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Plasma Medicine in Cardiac Surgery – 
Treatment of the Beginning Driveline Infection 

with Cold Atmospheric Plasma (CAP) 
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Klinikum Karlsburg –  
Heart and Diabetes Center 
Mecklenburg-Vorpommern 



Clinical Management of Outpatients with HVAD:  
The KARLA-Project 

  Earlier Detection: 

 
Beginning driveline infections 

Problems with the INR – self management 

Signs of right heart failure and decompensation 

Wounds or infections as a trigger of bacteriemia 

Hemolysis 

Cerebral deficites as signs of embolisation 

Technical problems of the equipment 

Depressive episodes 

 

 

Schwester Karla mobile 
 
LVAD-coordinator and patient with the „Schwester Karla“ - 
mobile 

 
5 perfusionist organizing home visit`s every 2-3 weeks 
Equipment: 
 HeartWare-monitor,   
 hemodynamometer,  
 Siemens-xprecia,  
 dressing equipment,  
 camera, cellphone 
 kinPen Med pocket 





Plasma: the 4th state of matter 



Plasma, biology and medicine? 

Mott-Smith, Nature 233 (1971) 219 

 

Irving Langmuir‘s coining of „plasma“ was 
described by H.M. Mott-Smith:  
 

„ ... the discharge acted as a sort of 
substratum carrying particles of special kinds 
[…] This reminds him of the way blood 
plasma carries around red and white 
corpuscles and germs. So he proposed to call 
our ‚uniform discharge‘ a ‚plasma‘. Of course 
we all agreed.“ 
 

Irving Langmuir 

(1881–1957)  

at General Electric 

Laboratory (1948) 

First use of the term „plasma“: Langmuir (1928) 



Plasma for biomedical applications 



Plasma medicine research 

 Basic research on the interaction of cold plasmas with physical and biological systems 

Plasma Medicine:  
Application of physical plasma  

directly on or in the human body 



Zenker M,  GMS Krankenhaushyg  Interdiszip 3 (2008) Doc15; Raiser & Zenker, J. Phys. D: Appl. Phys. 39 (2006) 3520;  

http://www.erbe-med.com/de/medizintechnik/public/Produkte/Argonplasma-Koagulation--APC- 

Argon Plasma Coagulation (APC)  

ERBE Elektromedizin GmbH,Tübingen, Germany 

Cauterization: tissue destruction,  
 burning 

 hemostatsis 

 cutting, removal of tissue 

Surgical plasma applications 



Stalder KR, Woloszko J, Contrib Plasma Phys 47 (2007) 64; www.arthrocare.com; 

R.B. Mitchell, Operative Techniques in Otolaryngology 20 (2009) 172-174 

Coblation® (cold/controlled ablation)  
ArthroCare Corp., Austin, TX, USA 

Surgical plasma applications 



Plasma Skin Regeneration (PSR): „Portrait® PSR3 
System“ (Rhytec, Inc., Waltham, MA, USA)  

RF nitrogen plasma jet 

Bogle MA et al., Arch Dermatol 143 (2007) 168; Kilmer S et al., Lasers Med.Sci. 22 (2007) 101-109 

Plasma for cosmetics 

Controlled thermal injury and modification: 

ZTD – zone of thermal damage 

ZTM – zone of thermal modification 



Plasma medicine: (chronic) wound healing 

Predominant focus of plasma medicine 



Atmospheric pressure plasmas – „tool box“ 

picture: R. Brandenburg 



Before application: Characterization of plasma sources 
– plasma physics 

 UV radiation (UVB, UVC) 

 Parameters: distance [mm], irradiance [mW/cm2], 
operation mode (e.g. continuous, pulsed, burst) 

 

 Temperature 

 Parameters: distance [mm], power [W], operation 
mode (e.g. continuous, pulsed, burst) 

 

 Radicals and chemical products (ROS, RNS) 

 Parameters: distance [mm], power [W], operation 
mode (e.g. continuous, pulsed, burst), admixture 
of H2O, O2, air 

