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Central Hospital of the German Federal Armed Forces, Koblenz, Germany
Department Trauma surgery and Orthopedics, Reconstructive,

Hand and Plastic surgery, Burn medicine
Medical director: Colonel Privatdozent Dr. med. E. Kollig



European Antimicrobial Resistance Surveillance Network 
(EARS-Net) 

EARS-Net is a European network of national 
surveillance systems that maintains a 
comprehensive surveillance and information 
system on antimicrobial resistance

Data from 900 public-health laboratories 
serving over 1400 hospitals in Europe 
and providing services to an estimated 
population of 100 million European 
citizens. 
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Most suspected in GE: MRSA
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Gram-negative bacteria: situation in Europe
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ESBL: situation in Europe



6

Surgery Central Hospital of the German Federal Armed Forces 

Department Trauma surgery and Orthopedics, Reconstruct ive,

Hand and Plast ic surgery, Burn medicine

Carbapenem-resistance: the European issue



the metamorphosis of Klebsiella P.
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Different scenarios – different germs

Bacterial wound cultures:

• Acinetobacter baumanii
• Enterococcus faecium
• Escherischia coli
• Proteus vulgaris
• Pseudomonas aeruginosa
• MRSA
• Stenotrophomonas maltophila
• Candida, Aspergillus, Fusaria



Vandersee, S.  et al., HygMed 2011; 36-10, Sei. 384-392

Sutter, DE. Et al., InfectControlHosp Epidemiolog 2011; 32(9): 854-60

Kolonisationsprävalenz der afg. Patienten:
• 29 % MRE+ (auf ICU 46%)

Anteil MREs am Gesamtprobenaufkommen

05 / 2010  - 09 / 2010

ESBL-Enterobacteriaceae

MRSA

Acinetobacter baumanii

Enterobacter andere

Resistenzen

Kolonisationsprävalenz bei 411 afg. Patienten 09/2007 – 08/2008:
• 51 % MRE+ 
• 76 % gram negative Keime (70% MRE‘s)
• Gram - MRE‘s:

• 53%  der E. coli, 90%  der Acinetobacter, 60% der Klebsiellen

 gram-negative MRE: dominating bacteria in crisis areas?

GE - Investigations from Maza e Sharif:
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Gram-negative bacteria in combat related wounds:
- US experience -

„After leaving the combat zone, patients are

presenting to US military hospitals with a much

higher rate of MDR gram-negative bacteria

colonizing and infecting wounds“.

Murray C et al; JOT 2011; 71: 235-257
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Causes of resistance?

• low standards of development and hygienics

• free available, low-cost standard antibiotics

• overuse / misuse of antibiotics

• permanent  reservoir in GIT and UGT 

• travelling of germ vectors

• plasmid-hospitalism

• mutations and horizontal gen-transfer
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Bacterial traffic worlwide: partially migration related?
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MDR identified as / to be differentiated

• colonization (skin, GIT, respir. system)

• contamination (bacterial wound

cultures pre- /post debridement)

• infection (proof of bacteria after onset)
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MDR – change throughout course

„after leaving the combat zone, patients are

presenting to US military hospitals with a much

higher rate of MDR gram-negative bacteria

colonizing and infecting wounds.“

Murray C et al; JOT 2011; 71: 235-257
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Established infection after ORIF 

The nightmare
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the sword of Damocles

 less than 1000 colony forming

germs necessary

 „race to the surface“

 hazardous „biofilm“ 

 jet lavage useless 15 days after 

onset
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Civilian benchmark:

Bone infection rates in Germany

• heterogenous data available

• no current data since last 5 years

• after closed fx: 0,5% - 3,0%

• after open fx: 2,6% - 10%

• after osteosynthesis: 0,6% - 3,4%

AH Tiemann, R Braunschweig, GO Hoffmann: 
Knocheninfektionen,  Unfallchirurg (2012), S. 480 – 488] 
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MDR and combat related wounds: US experience

Hospenthal DR et al; JOT 2011; 71: 210-234

„Increasing colonization with MDR bacteria
throughout the the evacuation chain from the combat
zone, through Germany, to the US supports the
concept, that most MDR bacteria colonization and
infection is health care associated.“
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Complications in combat related injuries: 

the large scale (USA)

