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Epidemiology of Diabetic Foot Infections

Population having diabetes: 12+%

!

Develop a foot wound: ~25%

l

Wound infected at presentation: ~55%

/

Mild: 35+%

)\

\

Moderate: 30-60%

Severe:5-25%

Lipsky et al, Clin Infect Dis 2012;54:132
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Hospital Discharges for Diabetic LE Condition
In Thousands, USA 1988-2007
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Number of hospital d/c for diabetic patients with peripheral arterial disease
(PAD), ulcer/Inflammation/Infection, or neuropathy as 15t listed diagnosis

CDC, 2013: http://www.cdc.gov/diabetes/statistics
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The “Post-Antibiotic” Era

A post-antibiotic era means,
in effect, an end to modern
medicine as we Know it.

Things as common as strep
throat or a child’s scratched
knee could once again Kill.

-- Dr. Margaret Chan, OBE, MD, DSc
Director-General, World Health Organization

BAL © 2015
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Causes of Death in US: 1900 vs 2010

Diphtheria, 40.3 < ITotal: 52.7% |
Senilit.y_,_SO..E _
Cancer, 64.0 Infections

Accidents, 72.3

Nephropathies, 88.6

| Total: 2.7% |

Cerebrovascular B
disease, 106.9 T Suicide, 12.2

Pneumonia or influenza, 16.2
Heart disease, F Nephropathies, 16.3
1374~ | - Diabetes, 22.3
Gastmitestmal m: Alzhdﬁ'imer’s disease, 27.0
. Accidents, 33.2
'”{fzgf}?ns' ——— Cerebrovascular disease, 41.8

Noninfectious airways
diseases, 44.6
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Tuberculosis,
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Pneumonia e v e
or influenza, :Heart__ ﬂ!_.;easg,-

1900 US Centers for Disease Control
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Diabetic Foot Infection: the Pre-Antibiotic Era

Volume 110 Annalsof Surgery
Number 4 Dctober, 1930 DIABETIC

ARTHUR A. ZIEROLD GﬁNGBENE
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Diabetic Foot Infection in the Pre-Antibiotic Era
Deaths after operation on lower extremities, n=806

Cause of No. of % oOf % All
Death Cases Deaths Patients

Infection 42 50 5.2

Cardio-renal 44 4.6

Miscellaneous 6 0.6

Total 104

Zierold, AA, Ann Surg Oct 1939
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Effect of Antibiotics on Major Amputation* &
Mortality Rates for Diabetic Gangrene

Reference Before Penicillin
Amputation{ Mortality

Fizagn etal, | 99/140 | 12/136
(70.7%) | (8.8%)

McKittrick** | 680/1036 {101/1036
1946 (65.6%) | (9.7%)

After Penicillin
Amputation; Mortality

36/122 | 5/122
(29.5%) | (4.1%)

80/229 | 6/229
(34.9%) | (2.6%)

* Above or below knee amputation
“Sulfonamides used 1940-1944

Pushkin R, Lipsky BA (in preparation)
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History of Diabetic Foot Infection:.
Introduction of Antibiotic Therapy

o After introduction of insulin (1922) next majer-advance in
treating DFI was antibiotic therapy
— Allowed more conservative surgery (lower LEA level)
— Made primary suturing, safer option (better scar)
— Reduced mortality -of major surgery-,by almost half
* No other majer-advances for >30 years
— DFI “forgotten step-ehild™ until early 1980s
— Réelated to concept*“ischemia + infection = gangrene”
with neglect of role of neuropathy

Connor H, Diabetes Metab Res Rev 2008;24(Suppl 1): S7
BAL © 2015
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-
Person with diabetes with suspected foot infection __;I

» Assess patient characteristics
- Meurological and vascular status
- Comorbidity and psycho-social status
» Assess wound characteristics
- Cleanse, debride and probe the wound
- Assass for purulence or signs of inflammation
- Consider plain radiographs
« Optimise glucose and metabolic status
» Obtain specimenis) for microbiology
+ Obtain other laboratory tests
« Determine if surgical consultation is nesded
» Assess patient's @.rdm)—tsocial situation

" i dlinically infected, ~__ _

¥ '“--.h__flassif'p infection SEII'EI'ITI_.
Mild/ moderate infection R severe infection
¢ Y

» aszess the need for inpatient treatment # Hospitalize the patient

* Review any available microbiological data « attend to fluid, electrolyte, metabolic needs

» arrange for surgery, if needed » Consider obtaining blood cultures

# 5elect initial antibiotic regimen (considering wound and patient characteristics) * arrange for surgery, if needed

# Select appropriate wound care (dressings, off-loading) # Select empiric, broad-spectrum parenteral antibiotic regimen

» If treated as outpatient, set up return visit, consultations # Select appropriate wound care (debridement, dressings, off-loading)

-

T 10— Hospitalized?
2 & L

. -
P
\“\ -

A

ol " Aeassess in2-4 days, or earlier if situation worsens -

5 - Check inflammatory markers if needed
¥ ~——___- Review oufture and sensitivity results __—

Improving Mot improving fworsening
¥ ¢ ¥ ¥
Infection cured? Consider de-escalating Improvin Mot improving/worseni
antibiotic regimen [narrower * Reassess need for surgery pr E ng/ ng
spectrum, less toxic, less » Consider I:I_eep abscess, osteomyelitis v

expensive| * Assess patient’s adherence to therapy * Reassess need for surgery, including abscess drainage,
yes _ * Reassess wound care, h revascularization, amputation
E + _ Improvement /K * Reassess need for hospitalization # Switch to appropriate oral # Define extent of tissue involved [advanced imaging,
/" \ ._/e’ ‘Worsening | » Consider consultation of infectious antimicrobial regimen surgical exploration)
/@ Schedule first follow- /,f h“ diseases specialist or microbiologist + Consider follow-up as an » Consider consultation of infectious diseases spacialist

[ upwithin30days | |~ Reassess, weeklyuw + Review microbiol its and ch ; icrobioiog
| . 1 7 - ogy results and change outpatient or microbéologist
| Further patient | infection resolves o

| education {

KFfegularfallw.r-up- /
Lipsky et al, IWGDF DFI| Guidance 2015

% antibiotics accordinghy » Ensure all identified isolates are optimally covered
S #,-f"f » Consider repeating obtaining wound # Consider broadening antibiotic spectrum
T spacimens |