 Ozone (O3) 

 Nitric oxide (NO), Nitrogen dioxide (NO2) 

 Hydroxyl radical (OH) 
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Methods: Spectroscopy (OES, FT-IR, TDLAS), Dräger tubes, 

Fiber-optical temperature measurement 

Weltmann & von Woedtke, IEEE Trans. Plasma Sci. 39 (2011) 1015-1025 



Atmospheric pressure plasma sources 
for medical applications – global R&D activities  

(1) Drexel University (USA) 

(2) Cinogy GmbH (GER) 

(3) Old Dominion University (USA) 

(4) IOM Leipzig (GER) 

(5) Eindhoven Univ. of Techn. (NED) 

(6) New York University (USA) 

(7) MPE Garching (GER) 

(8) University of Orléans (FRA) 

(9) McGill University, Montreal (CAN) 

(10) Loughborough University (UK) 

(11) INP Greifswald (GER) 

(1) (2) 

(3) (4) 

(6) (7) (5) 

(8) 

(3) 

(9) 

(6) (10) 

(11) 



Plasma source for medical application 

Atmospheric pressure plasma jet (kINPen MED) 

Certified as medical device class IIa (June 2013) according to 
European Council Directive 93/42/EEC 

Purpose: Treatment of chronic wounds as well as pathogen-
based diseases of skin, skin appandages, extremities and 
body 

 R. Bussiahn, N. Lembke, R. Gesche, Th. von Woedtke, K.-D. Weltmann, Hyg. Med. 38 (2013) 212-216; H.-R. Metelmann, Th. 

von Woedtke, R. Bussiahn, K.-D. Weltmann, M. Rieck, R. Khalili, F. Podmelle, P.D. Waite, Am. J. Cosmetic Surg. 29 (2012) 52-

56 



Normothermic athmospheric plasmajet 

Dimension: L = 155 mm, Ø = 20 mm 

Gewicht:  170 g 

HF-Voltage:  1.1 MHz; 2…6 kVpp 

Gastemp.: 30°C …150°C 

Trägergas:  Argon  

Gasfluß:  1…5 sl  

K.-D. Weltmann, E. Kindel, R. Brandenburg, C. Meyer, R. Bussiahn, C. Wilke Th, von Woedtke, Contrib. Plasma Phys. 49 (2009) 631-640 



Bedside application 



kINPen Med mobile pocket 



CAP and chronic ulcera 

H.V., 72years, CHD, IDDM II, PAVD IV, amputation of right lower limb, dialysis, cross-over bypass, DI 
0,58  

12.08.15 28.08.15   5xCAP 07.09.15   7xCAP 

18.11.15   16xCAP 19.12.15   20xCAP 27.01.16   24xCAP 



CAP and intertriginous mycosis 

R.R., 77years, AVS, CHD, pre-TAVI 

22.01.15    28.01.15   1x CAP 



CAP and fistula (MRSA) 

S.T., 66years, CABG 28.02.2014, mediastinitis, closure of the thorax 31.03.2014, 
09.04.2014 sternal fistula with MRSA colonisation 

 

13.05.15 recurrence, 15.05.15 excision, VAC 

09.04.15 AgNO3 13.04.15 2xCAP 16.04.15 6xCAP 22.04.15 10xCAP 



CAP and surgical wounds I 

15.10.2015 19.10.2015   2xCAP 21.10.2015   4xCAP    

26.10.2015   8xCAP 09.11.2015 

D.S., 75years, ICM, CABG 1996, CRT-ICD, TAVI 23.09.2015, lymphatic fistula, wound revision 
10.10.2015, intraoperativ swab: serratia-species, clindamycin, postoperative CAP 



CAP and surgical wounds II 

22.02.2016 

27.02.2016   5xCAP 04.04.2016 

H.R., 68years, ICM, CRT-
ICD,LVAD 2014, Dyspnoe, PFO, 
19.02.2016 ASD-closure, 
21.02.2016 operative revision of 
an aneurysma spurium with 
hematoma, postoperative venous 
bleeding - Femostop 



