfl, T. G.; Li, Y.-F.; Morfill, G.; Zimmermann, J. L. Contact-Free Inactivation of Candida Albicans Biofilms by Cold 
 Atmospheric Air Plasma. Appl. Environ. Microbiol. 2012, 78 (12), 4242–4247. https://doi.org/10.1128/AEM.07235-11. FREE ACCESS
14. Maisch, T.; Shimizu, T.; Li, Y.-F.; Heinlin, J.; Karrer, S.; Morfill, G.; Zimmermann, J. L. Decolonisation of MRSA, S. Aureus and E. Coli by Cold-Atmospheric Plasma Using a Porcine Skin  
 Model in Vitro. PloS One 2012, 7 (4), e34610. https://doi.org/10.1371/journal.pone.0034610. FREE ACCESS
15. Boxhammer, V.; Li, Y. F.; Köritzer, J.; Shimizu, T.; Maisch, T.; Thomas, H. M.; Schlegel, J.; Morfill, G. E.; Zimmermann, J. L. Investigationof the Mutagenic Potential of Cold 
 Atmospheric Plasma at Bactericidal Dosages. Mutat. Res. 2013, 753 (1), 23–28. https://doi.org/10.1016/j.mrgentox.2012.12.015.
16. Isbary, G.; Köritzer, J.; Mitra, A.; Li, Y.-F.; Shimizu, T.; Schroeder, J.; Schlegel, J.; Morfill, G. E.; Stolz, W.; Zimmermann, J. L. Ex Vivo Human Skin Experiments for the Evaluation of Safety 
 of New Cold Atmospheric Plasma Devices. Clin. Plasma Med. 2013, 1 (1), 36–44. https://doi.org/10.1016/j.cpme.2012.10.001.
17. Morfill, G.; Stolz, W. Forschungs-Projekt “Plasma-Medizin” Phase II: Niedertemparatur-Argon-Plasma zur in-vivo-Sterilisation chronischer Wunden–Abschlussbericht. November 7, 2014.  
 FREE ACCESS

