
10. Balgrist Symposium zum Diabetischen Fuss
Prophylaxe und Praxis bei Diabetischen Fussinfekten

3. November 2023

PD Dr. med. Dieter Mayer, FEBVS, FAPWCA
FMH für Chirurgie und Gefässchirurgie

Experte für komplexe und nichtheilende Wunden

10. Balgrist Symposium 

zum Diabetischen Fuss 

 

Prophylaxe und Praxis bei 

Diabetischen Fussinfekten



•Pressure
• Friction
• Trauma

• Drugs
• Radiation therapy
• Patient adherence

• Biofilm
• Infection
• Inflammation
• Edema
• Necrosis

• Vascular supply
• Diabetes
• Renal insufficiency
• Nutrition
• Age

Co‐
morbidities Wound

MechanicsExternal 
factors

Checklist for Factors Affecting Wound Healing
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Checklist for Factors Affecting Wound Healing
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Biofilm in wound healing

Pathogens 2013, 2, 288‐356; doi:10.3390/pathogens2020288

"Bacteria in biofilms cause up to 80% of all human infections"

Clin Microbiol Infect 2015;21 Suppl 1:S1‐25. DOI: 10.1016/j.cmi.2014.10.024.

"Biofilm bacteria are involved in >60% of all chronic wound infections"
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Biofilm - Definition

A biofilm is a microbially derived sessile community 
characterized by cells that

• are irreversibly attached to a substrate or interface 
or to each other

• are embedded in a matrix of extracellular polymeric 
substances (EPS) that they have produced

• exhibit an altered phenotype in comparison to 
planktonic cells with respect to
• growth rate and
• gene transcription

Donlan and Costerton (2002): Biofilms: Survival Mechanisms of Clinically Relevant Microorganisms. Clin Microbiol Rev, 15, 167‐193
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Stage 1 
Conditioning

• Conditioning… film
• Glycoproteins, proteins, 

carbohydrates

• Adhesion 1 – Single 
cells/aggregated

CHAPTER 1 : Small Molecule Ligands for Bacterial Lectins: Letters of an 
Antiadhesive Glycopolymer Code, in Glycopolymer Code: Synthesis of Glycopolymers
and their Applications, 2015, pp. 1‐16 DOI: https://doi.org/10.1039/9781782622666‐
00001

Courtesy S Percival
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Stage 2: 
Adhesion

• The molecular and 
physical interactions that 
are involved in the 
adhesion process have 
not yet been completely 
understood. 

• Microbial cells may 
attach to surfaces via 
specific and non‐specific 
interactions

Bakaletz, L. Nat Rev Microbiol 2, 552–568 (2004)
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Stage 3: 
Biofilm Development and Dissemination

British Journal of Surgery, Volume: 104, Issue: 2, Pages: e85-e94, First published: 25 January 2017, DOI: (10.1002/bjs.10433) 
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Slough

1. Biofilm 1.Biofim

3. Biofilm

3. Biofilm

3. Biofilm

3. Biofilm

Woundbed

4. Biofilm

4. Biofilm

Wound Dressing

5. Biofilm5. Biofilm5. Biofilm

2.Biofilm

There is more than one!!!

Percival SL, Suleman L. Slough and biofilm: removal of barriers to wound healing by desloughing. J Wound Care. 2015 Nov;24(11):498, 500‐3, 506‐10. 
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A B

C D

In Panel A, planktonic bacteria can be cleared by antibodies, phagocytosis, and are susceptible to 
antibiotics.  Adherent bacterial cells (Panel B) form biofilms preferentially on inert surfaces or 
devitalized tissue, and these sessile communities are resistant to antibodies, phagocytosis and 
antibiotics.  Neutrophils (Panel C) are attracted to the biofilms, but cannot engulf biofilm.  
Neutrophils still release proteases and reactive oxygen species.  Phagocytic enzymes (Panel D) 
damage tissue around the biofilm, and planktonic bacteria are released from the biofilm, causing 
dissemination and acute infection in neighboring tissue. Costerton, Stewart, Greenberg, Science 284, 1999