BAL © 2015
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Inter- (vs Multi-) Disciplinary Team is Key

Swiss Army Knife "FRENCH ARMY KNIFE

BAL © 2015
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Oral Antibiotics for Diabetic Foot Infections

Drug Renal MRSA Class

dosing? activity?
Diclox/Fluclox-acillin No No Penicillin'(semi-synthetic)
Amoxicillin/clavulanate Yes  No . fclactam/B-lact inhibitor
CephalexinT Yes.. ~NO” Cephalosporin (15t gen)
Cefdinir Yes©~ No Cephalosporin (2" gen)
Cipro/Levo/Moxi-floxacin®  Yes  No ~ KlUoroguinolones
Clindamycint No +/+ Lincosamide
TMP/SMXS Yes'  +  Folate inhibitors
Doxycycline 8 No +  Tetracycline
Linezolid 8 No +  Oxazolidinone

TUsed in published trials of treatment of diabetic foot infections.
5 Active against community-associated methicillin-resistant S. aureus

Kosinski M, Lipsky BA. Expert Rev Anti Infect Ther 2010;8:1293
BAL © 2015
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IV Antibiotics for Diabetic Foot Infections

Drug Class MRSA? B.frag? Renal?
Ampicillin/sulbactam (-L/B-LlI No _~-Yes~ Yes
Piperacillin/tazobactam [(3-L/B-LI (Pseudo) Ne(\ ‘Yes Yes
Gentamicin Aminoglycoside No No Yes
Imi/Mero-penem Carbapenem(grp2) No Yes  Yes
Ertapenem? Carbapenem (grp1) No  Yes Yes
Levo/Cipro/Moxi-1°%3¢n.Gyuinolone No Yes No
Clindamycin Lincosamide Some Yes No
Tigecycline' Glyeylcyctine Yes Yes No
Vancomycint# Glycopeptide Yes No Yes
Linezolid+T# Oxazolidinone Yes No No
Daptomycin'+ Cyclic lipopeptide Yes No Yes
Ceftaroline Cephalosporin (5g) Yes No No

Kosinski M, Lipsky BA. Expert Rev Anti Infect Ther 2010;8:1293

BAL © 2015
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Systematic Review Treatment DFI: IWGDF 2015

Same search as 2011, reviewed August 2010-August 2014

Only 7 new papers, for a total of 40 (37 RCTs; 3.caohort)

— Moxifloxacin (IV/po) non-infer. to pip/tazo.(1V,'amox/clav po)

— Tigecycline significantly inferior to ertapenem = vanco for
SSTI & DFO, with higher adverse event rate

— Gentamicin-collagen sponge as adjunctive therapy did not
Improve outcomes at day 7, but did/attest of cure

— DeMarcao formula (procaine + polyvinylpyrrolidone) as
adjunctive therapy in BFEW/PAD ¥ LE amputations

— Microcyn (superoxidized sol’'n) at least as effective as
levofloxacin for mild DFU infections

— Antibiotic therapy alone for osteomyelitis provides similar
outcomes to surgical therapy (2 studies)

Peters et al, Diab Metab Res Rev 2015 (epub Nov)
®BAL © 2015
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Systemic Antibiotics for Treating DFI: Cochrane

* 941 references reviewed; 20 included In analysis

* No antibiotic agent/regimen had higher rate_of-clinical
resolution of infection or other end-points:than comparator

* Only 1 trial (hi quality) identified significant difference:
rate of infection resolution higher & adverse events lower
with ertapenem (=% vancomycin if MRSA) than tigecycline

* Differences in. safety profile of agents\in’'some studies

 Quality of-evidence low: limitations in design, hi diversity In
antibiotics, duration of treatments, outcome assess. time

 Future studies: standardize infection severity criteria; define
outcome measures; establish duration of treatment; report
both short- & long-term outcomes

Selva Olid, Lipsky, et al. Cochrane Database SR 2015;9: CD009061




— UW/GTC/VO
Cochrane SR/MA of Topical Therapy DFI: Underway

Topical antimicrobial agents for preventing and treating foot infections in people
with diabetes

Review information

Review type: Intervention
Review number: 146
Authors

Benjamin A Lipsky, Christopher Hoey?, Mario Cruciani®, Carlo Mengoli*

Medicine, University of Washington, Seattle, Washington, USA

QPharmacy Service, VA Puget Sound, Seattle, WA, USA

3Center of Community Medicine and Infectious Diseases Service, ULSS 20 Verona, Verona, Iltaly

“Department of Histology, Microbiology and Medical Biotechnology, Universita di Padova, PADOVA, ltaly

Citation example: Lipsky BA, Hoey C, Cruciani M, Mengoli C. Topical antimicrobial agents for preventing and treating foot

infections in people with diabetes. Cochrane Database of Systematic Reviews 2014 | Issue 3 . Art. No.. CD011038. DOI:
10.1002/14651858.CD011038 .

Contact person
Carlo Mengoli

Associate Professor of Infectious Diseases
Department of Histology, Microbiology and Medical Biotechnology
Universita di Padova

Lipsky et al, Cochrane Database of Systematic Reviews (re@g;istered)
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Factors Influencing Choice Antibiotic Rx DFI

Infection related Pathogen related

- Clinical severity of infection - Likelihood of non<GPC
- Antibiotic therapy w/n 3 mos - H/O MDRO coloniztn/infxn

- Presence of bone infection - Local.abx resistance rates
Patient related Drurg related

- Allergy to any antibiotics - Safety profile (freq., severity)
- Immunological impairment - Drugninteractions potential

- Patient treatrent preferences.; Freguency of dosing

- Patientladherence to therapy- - Formulary availability

- Renal or hepatic insufficiency - Cost (acquisitn, administrtn)
- Impaired Gl absorption - Approval for indication

- Peripheral arterial disease - ©t rnisk C. diff or abx resist.