CAP – critical ill patients with wounds I 

R.F., 78years, AVR 
(stenosis) 23.10.2015, 
Re-Re-Re-Thorax,  

30.10.2015 

17.11.2015 after 
conservative therapy  

23.11.2015   3xCAP 

02.12.2015   8xCAP 



CAP – critical ill patients with wounds II 

H.W., 74 years, 

CABG 20.08.14, 

COPD, mediastinitis, 

failed weaning 

15.12.2014 

27.12.2014 3xCAP 

Only under the 

right breast 

11.01.2015 4xCAP 

 

Only under the left 

breast  



Impact on the pump function ? 



Interference with the drivline isolation ? 



Plasma application 



CAP and DI I 

W.H. 67years, LVAD HW 
25.03.2013, ICM 

13xCAP 17xCAP 

AgNO3 with Cefuroxime 



CAP an DI II 

W.H. 67 years, 
LVAD HW 
25.03.2013, ICM 

3 month`s later 

Before AgNO3 19xCAP 

25xCAP 20.04.2016 



CAP and DI III 

K.S., 68 years, ICM, HW-LVAD 
11.09.2014, always wet DL-
wound-dressing   

23.09.2014 07.10.2014   6xCAP 08.10.2014 

13.10.2014   9xCAP 07.11.2014   14xCAP 21.11.2014   23xCAP 

05.01.2015   25xCAP 07.06.2015 



CAP and DI IV 

D.R., 68years, HW-LVAD 08.07.2015, ICM, Adipositas, 24.02.2016 putride secretion and rubor, swab 

with MRSA, CT without abscess, CAP (13 applications), treatment with linezolid and clindamycin over 

4 weeks, signs of bone marrow supression. Now no signs of inflammation (CRP 12,5 mg/l, Leuco 

5,6Gpt/l)  

09.12.2015 25.02.2016 07.03.2016 (9xCAP) 

04.04.2016 (11xCAP) 03.05.2016 (13xCAP) 



CAP and DI V 

11.11.2014 11.05.2015(postop.d14) 15.07.2015 (44xCAP) 

19.11.2015 (60xCAP) 25.11.2015 03.12.2015 15.12.2015 

11.03.2016 01.04.2016 

D.M., 53 years, HW-LVAD, TVR, PFOC 29.10.2014, 

ICM, wet DI-exit, 28.04.2015 1.operative DL-

Revision / Ampicillin-Sulbactam, 23.11.2015  

2.operative DL-Revision /Clindamycin, in the follow 

up CAP once a week 

23.04.2015 34xCAP 



CAP and DI VI 

H.P., 55 years, HW-LVAD 12.10.2014, January 

2016 progredient dyspnoe, catheter with RCA-

spasm, TEE AI I, April 2016 accidental tug to the 

DL, pain syndrom, analgetics inclusive 

carbamazepin with short effect, in May 

readmission, now fistula (Staph. epi.), 06.05.2016 

operative DL-exit-revision. intraop. CAP, 

26.05.2016 readmission with progrdient dyspnoe, 

TEE no endokarditis AI II, TI II-III, HU-TX? 



CAP and DI IV 

26.04.2016 

07.05.2016 06.05.2016 

11.03.2016 04.05.2016 AgNO3, 7xCAP 

12.05.2016 +5xCAP 

19.05.2016 +6x CAP 31.05.2016 +7xCAP 03.06.2016 +12xCAP 





State of knowledge: Plasma-cell interactions 

1. Biological plasma effects are significantly caused by plasma induced 
changes of the liquid environment of cells 

2. Dominating role of (non-charged, stable) oxidizing species  
• transferred and/or generated into/in the liquid environment of cells 
• beeing able to act inside the cells 

3. Active agents (mammalian cells): plasma-generated ROS 
• low ROS doses: stimulation of cellular functions 
• high ROS doses: apoptosis 