Courtesy G Schultz

How Does The Immunological Response to  Biofilms 
Cause Tissue Damage and Impair Healing?
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Clinical Relevance

Debridement at regular intervals

"Antibiofilm" antiseptic dressings

Dressing changes at suitable intervals
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Diagnostics of DFI
Senneville É, Albalawi Z, van Asten SA, et al. IWGDF/IDSA Guidelines on the Diagnosis 
and Treatment of Diabetes‐related Foot Infections (IWGDF/IDSA 2023). Clinical 
Infectious Diseases 2023. DOI: 10.1093/cid/ciad527.

Recommendation 1
(a) Diagnose a soft tissue diabetes‐
related infection clinically based on the 
presence of local or systemic signs and 
symptoms of inflammation. GRADE 
recommendation: Strong; Certainty of 
evidence: Low)
(b) Asses the severity of any Diabetes‐
related foot infection (DFI) using the 
International Working Group on the 
Diabetic Foot (IWGDF)/Infectious 
Diseases Society of America (IDSA) 
classification scheme. (Strong; Low).
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Diagnostics of DFI
Senneville É, Albalawi Z, van Asten SA, et al. IWGDF/IDSA Guidelines on the Diagnosis 
and Treatment of Diabetes‐related Foot Infections (IWGDF/IDSA 2023). Clinical 
Infectious Diseases 2023. DOI: 10.1093/cid/ciad527.

Recommendation 4
For diagnosing diabetes‐related 
foot soft‐tissue infection, we 
suggest not using foot 
temperature (however 
measured) or quantitative 
microbial analysis. (Conditional; 
Low).

Woo KY, Sibbald RG. Ostomy Wound Manage 2009;55(8):40‐8. 
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Microbial shift in wounds

Skin germs

Gram +

Mixed flora

Time: Weeks Months Years

Aerobe

An-Aerobe
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Microbial interaction („quorum sensing“)
Chronic wound

Anaerobe bacteria

Chemotaxis
Immune cell function

Oxygen consumption 
Growth factors

Optimal environment for microbial multiplication

Interaction Aerobe bacteria

Synergy

"Quorum sensing"
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Persister Cells

N
o. of viable cells

Challenge Re-ChallengeRegrowth

Persister cells Persister cells

Time
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Clinical Relevance

Early Diagnosis of DFI is key to outcome

Clinical expression of DFI not always clear

Guidelines not always helpful in daily life
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Treatment of DFI
Senneville É, Albalawi Z, van Asten SA, et al. IWGDF/IDSA Guidelines on the Diagnosis 
and Treatment of Diabetes‐related Foot Infections (IWGDF/IDSA 2023). Clinical 
Infectious Diseases 2023. DOI: 10.1093/cid/ciad527.

Recommendation 23
We suggest not using the 
following treatments to 
address DFIs: 
(a) adjunctive granulocyte 

colony‐stimulating 
factor (G‐CSF) 
treatment or 

(b) topical antiseptics, silver 
preparations, honey, 
bacteriophage therapy, 
or negative‐ pressure 
wound therapy (with or 
without instillation). 
(Conditional; Low).

Alavi A, Sibbald RG, Mayer D, et al. Diabetic foot ulcers: Part II. Management. Journal of the 
American Academy of Dermatology 2014;70(1):21 e1‐24; quiz 45‐6. DOI: 10.1016/j.jaad.2013.07.048.
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„Modern Wound Therapy“

• All but…

Semi‐occlusive
dressings

• Infected wounds
• Tumors
• Terminal PAD IV
• Akrale Nekrosen
• (Diabetes)
• (Implants)

Non‐occlusive
dressings
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Which dressing?
W
ou

nd Wound size

Exsudate

Smell

Infection

Stage

P
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nt Preferences

Experience

Skills

Pain En
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en
t Costs

Availability
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Decontamination