- Hi risk MDROs, unusual bugs - Published efficacy data

Lipsky et al, IWGDF Guidance DFI, Diab Met Res Rev 2015 (Nov)
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Selecting Empiric Antibiotic Regimen for DFI
Severity Additional Factors Pathogens  Potential Regimens

Mild _No complications GPC S-S penicillin; 1% gen. cephalosporin
R -lactamallergy GPC Clinda™en:FQ; T/S; matro'de;doxycycine
_Recent antibiotics_ GPC + GNR_R -Lact--L-ase<l, T/S; Fluroquinolone _
Hi risk MRSA MRSA Linezelid,=T/S ; doxy®¢; ?macrolide; FQ

Mode@/ No complication ~ GPC %= GNR“R~L-ase 1; 2'Y/3'd gen cephalosporin

Water exposure; { \GNR } -Lase:2; S°S pen+ceftazidime,
warm climate' ~ (Pseudomonas) .S-S pen+cipro, grp 2 carbapenem

Isch¢™a/\necross/  GPC £1GNR™ R -L-ase 1 or 2; grp 1/2 carbpn
gas =+ anaerobes 2/3 g ceph+clinda or metronidazole
"MRSATrisks ~ MRSA Glycopeptides; linezolid:daptomycin;
fusidic 2¢d: T/S (Zrifamrin*: doxy; FQ

Risk resistant GNR ESBL, XDR Grp 2/3 carbapenem; FQ; amingglycoside;
colistin; tigecycline; minocycline
Lipsky et al, IWGDF 2015 Guidance on DFI

BAL © 2015
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Antimicrobial Therapy of DFI by Clinical Situation

Type Infection | Route Location Juration
Soft tissue
- Mild Oral (? Topical). | Qutpatient all 1-2 weeks

- Moderate/ | Oral (% injt. V) | Outpatient most |2-3 weeks
- Severe 1\, 'switch po Inpatient-all

Lipsky et al, IDSA Guidelines, Clin Inf Dis 2004;39:885
BAL © 2015




— UW/GTC/VO

Antimicrobial Therapy of DFI by Clinical Situation
Type Infection | Route Location Duration
Soft tissue

- Mild Oral (? Topical), | Gupatient all 1-2 weeks
- Moderate/ |Oral (£\islit.'IV) | Outpatient most | 2-3 weeks
- Severe l\Va'Switch po Inpdtient all
Bone
- Resected |1V or oral Inpatient— outpt | < 1 week
- Debrided I\VV or oral Inpatient— outpt | 4-6 weeks
- No surgery |1V, then oral Outpatient = 3 months

Lipsky et al, IDSA Guidelines, Clin Inf Dis 2004;39:885
BAL © 2015
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Simple Approach to Antibiotic Therapy for DFI

{ Is wound clinically infected? }

Yes
No need for Severe infection or any recent

antimicrobials

antibiotic therapy?
|

_
Initial broad-spectrum RXx; cover

MRSA, Pseudomonas or
anaerobes If risk factors

- J

~

Cover aerobic gram +
coccl (GNR if £+ rate)

Tallor therapy based on culture
results & clinical response

BAL © 2015
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Adjunctive Therapies for Diabetic Foot Infection

 Topical negative pressure wound therapy
— 1 paper (2 studies) infxn/microbial-contrat; low quality
* Hyperbaric oxygen therapy
— No evidence that helps cure)bone/ST infection
e Granulocyte colony stimulating factors
— May ¥ need far surgery (incldng LEA) & hospital LOS
— Does notlasten/improve guré of infection
* Rxwith'no proven valde.for curing infection
— Advanced dressings; silver based treatments
 Larval (maggot) biotherapy may be helpful
« Early surgery ? reduce LEA (2 low quality studies)

Peters et al, Diab Metab Res Rev 2015 (November)
BAL © 2015




— UW/GTC/VO

Antibiotic Treatment for Diabetic Foot Infection?

I’m ordering a new
Super-Antibiotic.
You won't just get better,
you'll get revenge!

BAL © 2015
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“The thoughtless person
= k playing with penicillin is
RAS | morally responsible for the
deathlof the man who
3 @ succumbs to infection with
~\- " a penicillin-resistant
AR et l organism.
"N\ | hope this evil can be
\o)! averted”

CYE | ~ Antibiotic Resistance
‘ —

|

< -- Alexander Fleming
NY Times 21 June 1945

BAL © 2015
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Antibiotic Overuse—> Resistance

* In 2011 US healthcare providers prescribed 262.5
million courses of antibiotics (842/1000.persons!)
 CDC: 30%-50% of antibiotic use in.hospitals is
unnecessary or inappropriate
e Deaths directly caused by antibiotic-resistant bacteria
— >23,000/ yearIin-US (2 million_illnesses)
— 25,000/year in Europe
o Antimicrobial stewardshipireduces: use of broad-
spéectrum agents, duration antibiotic therapy, length of
hospital stay, readmissions

Hicks et al, Clin Inf Dis 2015:60:1308
BAL © 2015
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Antibiotic Resistance in Europe

@

European Antibiotic Awareness Day Nov 16 2015 BAL © 2015
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Antibiotic Resistance in Diabetic Foot Infections

e Brazil' 2015: hospitalized pts; 69% staphylococci or
streptococci; 70% polymicrobial. Resistance:

— S. aureus: 52% TMP/SMX; 67% erythromycin;
59% MRSA,; 26% VRSA by disk (11% by MIC)
— Streptococci: 100%-cephalosporins, erythromycin
— Ps aerug: 75% cefotax; 50% imipen; 25% polymixin

o Mexico2 2015, outpts; 42%-S..aureus; 56% polymicrobial
Saureus: 88% MRSA, 10% VRSA

o Switzerland 2014: retrospective analysis 517 inpatients
HUG 2008-14; MRSA 15%; ESBL colonization 5%

Perim et al, Rev Soc Bras Med Trop 2015;48:546
?Cervantes-Garcia et al, Int J Low Extrem Wounds 2015;14:44

3Uckay, et al. Oxford Bone Infection Conference, 2015
BAL © 2015
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“A Major Breach of the Last Line of Defence”:
Plasmid-Mediated Colistin ReS|stance

Tarty A

Provinces of high pig production

Provinces of high chicken production

Area of retail meat sampling for mcr-1 screening

Area of live animal sampling for mcr-1 screening
® Area of inpatients for mer-1 screening

Liu et al, Lancet Inf Dis 2015 (epub 18 Nov)
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Lack of New Antibiotic Classes & Agents

Number of new antibiotic agents introduced

1982-1987 1988-1992 1993-1997 1998-2002 2003-2007 2008-2010

Fischbach MA, Walsh CT, Science 2009:325:1089

BAL © 2015
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And now...Antibiotic Shortages

Total

====Parenteral

d
=

Nonparenteral

2001-13 shortages of 148 antibacterial drugs
15% of all US shortages; 1 in 5 are antibiotic

I
£

o
L |

o
b ]
=0
(]
=
=
7 20
L=
-
>
o
=
e

Quadri et al, Clin Infect Dis 2015; 60:1737
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Antibiotics Are Not Like Other Drugs

* Responsible for more lives saved than any other
class of medications

* Used equally for humans and animails

 Allow life-saving procedures\etherwise not possible

 The more they're used-the 'less effective they are

e Use for 1 person.can W effectiveness for others

 All are destined to become ineffective over time;
microles have likely invented antibiotic mechanisms
to-protect against eyery biochemical target

Resistance already exists to drugs we’ve not invented!