4. Active agents (microorganisms): plasma-generated RNS/RONS and 
acidification 



Wound healing 

Cleaning and 

inflammation 
clotting, inflammation, 

wound secretion 

Granulation 
formation of 

granulation tissue 

Epithelialization 
closure of the wound, 

scar formation 

 

ROS and RNS in cell physiology 

ROS 

ROS 

RNS (NO) 
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Thrombocytes 

Coagulation factors 

Creation of Fibrin clot 
- For closing wounds 

- Matrix for collagen insertion 

Mast cells 

Lymphocytes 
Macrophages Neutrophils 

Granulocytes 

Fibroblasts Keratinocytes Vascular 

endothelial cells 

Epithelialization  
Collagen 

synthesis  Angiogenesis 

Contraction, Scarring, 

Epithelialization, and Maturing phase 

Defect replenishment 

by 

granulation tissue 

Immune defense / 

Phagocytosis 
Release of growth factors and 

cytokines, are stimulating … 

Release of growth factors 

stimulates influx of inflammation 

cells 

Picture source: W. Probst, A. Vasel-Biergans, Wundmanagement, Stuttgart 2004 

Redox-based wound therapy  
Ch. K. Sen et al., Biochim. Biophys. Acta 1780 (2008) 1348-1361 

Ch. K. Sen, Wound Rep. Reg. 17 (2009) 1-18 

Scientific basis of  
plasma-supplemented 

wound healing 



W. Dröge: Free radicals in the physiological control of cell function. Physiol. Rev. 82 (2002) 47-95 

ROS and RNS in cell physiology 

ROS/RNS scavanging mechanisms in vivo 

The risk of plasma application is assessable and managable 

Because its localized and short-term generation by local plasma 
treatment these substances can be detoxified by processes of regular 

cell metabolism. 



Plasma application: main advantages 

 active components are generated locally and only for the 
required duration of the application by powering a not 
directly effective gas (argon, helium, oxygen, nitrogen, air, 
or mixtures thereof, respectively) using electric energy 

 the individual physical and transient chemical active 
components not only complement and strengthen one 
another through synergistic activities, but can partly replace 
each other 



Summary and Outlook 

 An increasing number of (prototype) plasma sources for life science 
is available from various research institutes and universities 

 The level of physical and biological characterization of the plasma 
sources is very different  

 For a successful market introduction a minimum set of 
investigations has to be done before one can state „….also useful for 
medical applications“ 

 

 Up to now, there is no big player on the (plasma-medicine) market 

 Small companies entering the market often within the field of 
cosmetics 

 Three companies in Germany meanwhile 
with certified medical product 

 Each medical indication needs a special taylored plasmasource 

 

 Food decontamination by plasma seems to become another field of 
growing interest besides plasma-pharmacy, plasma-biology…..   



The status quo of plasma medicine foresees the following medical application 
areas for cold plasmas at atmospheric pressure: 

 (external) plasma applications on body surfaces (skin, mucous membrane, 
wounds, teeth) 

 plasma applications at open surgical treatment 

 plasma applications in visceral cavities (endoscopic) 

Clinical Plasma Medicine Core Group: Paper of Consent, April/May 2012. Clinical Plasma Medicine 1 

(2013) 3-4 

Medical applications of plasma 



Plasma Medicine: Future prospects 

 Application-adapted plasma sources 

 Basic research on plasma-cell and plasma-tissue interaction with 
focus on safety of plasma application 

 Clinical trials with focus on safety of plasma application as well as 
proof and consolidation of therapeutic applications 

 Development of further fields of medical plasma use:  
 New targets: cancer treatment 
 New sites: teeth, lung, gastrointestinal tract, eyes, … 



What is the problem ? 

Until now no reimbursement 



What is in the Pipeline? 

 Plasma Plaster 



CAP Plaster – biological efficiency 



CAP – further education 



CAP – further clinical research 

 22.02.2016 start-up of the Diabetes Innovation Center Karlsburg - 
clinical treatment and applied research 



Coming soon 
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