The consensus was reviewed and formally approved by the
boards of the following scientific associations:
• Dachorganisation deutschsprachiger Vereine und Gruppen im Bereich Wundmanagement  (Wund‐D.A.CH.)
• ÖsterreichischeGesellschaft für Krankenhaushygiene (ÖGKH)
• Deutsche Gesellschaft für Krankenhaushygiene (DGKH)
• Initiative ChronischeWunden e. V. (ICW)
• Working Group Antiseptics of the International Society of Chemotherapy for Infection  and Cancer (ISC)

Consensus 2018 / Update 2019
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Indications
for the
antiseptic
treatment
of wounds

Preparation for debridement or wound cleansing of chronic
wounds

Treatment of local wound infection

Prevention of infection of traumatic wounds

Prevention of postoperative surgical site infections (SSI)

Decolonisation in case of MSSA, MRSA & other MRB…

What, when, how to use (frequency, duration)

In case of therapeutic failure of an antiseptic after 2 weeks of treatment, review
the therapeutic regimen and perform further diagnostics!
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Criteria for the selection of active
ingredients

Acute wounds
• In acute wounds, the focus is on 
the rapid onset of efficacy of the
antiseptic, possibly with required
depth effect (bite, puncture, 
gunshot wound).

Chronic wounds
• For chronic wounds, a longer
exposure time is desirable for
achieving the antiseptic effect due 
to repeated application and/or
remanent effect on the wound; 
ideally, wound healing should be
promoted.

What, when, how to use (frequency, duration)

Efficacy (≥ 3 log10) and (local / systemic)tolerance!
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What, when, how to use (frequency, duration)

Compound Antimicrobial
onset time

Depth
effect2

Resistance
development

Wound healing Cartilage 
tolerability

Sensitization Systemic risks

Ag+ >24 h1 3 Yes Inhibition ? Yes (very rare) Cannot be
excluded

CHD gel 
(0,05%)

3‐10 h1 1 Yes No inhibition No Yes (rare),
anaphylaxis
(n>200)

?5

Acetic acid 5 min‐3 h 2 No At 0,15%
supportive

? No No

OCl‐ 30 s‐5 min1,3 2 No Supportive < 0,00004% No No

OCT gel 
(0,05%)

5 min‐10 h1 14 No No inhibition No No No

PHMB gel 
(0,04%)

30 min‐3 h1 2 No Supportive < 0,005% Yes (rare),
anaphylaxis
(n=3)

No

PVP‐I
(10%)

5‐30 min1 3 No Partial 
inhibition

Yes (0,5%) Yes Yes

1 Test-carrier (TC) with organic load; 2 Due to a lack of experimental data, theoretical extrapolation based on physicochemical properties or demonstrated
absorption: 1= superficial effect due to high protein binding, 2= shallow penetration depth, 3= larger than 2; 3 Without load; 4 In combination with

phenoxyethanol 2 or 3; 5 Possibility of separation of 4-chloraniline from the chlorhexidine molecule .

Important characteristics of antimicrobial agents used on wounds

Skin Pharmacol Physiol 2018; 31(1): 28‐58
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What, when, how to use (frequency, duration)

WUNDmanagement Suppl. 1, 2019; 13: 5‐22

Feature NaOCl/HOCl OCT PHMB PVP‐I
Antiseptic
efficacy

Yes Yes Yes Yes

Stimulation of 
wound healing

Yes** No inhibition Yes Partial inhibition

Peritoneal irrigation 
in case of septic
peritonitis

Possible Contraindicated Contraindicated Contraindicated

Exposed CNS Possible Contraindicated Contraindicated Toxic
Exposed cartilage < 0,00004%* Contraindicated Only at ≤ 0,005% Yes

Better than
Ag+
PVP‐I
CHD

Tend. better
Sign. better
No studies

Sign. better
Tend. better
No studies

Sign. better
Sign. better
Sign. better

Tend. better
‐
No studies

Conclusions of the analyzed clinical studies
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What, when, how to use (frequency, duration)