BAL © 2015
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Teixobactin: A New Antibiotic

Resistant to Resistance

 First new class of antibiotic agent in 30 years

nhibits cell wall synthesis'by binding to |i

peptidoglycan) & hpid lll (= teichoic acid)

Effective in\witro & in experimental anima

solated from soll; using new methog of cultivation
-rom a GNR—; active on all. Gm+ (but not Gm-)

vid 11 (>

S: no AEs

— Found.no resistant mutants of Staph aureus or M. tb

* Properties suggest a/path to developing antibiotics that
are likely to be slow to develop resistance

Ling et al, Nature 2015 (epub 5 January)

BAL © 2015
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Nudging Appropriate Rx:
“Antibiotic Judo”
o All physicians & most educated patients are
aware of problem; education not the answer

* Nudging by public commitment: MD-signed

poster in exam room: (If an-antibiotic would
do more harm than good, 'your doctor will explain this &
offer better treatments) W inappropriate use by 20%

* Directly attackfear & uncertainty*root cause of dilemma
- Develop & use rapid'melecular dx tests bacterial vs

non-bacterial (non-infectious) diseases

- Financial incentives against unnecessary antibiotics
- Antibiotic “non-prescription”: why & what else to do

Meeker et al, & Spellberg B. JAMA Intern Med 2014; 174:425, 432
Carlet, Clin Infect Dis 2015; 60:1837

BAL © 2015
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Trends in Use of Prescription Antibiotics (%):
NHANES 1999-2012

P for trend <0.001,; for all ages groups <60

ercent/Number of persons

1999-2002 2003-2006 2007-2010 2011-2012

Frenk et al, J Antimicrob Chemother 2015 (epub Oct 12)
BAL © 2015
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Epidemiology DFI Hospitalizations USA: 1996-2010

23 Retrospective cohort study US National Hospital Discharges

1,059,552 DFI discharges; incidence of DFI/100 DM d/c
decreased by 52%
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Duhon et al. Ame J Infect Contr 2015 (in press 7 November)
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Bacteriophages: Specific Killers of Bacteria

* Discovered in 1915; first used
clinically in 1920s

 Largely replaced by antibiotics,
except in Eastern Europe
(especially Poland, Georgia)

 Making a comeback astherapeutic
agents for antibiotic-resistant
microorganisms

o Effective against common DFI
strains (planktonic &biofiim) e
including S. aureus, Pseudomonas, Bac__-’___ fiophages @29 & T2
Acinetobacter ] o

Mendes et al, J Med Microbiol 2014:63:1055
BAL © 2015
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Policy Framework for Sustainable Access to
Effective Antimicrobials

One Health

Uyijeay [ewiuy
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Dar et al, Lancet 2015 (epub November 18) BAL © 2015
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Targeting Optimal Antibiotic Rx: Think “ABX”

Appropriate indication

Be focused in spectrum

X cut treatment 'duration

BAL © 2015
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Improving Prescribing for Diabetic Foot Infections

Guidelines & Implementation

BAL © 2015



— UW/GTC/VO

ihankeYeu
BEANKE

BAL © 2015



	Foliennummer 1
	Doctor, your next patient is a diabetic with a foot infection...
	Epidemiology of Diabetic Foot Infections
	Hospital Discharges for Diabetic LE Condition�In Thousands, USA 1988-2007
	The “Post-Antibiotic” Era
	The Pre-Antibiotic Era
	Causes of Death in US: 1900 vs 2010
	Diabetic Foot Infection: the Pre-Antibiotic Era
	Diabetic Foot Infection in the Pre-Antibiotic Era
	Effect of Antibiotics on Major Amputation* & Mortality Rates for Diabetic Gangrene
	Foliennummer 11
	History of Diabetic Foot Infection: �Introduction of Antibiotic Therapy
	Foliennummer 13
	Inter- (vs Multi-) Disciplinary Team is Key
	Oral Antibiotics for Diabetic Foot Infections
	IV Antibiotics for Diabetic Foot Infections
	Systematic Review Treatment DFI: IWGDF 2015
	Systemic Antibiotics for Treating DFI: Cochrane
	Cochrane SR/MA of Topical Therapy DFI: Underway
	Factors Influencing Choice Antibiotic Rx DFI
	Selecting Empiric Antibiotic Regimen for DFI
	Antimicrobial Therapy of DFI by Clinical Situation
	Antimicrobial Therapy of DFI by Clinical Situation
	Simple Approach to Antibiotic Therapy for DFI
	Adjunctive Therapies for Diabetic Foot Infection
	Antibiotic Treatment for Diabetic Foot Infection?
	Antibiotic Resistance
	Antibiotic Overuse Resistance
	Antibiotic Resistance in Europe
	Antibiotic Resistance in Diabetic Foot Infections
	“A Major Breach of the Last Line of Defence”: Plasmid-Mediated Colistin Resistance
	A 2-Pronged Assault on Antibiotic Therapy
	Lack of New Antibiotic Classes & Agents
	And now…Antibiotic Shortages
	Antibiotics Are Not Like Other Drugs
	Teixobactin: A New Antibiotic �Resistant to Resistance
	Nudging Appropriate Rx: �“Antibiotic Judo”
	Trends in Use of Prescription Antibiotics (%): NHANES 1999-2012 
	Epidemiology DFI Hospitalizations USA: 1996-2010
	Bacteriophages: Specific Killers of Bacteria
	Policy Framework for Sustainable Access to Effective Antimicrobials
	Targeting Optimal Antibiotic Rx: Think “ABX”
	Improving Prescribing for Diabetic Foot Infections
	Foliennummer 44


Benjamin A. Lipsky, MD, FACP, FIDSA, FRCP

Emeritus Professor of Medicine, 

University of Washington

Visiting Professor, Teaching Associate, 

Green Templeton College, University of Oxford









Diabetic Foot Infections: Current Treatment 

& Delaying the “Post-antibiotic Era”















UW/GTC/UO









BAL © 2015









Doctor, your next patient is a diabetic with a foot infection...

