• 7,4% primary amputation

• 15% osteomyelitis

• 17% relapse of infection

• primordial no typical risk factors

acc. to young, healthy milit. 

personnel

Murray C et al; JOT 2011; 71: 235-257
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in gunshot and blast-injuries gross

contamination is obligatory

open wounds, damage in the deep easily

underestimated

so called „developing wounds“

soft tissue determines preservation of bone

and so called guiding structures, thereby the 

fate of a limb

sepsis is the killer No. 2 after hemorrhage

PRINCIPLES OF COMBAT RELATED INJURIES:
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Milit. repatriations from deployment to Germany



Chirurgie BundeswehrZentralkrankenhaus
Klinik für Unfallchirurgie und Orthopädie, Wiederherstellungs -,

Hand- und Plast ische Chirurgie, Verbrennungsmedizin

• 2004 – 2015

• combat: 40

• accident: 37

7

12

7

5

5

20

1336

8

36

Lokalisation Schussverletzungen

(113 Verletzungen bei 79 Patienten)

Schädel

Hals/Thorax

Abdomen

Wirbelsäule

Becken

Obere Extremität

Hand

Untere Extremität

Fuss

Fraktur

GSW Koblenz Centr Mil Hospital 
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Blast injury caused by IED
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Blast injury caused by IED
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Blast injury caused by IED

• ext fix 
• segment res.
• PMMA
• intramed dev
• docking
• platelet rich plasma
• autologous

cancellous
bone grafting

36 months
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Blast injury caused by IED
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Blast injury caused by IED
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Blast injury caused by IED

• NPWT

• Matriderm

• ISKD
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Blast injury caused by IED: 12 months after
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The Lybian experience 2011 - 12
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The Lybian experience:

• 10 patients from Lybia, all wounded and pre-

treated up to three months

• 2/3 lower limb, 1/3 upper limb

• 10/10 with established infection /wound

drainage

• > 50% bone defect 50 to 80mm
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Cohort- and single - isolation
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The Lybian experience – bacteriology:

• bacterial cultures of wounds and surface

• 9/10 positive for MRE

• 3/10 positive for MRSA additionally

• 4/10 Pseudom. Aeruginosa

• 4/10 Acinetob. Baumannii

• 1/10 positive blood-culture
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Spectrum of bacteria in combat related wounds

• S. aureus

• MRSA (Methicillin-resistant, „multiresistant“)

• MRSE (Multiresistente S. epidermidis specimen)

• VRE

• Pseudomonas aeruginosa

• Klebsiella pneumoniae, Klebsiella pneumoniae (ESBL-pos.)

• Proteus species

• Enterobacter cloacae, Enterobacter cloacae (ESBL-pos.)

• Acinetobacter baumanii

• Enterococcus faecalis

• High-level-Gentamycin-resistenter Enterococcus

• Serratia marcescens, Serratia marcescens (ESBL-pos.)

• ……
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From the lab – a  classic:
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•MDR

•ESBL

•MRSA



reconstruction of bone defect

acc. to MASQUELET`s method

with cancellaus bone graft 

augmented by platelet rich plasma



ORIF + Masquelet
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one-step revision:

relapsing infection thereafter
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Infection, sepsis, ESBL: 
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Patient´s bacteria cultures

wound skin blood culture

MRSA +

P. aeroginosa + +

A. baumanii +

H-L-G-R Enterococcus +

ESBL-Klebsielle ++ + +

P. mirabilis +

ESBL-Serratia ++ + +

S. haemolyticus +

C. freundii +

E. coli +
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…leaving the internal Titanium fixator in situ: 4 weeks post
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Ukrainian patient, multiple mortar wounds, 3- + 4-MRGN, MRSA
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Ukrainian Patient, multiple mortar wounds, 3- + 4-MRGN, MRSA
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Ukrainian Patient, multiple mortar wounds, 3- + 4-MRGN, MRSA



Lokalisation Wundinfektion

28.06.2017
Wunde (Oberarm links außen 
und innen)

E.cloacae (ESBL)

05.07.2017
Intraoperative Abstriche 
Markraum und Frakturregion 
(Humerus links)

E. cloacae (ESBL) 
A. baumannii

10.07.2017
Intraoperative Abstriche 
Wunde (Oberarm links außen)

E.cloacae (ESBL)