Indication Antiseptic compound

1st choice 2nd choice

Critically colonized wounds
Wounds at risk of infection

PHMB Hypochlorite, ionic silver, OCT/PE

Burns PHMB Hypochlorite
Byte, stab, and gunshot wounds PVP‐I OCT/PE*

MDRO‐colonized or infected
wounds

OCT/PE OCT, PHMB, ionic silver

Decontamination of acute and 
chronic wounds

Hypochlorite, PHMB, OCT OCT/PE

Peritoneal lavage Hypochlorite ‐
Risque of CNS tissue exposure Hypochlorite ‐
Wounds with lack of drainage Hypochlorite ‐

WUNDmanagement 2019; 13 – Suppl. 1 –Wundantiseptik 2019

Orientating recommendation for the indication‐based selection of wound antiseptics

* The prerequisite is good drainage without the risk of retention of OCT in the tissues!
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After decontamination

"BEST PRACTICE"
for non‐infected
(diabetic) wounds
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Inflammation
Local reactive changes in tissues following 

Injury or Irritation

Infection
Invasion and spread of pathogenic bacteria
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Sibbald RG, Orsted H, Schultz GS, et al. Preparing the wound bed: focus on infection and inflammation. 
Ostomy Wound Manage. 2003;49:23‐51. 
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Pathogenetic slide

© 2013 Pearson Education, Inc.

Figure 21.3  Inflammation: flowchart of events.
Innate defenses Internal defenses

Initial stimulus
Physiological response
Signs of inflammation
Result

Arterioles
dilate

Local hyperemia
(increased blood

flow to area)

Heat Redness

Release of inflammatory chemicals
(histamine, complement,

kinins, prostaglandins, etc.)

Increased capillary
permeability

Capillaries
leak fluid

(exudate formation)

Leaked protein-rich
fluid in tissue spaces

Pain Swelling

Possible temporary
impairment of

function

Locally increased
temperature increases
metabolic rate of cells

Tissue injury

Attract neutrophils,
monocytes, and
lymphocytes to

area (chemotaxis)

Leaked clotting
proteins form interstitial
clots that wall off area

to prevent injury to
surrounding tissue

Temporary fibrin
patch forms

scaffolding for repair

Healing

Release of leukocytosis-
inducing factor

Leukocytosis 
(increased numbers of white
blood cells in bloodstream)

Leukocytes migrate to
injured area

Margination 
(leukocytes cling to

capillary walls)

Diapedesis 
(leukocytes pass through

capillary walls)

Phagocytosis of pathogens
and dead tissue cells

(by neutrophils, short-term;
by macrophages, long-term)

Pus may form

Area cleared of debris
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The difference

Wounds UK (2019) Identifying and managing inflammation Made Easy. London: Wounds UK. 
Available from: www.wounds‐uk.com/made‐easy 
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The difference

Sibbald RG et al, Ostomy/Wound Management 2003;49(11):24‐51
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Clinical Relevance

How to treat?

INFLAMMATION

• MMP Scavengers (e.g. ORC/cellulose)

• Surfactant 68 / PMM Gel

• Anti‐inflammatory drugs (NSAID, 

Corticosteroids, anti‐TNF‐alpha)

• NPWT

• Debridement

INFECTION

• Antiseptics (local infection)

• +/‐Antibiotics (systemic infection)

• Debridement (superficial infection)

• Septic surgery (deep infection)

Theranostics 2020; 10(18): 8111‐8129 
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Clinical Relevance

How to treat?

INFLAMMATION

• MMP Scavengers (e.g. ORC/collagen)

• Surfactant 68 / PMM Gel

• Anti‐inflammatory drugs (NSAID, 

Corticosteroids, anti‐TNF‐alpha)

• NPWT

• Debridement

INFECTION

• Antiseptics (local infection)

• +/‐Antibiotics (systemic infection)

• Debridement (superficial infection)

• Septic surgery (deep infection)
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Take Home DFI

IWGDF Guidelines difficult to apply in real practice

Dressings alone don’t make the real difference

Targeting the real barriers 
to wound healing does

Biofilm removal

Infection control

Inflammation therapy
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