UW/GTC/UO









BAL © 2015





Epidemiology of Diabetic Foot Infections

Population having diabetes: 12+%

Severe:5-25%

Moderate: 30-60%

Wound infected at presentation: ~55%

Mild: 35+%

Develop a foot wound: ~25%

Lipsky et al, Clin Infect Dis 2012;54:132
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Let’s start by briefly reviewing the epidemiology of DFI. In many countries in the world the incidence of diabetes in the entire population is now surpassing 9%. Among these persons, about 25% will develop a foot wound in their lifetime. At presentation, just over half of these wounds are clinically infected; the severity of infection, using the IDSA/IWGDF (PEDIS) classification system is mild in about a third, Moderate in about half (depending on where the patient presents) and severe in 5%-25%.



Hospital Discharges for Diabetic LE Condition
In Thousands, USA 1988-2007



CDC, 2013: http://www.cdc.gov/diabetes/statistics

Number of hospital d/c for diabetic patients with peripheral arterial disease

 (PAD), ulcer/Inflammation/Infection, or neuropathy as 1st listed diagnosis



Ulcer/

Infection

PAD

Neuropathy
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Data on hospitalizations for diabetic foot problems is available from the US CDC. The incidence of hospitalizations increased from the late 1980s until about 2004; thereafter is has slightly declined. Looking at the reasons for these hospitalizations we see that PAD was the predominant cause until the late 1990s, when this problem decreased, while the incidence of admissions for ulcer and infection rose to become the major reason for hospitalization,



The “Post-Antibiotic” Era



-- Dr. Margaret Chan, OBE, MD, DSc

Director-General, World Health Organization
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Now, let me introduce the concept of the post-antibiotic era. The Director-General of the WHO summarized it well when she said two years ago…

To get a feel for what the post-antibiotic era would be like, we can look back to the pre-antibiotic era.



The Pre-Antibiotic Era
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There are certainly some things about the pre-antibiotic era that are wonderful… like the dance music and the movies. But, you would not want to get sick back then.





Causes of Death in US: 1900 vs 2010



Total: 52.7% 

Total: 2.7% 

Infections

US Centers for Disease Control
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Here we have data from the US CDC on causes of death at the start of the 20th century and the 21st century. As you can see death rates were 1100/100,000 and over 50% were caused by infections. The death rate almost halved in 2010, with fewer than 3% caused by infections.





“Conservative” treatment

Diabetic Foot Infection: the Pre-Antibiotic Era
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Let me present a case to you, recorded by Dr. Zierold from Minneapolis in the US. This patient with “diabetic gangrene” was doing poorly– based upon the only clinical measures at the time– blood and urine sugar levels and body temperature. Conservative tx was not helping, [click] so the patient underwent a LEA, with rapid improvement.



Diabetic Foot Infection in the Pre-Antibiotic Era

		Cause of 
Death		No. of Cases		% of 
Deaths		% All 
Patients

		Infection		42		50		5.2

		Cardio-renal		37		44		4.6

		Miscellaneous		5		6		0.6

		Total		84		100		10.4



Deaths after operation on lower extremities, n=806

Zierold, AA, Ann Surg Oct 1939
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But, which amputation was often necessary, outcomes were not very good. From these data from 1939 you can see that the death rate after LEA was over 10%, with more than half directly related to infection.



Effect of Antibiotics on Major Amputation* & Mortality Rates for Diabetic Gangrene

* Above or below knee amputation

**Sulfonamides used 1940-1944

		Reference		   Before Penicillin
Amputation   Mortality		After Penicillin Amputation   Mortality

		Regan et al, 
 1949		   99/140          12/136
   (70.7%)         (8.8%)		   36/122         5/122
  (29.5%)        (4.1%)

		McKittrick**   
 1946		 680/1036     101/1036
   (65.6%)         (9.7%)		  80/229          6/229
  (34.9%)        (2.6%)



Pushkin R, Lipsky BA (in preparation)
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Data from two studies in the late 1040s show what happened after penicillin became available for treatment. The rates of amputation went from about 70% down to about 30%, while the mortality rate declined from nearly 10% to about 3%. It is data like this that led to the oft-repeated expression of this era: “you didn’t need an RCT to know that penicillin worked”!
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History of Diabetic Foot Infection: 
Introduction of Antibiotic Therapy

After introduction of insulin (1922) next major advance in 	treating DFI was antibiotic therapy 

Allowed more conservative surgery (lower LEA level)

Made primary suturing safer option (better scar)

Reduced mortality of major surgery by almost half

No other major advances for >30 years

DFI “forgotten step-child” until early 1980s

Related to concept: “ischemia + infection = gangrene” 	with neglect of role of neuropathy

Connor H, Diabetes Metab Res Rev 2008;24(Suppl 1): S7 
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One of the towering figures in the diabetic foot field is Henry Connor. In a classic paper in 2008 he noted that after the introduction of insulin in 1922, the next major advance in treating DFI was the discovery of antibiotic therapy. It allowed more conservative surgery (BKAs instead of AKAs), and and noted reduced mortality. There were, unfortunately, no other major advances for over 30 years, with DFI being the “forgotten step-child” until the early 1980s. This was to some degree because of the persistent belief that the problem of diabetic gangrene was mostly related to ischemia, with a failure to recognize the imporance of neuropathy.





Lipsky et al, IWGDF DFI Guidance 2015
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I’d now like to review with you a synopsis of the approach to the diagnosis and treatment of diabetic foot infections from the new DFI infection document that you will receive on Saturday.



Inter- (vs Multi-) Disciplinary Team is Key



Swiss Army Knife
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Oral Antibiotics for Diabetic Foot Infections

Drug 			        Renal     MRSA	 Class

			       dosing?   activity?	