Literature

18. Isbary, G.; Morfill, G.; Schmidt, H. U.; Georgi, M.; Ramrath, K.; Heinlin, J.; Karrer, S.; Landthaler, M.; Shimizu, T.; Steffes, B.; et al. A First Prospective Randomized Controlled Trial to  
 Decrease Bacterial Load Using Cold Atmospheric Argon Plasma on Chronic Wounds in Patients. Br. J. Dermatol. 2010, 163 (1), 78–82. https://doi.org/10.1111/j.1365-2133.2010.09744.x.
19. IIsbary, G.; Heinlin, J.; Shimizu, T.; Zimmermann, J. L.; Morfill, G.; Schmidt, H.-U.; Monetti, R.; Steffes, B.; Bunk, W.; Li, Y.; et al. Successful and Safe Use of 2 Min Cold Atmospheric  
 Argon Plasma in Chronic Wounds: Results of a Randomized Controlled Trial. Br. J. Dermatol. 2012, 167 (2), 404–410. https://doi.org/10.1111/j.1365-2133.2012.10923.x.
20. Heinlin, J.; Zimmermann, J. L.; Zeman, F.; Bunk, W.; Isbary, G.; Landthaler, M.; Maisch, T.; Monetti, R.; Morfill, G.; Shimizu, T.; et al. Randomized Placebo-Controlled Human Pilot  
 Study of Cold Atmospheric Argon Plasma on Skin Graft Donor Sites. Wound Repair Regen. Off. Publ. Wound Heal. Soc. Eur. Tissue Repair Soc. 2013, 21 (6), 800–807. 
 https://doi.org/10.1111/wrr.12078.
21. Isbary, G.; Shimizu, T.; Zimmermann, J. L.; Heinlin, J.; Al-Zaabi, S.; Rechfeld, M.; Morfill, G. E.; Karrer, S.; Stolz, W. Randomized Placebo-Controlled Clinical Trial Showed Cold 
 Atmospheric Argon Plasma Relieved Acute Pain and Accelerated Healing in Herpes Zoster. Clin. Plasma Med. 2014, 2 (2), 50–55. https://doi.org/10.1016/j.cpme.2014.07.001.
22. IIsbary, G.; Morfill, G.; Zimmermann, J.; Shimizu, T.; Stolz, W. Cold Atmospheric Plasma: A Successful Treatment of Lesions in Hailey-Hailey Disease. Arch. Dermatol. 2011, 
 147 (4), 388–390. https://doi.org/10.1001/archdermatol.2011.57.
23. Isbary, G.; Shimizu, T.; Zimmermann, J. L.; Thomas, H. M.; Morfill, G. E.; Stolz, W. Cold Atmospheric Plasma for Local Infection Control and Subsequent Pain Reduction in a Patient  
 with Chronic Post-Operative Ear Infection. New Microbes New Infect. 2013, 1 (3), 41–43. https://doi.org/10.1002/2052-2975.19. FREE ACCESS
24. Brehmer, F.; Haenssle, H. A.; Daeschlein, G.; Ahmed, R.; Pfeiffer, S.; Görlitz, A.; Simon, D.; Schön, M. P.; Wandke, D.; Emmert, S. Alleviation of Chronic Venous Leg Ulcers with a  
 Hand-Held Dielectric Barrier Discharge Plasma Generator (PlasmaDerm® VU-2010): Results of a Monocentric, Two-Armed, Open, Prospective, Randomized and Controlled Trial  
 (NCT01415622). J. Eur. Acad. Dermatol. Venereol. 2015, 29 (1), 148–155. https://doi.org/10.1111/jdv.12490.
25. Daeschlein, G.; Scholz, S.; Ahmed, R.; Majumdar, A.; von Woedtke, T.; Haase, H.; Niggemeier, M.; Kindel, E.; Brandenburg, R.; Weltmann, K. D.; et al. Cold Plasma Is Well-Tolerated 
 and Does Not Disturb Skin Barrier or Reduce Skin Moisture. J. Dtsch. Dermatol. Ges. J. Ger. Soc. Dermatol. JDDG 2012, 10 (7), 509–515. https://doi.org/10.1111/j.1610-0387.2012.07857.x.
26. Daeschlein, G.; Scholz, S.; Ahmed, R.; von Woedtke, T.; Haase, H.; Niggemeier, M.; Kindel, E.; Brandenburg, R.; Weltmann, K.- D.; Juenger, M. Skin Decontamination by Low- 
 Temperature Atmospheric Pressure Plasma Jet and Dielectric Barrier Discharge Plasma. J. Hosp. Infect. 2012, 81 (3), 177–183. https://doi.org/10.1016/j.jhin.2012.02.012.
27. Daeschlein, G.; Napp, M.; Lutze, S.; Arnold, A.; von Podewils, S.; Guembel, D.; Jünger, M. Skin and Wound Decontamination of Multidrug-Resistant  Bacteria by Cold Atmospheric  
 Plasma Coagulation. J. Dtsch. Dermatol. Ges. J. Ger. Soc. Dermatol. JDDG 2015, 13 (2), 143–150. https://doi.org/10.1111/ddg.12559.
28. Daeschlein, G.; Napp, M.; von Podewils, S.; Scholz, S.; Arnold, A.; Emmert, S.; Haase, H.; Napp, J.; Spitzmueller, R.; Gümbel, D.; et al. Antimicrobial Efficacy of a Historical High- 
 Frequency Plasma Apparatus in Comparison With 2 Modern, Cold Atmospheric Pressure Plasma Devices. Surg. Innov. 2015, 22 (4), 394–400. https://doi.org/10.1177/1553350615573584
29. Nicol, M. J. et al. Antibacterial effects of low-temperature plasma generated by atmospheric-pressure plasma jet are mediated by reactive oxygen species. Sci. Rep. 10, 3066 (2020)
30. Hoon Park, J. et al. A comparative study for the inactivation of multidrug resistance bacteria using dielectric barrier discharge and nano-second pulsed  
 plasma. Sci. Rep. 5, 13849 (2015)
31. Zimmermann, J. L. et al. Test for bacterial resistance build-up against plasma treatment. New J. Phys. 14, 073037 (2012)
32. Bourke, P., Ziuzina, D., Han, L., Cullen, P. J. & Gilmore, B. F. Microbiological interactions with cold plasma. J. Appl. Microbiol. 123, 308–324 (2017)
33. Filipić, A., Gutierrez-Aguirre, I., Primc, G., Mozetič, M. & Dobnik, D. Cold Plasma, a New Hope in the Field of Virus Inactivation. Trends Biotechnol. 38, 1278–1291 (2020)
34. Arndt, S. et al. Effects of cold atmospheric plasma (CAP) on ß-defensins, inflammatory cytokines, and apoptosis-related molecules in keratinocytes in vitro and in vivo. PloS 
 One 10, e0120041 (2015)
35. Arndt, S. et al. Cold atmospheric plasma (CAP) changes gene expression of key molecules of the wound healing machinery and improves wound healing in vitro and in vivo.  
 PloS One 8, e79325 (2013)
36. Schmidt, A., Bekeschus, S., Wende, K., Vollmar, B. & von Woedtke, T. A cold plasma jet accelerates wound healing in a murine model of full-thickness skin wounds. Exp. 
 Dermatol.  26, 156–162 (2017)
37. Leduc, M., Guay, D., Leask, R. L. & Coulombe, S. Cell permeabilization using a non-thermal plasma. New J. Phys. 11, 115021 (2009)
38. Von Woedtke, T., Schmidt, A., Bekeschus, S., Wende, K. & Weltmann, K.-D. Plasma Medicine: A Field of Applied Redox Biology. In Vivo 33, 1011– 1026 (2019)

ONLY 1 MINUTE
PER APPLICATION

USER-FRIENDLY
NO DEVELOPMENT
OF RESISTANCES

REDUCTION OF 
BACTERIAL LOAD

SAFE –
HEALTHY TISSUE 
IS NOT DAMAGED

SUITABLE FOR
PATIENTS WITH
PACEMAKERS

PORTABLE
AND
EASY-TO-USE

ACTIVATION
OF WOUND
HEALING



Notes

ONLY 1 MINUTE
PER APPLICATION

USER-FRIENDLY
NO DEVELOPMENT
OF RESISTANCES

REDUCTION OF 
BACTERIAL LOAD

SAFE –
HEALTHY TISSUE 
IS NOT DAMAGED

SUITABLE FOR
PATIENTS WITH
PACEMAKERS

PORTABLE
AND
EASY-TO-USE

ACTIVATION
OF WOUND
HEALING



terraplasma medical GmbH

Parkring 32 | 85748 Garching (Munich)

Germany

Phone.:   + 49 89 588 055 30

Fax:         + 49 89 588 055 99

info@terraplasma-medical.com

www.terraplasma-medical.com

Jens Kirsch | Chief Executive Officer (CEO) 

Petra Speidel | Chief Financial Officer (CFO)

PD Dr. rer. nat. habil. med. Julia Zimmermann | Chief Medical Officer (CMO)

Prof. Dr. Dr. h.c. Gregor Morfill | Scientific advisory council

ONLY 1 MINUTE
PER APPLICATION

USER-FRIENDLY
NO DEVELOPMENT
OF RESISTANCES

REDUCTION OF 
BACTERIAL LOAD