17.07.2017
Intraoperative Abstriche 
Wunde (Oberarm links außen 
Pinstelle)

A. baumannii (4MRGN)

02.08.2017
Intraoperative Abstriche 
Wunde (Oberarm links außen 
Pinstelle

A. baumannii (4MRGN)

18.08.2017
Punktat

Kein Keimnachweis

PATIENT A

Kontamination in 

Ganzkörperabstrichserien

E. cloacae (ESBL)

K. pneumoniae (ESBL)

A. baumannii

K. pneumoniae (ESBL) (4MRGN)

A. baumannii (4MRGN)



Lokalisation Wundinfektion

28.06.2017
Wunde (Oberschenkel rechts, 
tief)

A. baumannii (3MRGN)

30.06.2017

Wunde (Oberschenkel rechts, 
tief)

A. baumannii (3MRGN und 

Gentamicin resistent)

03.07.2017
Wunde (Oberschenkel rechts, 
tief)

A. baumannii (3MRGN 
Carbapenem sensibel)

17.07.2017
Wunde (Oberschenkel rechts, 
tief)

A. baumannii, S. lugdunensis, 
E. faecalis

02.08.2017
Verschlossene
Wundverhältnisse, reizfrei

Keimfrei

PATIENT B

Kontamination in 

Ganzkörperabstrichserien

K. pneumoniae (ESBL)



Lokalisation Wundinfektion

28.06.2017 
Wunde (Hüfte rechts) 

Staphylokokkus hominis
(Vancomycin sensibel)

04.07.2017
Femur Markraum (rechts) 

S. epidermidis
(Linezolid sensibel)

04.08.2017
Femur Markraum, Kapsel, 
Pfannengrund (rechts

E. coli (ESBL) (3MRGN) 
(nur Tigecyclin und 
Carbapeneme sensibel)

23.08.2017

PE Zugang Hüfte und Kapsel 
(rechts)

A. baumannii (4MRGN) 

(Gentamicin sensibel)

06.09.2017
PE Zugang Hüfte (rechts)

E. coli (ESBL, 3MRGN)

22.09.2017
PE Zugang Hüfte und Wunde 
Hüfte (rechts)

E. coli (ESBL,  3MRGN) 
S. Aureus)

05.10.2017
Redondrainage

E. coli (ESBL,  3MRGN)

PATIENT C

Kontamination in 

Ganzkörperabstrichserien

A. baumannii,  

K. pneumoniae (ESBL) (3MRGN)

K. pneumoniae (ESBL) (4MRGN)

K. pneumoniae (ESBL) (3MRGN) (Tigecyclin
resistent)

E. coli (ESBL) (3MRGN)

E. cloacae (ESBL) (VRE)



Lokalisation Wundinfektion

28.06.2017
Wunde (Schulter links, tief) 

S. hämolyticus, S. epidermidis

04.07.2017
Wunde (Schulter links, tief)

S. epidermidis (Clindamycin
resistent, Gentamicin
resistent)

28.07.2017
Primärer Wundverschluss

S. epidermidis (Clindamycin
resistent, Gentamicin
resistent)
Ohne weitere Konsequenz 
und Wundheilungsstörung

PATIENT D

Kontamination in 

Ganzkörperabstrichserien

K. pneumoniae (ESBL)
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Surgical management I

• consequent debridement

• appropriate stabilization / immobilization

• no additional damage by searching for

foreign bodies, as long as not responsible for

complications

• irrigation – no jet-lavage
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Surgical management II

• programmated re-do´s acc. to development

• NPWT recommended esp. after gross contamination

and extended soft tissue damage

• topical use of antiseptic agents (e. g. polyhexanide) 

• only viable tissue will heal

• no change to internal fixation methods unless proof of

absence of infection is given
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management of antibiotics

• flanking procedure

• acc. to resistance

• time is of an essence

• colonization is no target

• recurrent culture controls time scheduled

• „off label“ – use to be considered
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Orthop/Trauma: results since 2005

• no additional amputation necessary

• all infections controlled, no relapse

• colonization can be eradicated – is it a must?

• no outbreak of specific bacteria

• combat related infections are highly

demanding
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Take home messages (Orthop/Trauma) :

• identify the gram-negative MRE as a global 

problem

• initial and repeated bacteriological screening

• strict isolation of patients,  rigorous hygienics

• the surgical skills only ensure infection control

and healing

• antibiotics only on demand and after proof