Diclox/Fluclox-acillin          No 	No    Penicillin (semi-synthetic)

Amoxicillin/clavulanate†     Yes 	No    β-lactam/β-lact inhibitor

Cephalexin† 		          Yes 	No    Cephalosporin (1st gen)

Cefdinir 		          Yes 	No    Cephalosporin (2nd gen)

Cipro/Levo/Moxi-floxacin†    Yes 	No    Fluoroquinolones

Clindamycin†		          No 	+/-    Lincosamide

TMP/SMX§ 		          Yes 	+      Folate inhibitors

Doxycycline§ 	          No 	+      Tetracycline

Linezolid§ 		          No	+      Oxazolidinone

Kosinski M, Lipsky BA. Expert Rev Anti Infect Ther 2010;8:1293 

† Used in published trials of treatment of diabetic foot infections.
§Active against community-associated methicillin-resistant S. aureus
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Let me briefly show you some of the antibiotic agents currently available for treating DFIs. Here is a list of 9 oral agents, with some data on whether or not they require dose adjustments for renal dysfunction and whether they cover MRSA, as well as the class of antibiotic in which the agent belongs.



IV Antibiotics for Diabetic Foot Infections

Kosinski M, Lipsky BA. Expert Rev Anti Infect Ther 2010;8:1293 

Drug 			      Class           MRSA?  B.frag? Renal?

Ampicillin/sulbactam    β-L/β-LI	         	   No	   Yes 	    Yes

Piperacillin/tazobactam  β-L/β-LI (Pseudo)	   No      Yes 	    Yes	

Gentamicin		   Aminoglycoside    	   No	   No	    Yes

Imi/Mero-penem    	   Carbapenem (grp 2)  No      Yes 	    Yes

Ertapenem‡ 	         	   Carbapenem (grp 1)  No      Yes 	    Yes

Levo/Cipro/Moxi-floxacin Quinolone              No      Yes 	    No

Clindamycin 		   Lincosamide       	 Some   Yes 	    No

Tigecycline¶ 		   Glycylcycline       	   Yes     Yes 	    No

Vancomycin¶# 	   Glycopeptide       	   Yes     No 	    Yes

Linezolid‡¶# 		   Oxazolidinone          Yes     No 	    No

Daptomycin¶‡ 	   Cyclic lipopeptide     Yes 	   No 	    Yes

Ceftaroline	        	   Cephalosporin (5 g)   Yes	   No	    No
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Here are similar data for 12 IV agents, with the addition of information on whether or not they cover the most resistant anaerobic agent, Bacteroides fragilis.



Systematic Review Treatment DFI: IWGDF 2015

Same search as 2011, reviewed August 2010-August 2014 

Only 7 new papers, for a total of 40 (37 RCTs; 3 cohort)

Moxifloxacin (IV/po) non-infer. to pip/tazo (IV, amox/clav po)

Tigecycline significantly inferior to ertapenem ± vanco for 	SSTI & DFO, with higher adverse event rate

Gentamicin-collagen sponge as adjunctive therapy did not 	improve outcomes at day 7, but did at test of cure

DeMarco formula (procaine + polyvinylpyrrolidone) as 	adjunctive therapy in DFI w/PAD  LE amputations

Microcyn (superoxidized sol’n) at least as effective as 	levofloxacin for mild DFU infections

Antibiotic therapy alone for osteomyelitis provides similar 	outcomes to surgical therapy (2 studies)



Peters et al, Diab Metab Res Rev 2015 (epub Nov)









UW/GTC/UO









BAL © 2015





When developing guidelines for treating DFIs we have tried to rely on the evidence available from systematic reviews. These are the findings of the most recent one conducted by the IWGDF, with Edgar Peters as the lead author.



Systemic Antibiotics for Treating DFI: Cochrane

941 references reviewed; 20 included in analysis

No antibiotic agent/regimen had higher rate of clinical 	resolution of infection or other end-points than comparator 

Only 1 trial (hi quality) identified significant difference: 	rate of infection resolution higher & adverse events lower 	with ertapenem (± vancomycin if MRSA) than tigecycline 

Differences in safety profile of agents in some studies

Quality of evidence low: limitations in design, hi diversity in	antibiotics, duration of treatments, outcome assess. time

Future studies: standardize infection severity criteria; define 	outcome measures; establish duration of treatment; report  	both short- & long-term outcomes

Selva Olid, Lipsky, et al. Cochrane Database SR 2015;9: CD009061
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Cochrane SR/MA of Topical Therapy DFI: Underway



Lipsky et al, Cochrane Database of Systematic Reviews (registered)
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We are also in the process of conducting a systematic review and meta-analysis of topical therapy for DFI; we are just now reviewing the papers retrieved from our search and the results should be available in a few months.



Factors Influencing Choice Antibiotic Rx DFI

Infection related

 - Clinical severity of infection 

 - Antibiotic therapy w/n 3 mos

 - Presence of bone infection 

Patient related

 - Allergy to any antibiotics

 - Immunological impairment

 - Patient treatment preferences

 - Patient adherence to therapy

 - Renal or hepatic insufficiency

 - Impaired GI absorption 

 - Peripheral arterial disease

 - Hi risk MDROs, unusual bugs

Pathogen related

 - Likelihood of non-GPC

 - H/O MDRO coloniztn/infxn

 - Local abx resistance rates

Drug related

 - Safety profile (freq., severity)

 - Drug interactions potential

 - Frequency of dosing

 - Formulary availability

 - Cost (acquisitn, administrtn)

 - Approval for indication

 -  risk C. diff or abx resist.

 - Published efficacy data

Lipsky et al, IWGDF Guidance DFI, Diab Met Res Rev 2015 (Nov)
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When selecting an antibiotic for treating a DFI there are 4 key issues to consider. The first are infection related.



Selecting Empiric Antibiotic Regimen for DFI

Severity   Additional Factors   Pathogens      Potential Regimens 

 Mild 	 No complications     GPC               S-S penicillin; 1st gen. cephalosporin

 	 ß -lactam allergy      GPC	             Clindamycin;FQ; T/S; macrolide;doxycycline

 	 Recent antibiotics    GPC + GNR   ß -Lact-ß-L-ase-1; T/S; Fluroquinolone

 	 Hi risk MRSA 	     MRSA            Linezolid; T/S ; doxycyc; ?macrolide; FQ

Moderate/  No complication       GPC ± GNR   ß -L-ase 1; 2nd/3rd gen cephalosporin

Severe	 Recent antibiotics    GPC ± GNR   ß -L-ase 2; 3 g ceph, grp 1 carbapenem  

	 Water exposure,	     GNR 	              ß -Lase-2; S-S pen+ceftazidime, 	   	   warm climate     (Pseudomonas)   S-S pen+cipro, grp 2 carbapenem

 	 Ischemia/ necrosis/    GPC ± GNR      ß -L-ase 1 or 2; grp 1/2 carbpn

	     gas	                  ± anaerobes     2/3 g ceph+clinda or metronidazole 

 	 MRSA risks	   MRSA	             Glycopeptides; linezolid;daptomycin; 				               fusidic acid; T/S (±rifampin)*; doxy; FQ

 	 Risk resistant GNR  ESBL, XDR   Grp 2/3 carbapenem; FQ; aminoglycoside; 				              colistin; tigecycline; minocycline



Lipsky et al, IWGDF 2015 Guidance on DFI
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This is a table that has been updated in the new infection guidance document. It presents suggested regimens for empiric therapy of DFI, categorized as mild or moderate/severe. The choice is largely based on specific clinical features, and an understanding of the usual causative pathogens.



Antimicrobial Therapy of DFI by Clinical Situation

		Type Infection
Soft tissue		Route		Location		Duration

		   - Mild		Oral (? Topical)		Outpatient all		1-2 weeks

		   - Moderate/
   - Severe		Oral (± init. IV)
IV, switch po		Outpatient most
Inpatient all		2-3 weeks





Lipsky et al, IDSA Guidelines, Clin Inf Dis 2004;39:885
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Antimicrobial Therapy of DFI by Clinical Situation

		Type Infection
Soft tissue		Route		Location		Duration

		   - Mild		Oral (? Topical)		Outpatient all		1-2 weeks

		   - Moderate/
   - Severe		Oral (± init. IV)
IV, switch po		Outpatient most
Inpatient all		2-3 weeks

		Bone						

		  - Resected		IV or oral		Inpatient→ outpt		< 1 week

		  - Debrided		IV or oral		Inpatient→ outpt		4-6 weeks

		  - No surgery		IV, then oral		Outpatient		≥ 3 months





Lipsky et al, IDSA Guidelines, Clin Inf Dis 2004;39:885
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Simple Approach to Antibiotic Therapy for DFI
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Now let me present to you a simplified version of selecting antibiotic therapy that works for the majority of patients. The first question is, “is the wound clinically infected”…





Is wound clinically infected?





No





No need for antimicrobials





Severe infection or any recent antibiotic therapy?





No





Initial broad-spectrum Rx; cover MRSA, Pseudomonas or anaerobes if risk factors





Cover aerobic gram + cocci (GNR if  rate)





Yes





Tailor therapy based on culture results & clinical response





Yes













































Adjunctive Therapies for Diabetic Foot Infection

Topical negative pressure wound therapy

 1 paper (2 studies) infxn/microbial-control; low quality

Hyperbaric oxygen therapy

 No evidence that helps cure bone/ST infection

Granulocyte colony stimulating factors

 May  need for surgery (incldng LEA) & hospital LOS

 Does not hasten/improve cure of infection

Rx with no proven value for curing infection

 Advanced dressings; silver based treatments

Larval (maggot) biotherapy may be helpful

Early surgery ? reduce LEA (2 low quality studies)



Peters et al, Diab Metab Res Rev 2015 (November) 
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Just a brief word about adjunctive therapies for DFI. For topical negative pressure…



Antibiotic Treatment for Diabetic Foot Infection?













I’m ordering a new 

Super-Antibiotic.



You won’t just get better, 

you’ll get revenge!
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Now when many clinicians treat difficult infections, they may think the way this doctor does…



Antibiotic Resistance



“The thoughtless person 

 playing with penicillin is 

 morally responsible for the

 death of the man who 

 succumbs to infection with     

 a penicillin-resistant   

 organism. 

I hope this evil can be averted”

-- Alexander Fleming 

   NY Times 21 June 1945
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But, that kind of prescribing is a major cause of antibiotic resistance. It didn’t take long to recognize that this was a problem. Within a few years of the introduction of penicillin, it’s discoverer, Alexander Fleming, said…



Antibiotic Overuse Resistance

In 2011 US healthcare providers prescribed 262.5 	million courses of antibiotics (842/1000 persons!)

CDC: 30%-50% of antibiotic use in hospitals is 	unnecessary or inappropriate

Deaths directly caused by antibiotic-resistant bacteria

>23,000/ year in US (2 million illnesses)

25,000/year in Europe

Antimicrobial stewardship reduces: use of broad-	spectrum agents, duration antibiotic therapy, length of 	hospital stay, readmissions

Hicks et al, Clin Inf Dis 2015;60:1308
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Yet, antibiotic overuse has continued to worse. Recently published data from the US in 2011 showed that…



Antibiotic Resistance in Europe



European Antibiotic Awareness Day Nov 16 2015
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30 EU/EEA countries report data on antimicrobial resistance yearly. Colors are various antibiotic classes; Organisms in white font. Bubble size=EU/EEA population-weighted mean resistance in % (from 1 to 60). + sign and darker color = increased resistance from 2009-2013; - sign and lighter color with dotted lines = decrease in resistance 2009-13.



Antibiotic Resistance in Diabetic Foot Infections

Brazil1 2015: hospitalized pts; 69% staphylococci or 	streptococci; 70% polymicrobial. Resistance:

S. aureus: 52% TMP/SMX; 67% erythromycin;   	59% MRSA; 26% VRSA by disk (11% by MIC)

Streptococci: 100% cephalosporins, erythromycin

Ps aerug: 75% cefotax; 50% imipen; 25% polymixin

Mexico2 2015; outpts; 42% S. aureus; 56% polymicrobial	S. aureus: 88% MRSA; 10% VRSA

Switzerland 2014: retrospective analysis 517 inpatients 	HUG 2008-14; MRSA 15%; ESBL colonization 5%



1Perim et al, Rev Soc Bras Med Trop 2015;48:546

2Cervantes-Garcia et al, Int J Low Extrem Wounds 2015;14:44

3Uçkay, et al. Oxford Bone Infection Conference, 2015
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“A Major Breach of the Last Line of Defence”: Plasmid-Mediated Colistin Resistance

Polymixins (including colistin) are last available agents 	for some antibiotic resistant GNR pathogens

Noted major increase in colistin-resistant E. coli in pigs 

Resistance due to plasmid-mediated mcr-1 gene

The mcr-1 gene in 15% of raw meat, 21% of animals and 	1% of 1322 samples from inpatients with infection

Previous colistin resistance involved chromosomal 	mutations, but not horizontal gene transfer

In a murine thigh model the plasmid passed from E. coli to 	K. pneumoniae and P. aeruginosa

Liu et al, Lancet Inf Dis 2015 (epub 18 Nov)













UW/GTC/UO









BAL © 2015





A 2-Pronged Assault on Antibiotic Therapy



Not only is there growing antibiotic resistance…

  but there are few new agents being developed
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There is a two-pronged problem with antibiotic therapy. Not only is resistance increasing, but…



Lack of New Antibiotic Classes & Agents

Fischbach MA, Walsh CT, Science 2009;325:1089





Number of new antibiotic agents introduced
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There is a lack of new antibiotic classes and new agents within those classes.



And now…Antibiotic Shortages

Quadri et al, Clin Infect Dis 2015; 60:1737



2001-13 shortages of 148 antibacterial drugs

15% of all US shortages; 1 in 5 are antibiotics
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And, if that were not bad enough, there are now severe problems with antibiotic shortages. As shown on this graph, starting in 2009, the number of shortages has increased



Antibiotics Are Not Like Other Drugs

Responsible for more lives saved than any other 	class of medications

Used equally for humans and animals

Allow life-saving procedures otherwise not possible

The more they’re used the less effective they are

Use for 1 person can  effectiveness for others

All are destined to become ineffective over time; 

		microbes have likely invented antibiotic mechanisms 	to protect against every biochemical target 



Resistance already exists to drugs we’ve not invented!
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It is crucial for prescribers and patients to understand that antibiotics…



Teixobactin: A New Antibiotic 
Resistant to Resistance

First new class of antibiotic agent in 30 years 

Isolated from soil; using new method of cultivation

From a GNR⎼; active on all Gm+ (but not Gm⎼)

Inhibits cell wall synthesis by binding to lipid II (  	peptidoglycan) & lipid III ( teichoic acid) 

Effective in vitro & in experimental animals; no AEs

Found no resistant mutants of Staph aureus or M. tb

Properties suggest a path to developing antibiotics that 	are likely to be slow to develop resistance



Ling et al, Nature 2015 (epub 5 January)
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They then used these organisms to look for new antibiotic compounds. The most promising of the many they isolated with Teixobactin…



Nudging Appropriate Rx: 
“Antibiotic Judo”



Meeker et al, & Spellberg B. JAMA Intern Med 2014; 174:425, 432

Carlet, Clin Infect Dis 2015; 60:1837

All physicians & most educated patients are 

		aware of problem; education not the answer

Nudging by public commitment: MD signed 

	poster in exam room: (If an antibiotic would

	do more harm than good, your doctor will explain this & 	offer better treatments)  inappropriate use by 20%

Directly attack fear & uncertainty: root cause of dilemma

- Develop & use rapid molecular dx tests bacterial vs 	non-bacterial (non-infectious) diseases

	- Financial incentives against unnecessary antibiotics 

	- Antibiotic “non-prescription”: why & what else to do
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Between now and when these and other new agents are available to us, experts have suggesting that the way forward od nudging appropriate therapy…



Trends in Use of Prescription Antibiotics (%): NHANES 1999-2012 

P for trend <0.001; for all ages groups <60 

Frenk et al, J Antimicrob Chemother 2015 (epub Oct 12)

2,0814

2,0347

2,0577

9,709

Percent/Number of persons
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Percent	

1999-2002	2003-2006	2007-2010	2011-2012	6.1	5.6	4.2	4.0999999999999996	





Epidemiology DFI Hospitalizations USA: 1996-2010



Duhon et al. Ame J Infect Contr 2015 (in press 7 November)

Retrospective cohort study US National Hospital Discharges

1,059,552 DFI discharges; incidence of DFI/100 DM d/c 

  decreased by 52% 
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Bacteriophages: Specific Killers of Bacteria

Discovered in 1915; first used 

clinically in 1920s

Largely replaced by antibiotics,

	 except in Eastern Europe 

	(especially Poland, Georgia)

Making a comeback as therapeutic 

	agents for antibiotic-resistant 

	microorganisms

Effective against common DFI

	strains (planktonic & biofilm) 

   	including S. aureus, Pseudomonas,

    Acinetobacter



Bacteriophages φ29 & T2

Mendes et al, J Med Microbiol 2014;63:1055
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An in the category of everything old is new again, we have bacteriophages, viruses that kill bacteria. These were discovered 100 years ago…



Policy Framework for Sustainable Access to Effective Antimicrobials



Dar et al, Lancet 2015 (epub November 18)
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A coherent framework of the different policy goals is necessary to tackle the complex public health and societal challenge of antimicrobial resistance. It needs to be rooted in a solid knowledge base and rely on investments and incentives for innovation and research and development (R&D). The premise should be to first secure universal access to antimicrobials so that they can be used appropriately when clinically warranted. The other sets of policy objectives are conservation strategies to preserve effectiveness. These strategies can rely on either reducing need through infection prevention or reducing unnecessary demand and supply, thereby fostering more responsible use. A robust surveillance and monitoring system is required to measure the state and progress of antimicrobial resistance control, serving as an important accountability mechanism. These sets of policies need to be framed from a One Health perspective that encompasses both human and animal health.



Targeting Optimal Antibiotic Rx: Think “ABX”



Appropriate indication



Be focused in spectrum



X cut treatment duration 

ABX
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Improving Prescribing for Diabetic Foot Infections



Guidelines



Implementation













UW/GTC/UO









BAL © 2015







 Thank You

Danke   schön
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Topical antimicrobial agents for preventing and treating foot infections in people
with diabetes
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“It's a prescription for one of those new
super-antibiotics. You won't just get
better, you'll get even.”
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Antimicrobial
resistance in Europe

Each year, 30 EU/EEA countries report data on antimicrobial resistance to the European F
Antimicrobial Resistance Surveillance Network (EARS-Net), hosted at ECDC.
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Microsoft_Excel_Worksheet1.xlsx

Sheet1


			 			Percent


			1999-2002			6.1


			2003-2006			5.6


			2007-2010			4.2


			2011-2012			4.1


						To update the chart, enter data into this table. The data is automatically saved in the chart.
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