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Clinical Picture

Non-surgical treatment of diabetic foot osteomyelitis

Crossidark
Mesut Mutlvoglu, Benjamin A Lipsky
suggestive of relapse of infection and CRP concentration

Lancet Diabetes Endoaring 2017: A 68-year-old man with well controlled type 2 diabetes
(4-2 mg/L) and ESR (8 mm/h) were normal.
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Diabetes Care Volume 37, March 2014

Antibiotics Versus Conservative S et e o
Surgery for Treating Diabetic Foot

Osteomyelitis: A Randomized

Comparative Trial

RESULTS

Eighteen patients (75%) achieved primary healing in the AG, and 19 (86.3%) in
the SG (P = 0.33). The median time to healing was 7 weeks (quartile [Q] 1 to Q5,

Q3-Q8)inthe AG and 6 weeks (Q1-Q3,Q3-Q9) inthe SG (P=0.72). The conditions
of four patients from the AG worsened (16.6%), and they underwent surge

Three patients from the SG required reoperation. No difference was found be-

tween the two groups regarding minor amputations (P = 0.336).



 Antibiotic therapy —
what we know




Table 7. Studies of Antibiotic Therapy for Diabetic Foot Infections Published Since 2004 (and Not Included in Previous Version of This

Guideline)

Antibiotic Agent(s) (Route)
Metronidazole + ceftriaxone vs
ticarcillin/clavulanate (V)

Ceftobiprole vs vancomycin +
ceftazidime (IV)

Piperacillin/tazobactam vs ampicillin/
sulbactam (IV)

Daptomycin vs vancomycin or
Semisynthetic penicillin (V)

Ertapenem vs piperacillin/
tazobactam (IV)

Moxifloxacin (IV to PO) vs
piperacillin/tazobactam (V) to
amoxicillin/clavulanate (PO)

Pexiganan (topical) vs ofloxacin (PO)
Ceftriaxone vs fluoroguinolone (IV)

Moxifloxacin vs amoxicillin/
clavulanate (IV to PO)

Tigecycline vs ertapenem (IV)

Piperacillin/tazobactam vs
Imipenem/cilastatin (IV)

Patients
Treated, No.

70

828

314

586

78

835

804

944

62

Study Design

Prospective open label
RCDBT DFI subgroup
Prospective open label
RCSBT DFl subgroup
RCDBT

RCDBT DFI subgroup
2 RCDBTs
Prospective open label
Prospective open label
RDBCT

RCT open-label

Patient
Group

H

Type/Severity of
Infection

Older men, Wagner
grades 1-3
cSSSI

Moderate/severe
infected DFU

Gram + DF|

Moderate/severe
DFI

¢SSSI, including DFI
(not classified)

Mildly infected DFU

“Severe limb-
threatening” DFI

¢SSS!, including DFI

Qualifying DFl+
osteomyelitis
Severe DF,

including
osteomyelitis

Reference

Clay 2004 [150]

Deresinski 2008
[147]

Harkless 2005 [149]
Lipsky 2005 [155]
Lipsky 2005 [120]

Lipsky 2007 [148]

Lipsky 2008 [114]

Lobmann 2004
[151]

Vick-Fragoso 2009
[152]

Clinicaltrials.gov
2010 [158]

Saltoglu 2010 [157]
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Antibiotic therapy — what we know

IDSA GUIDELINES

2012 Infectious Diseases Society of America
Clinical Practice Guideline for the Diagnosis
and Treatment of Diabetic Foot Infections®

Benjamin A. Lipsky,’ Anthony R. Berendt Paul B. Cornia,’ James C. Pile,' Edgar J. G. Peters,” David G. Armstrong,®
H. Gunner Deery,’ John M. Embil * Warren S. Joseph,® Adolf W. Karchmer,” Michael S. Pinzur," and Eric Senneville®

'Department of Medicine, University of Washington, Veterans Affairs Puget Sound Health Care System, Seattle; “Bone Infection Unit, Nuffield
Orthopaedic Centre, Oxford University Hospitals NHS Trust, Oxford; *Departmént of Medicine, University of Washington, Veteran Affairs Puget Sound
Health Care System, Seattle; “Divisions of Hospital Medicine and Infectious Diseases, MetroHealth Medical Center, Cleveland, Ohio; “Department of
Intemal Medicine, VU University Medical Center, Amsterdam, The Netherlands; *Southem Arizona Limb Salvage Alliance, Department of Surgery,
University of Arizona, Tucson; "Northem Michigan Infectious Diseases, Petoskey; *Department of Medicine, University of Manitoba, Winnipeg
Canada; *Division of Podiatric Surgery, Department of Surgery, Roxborough Memorial Hospital, Philadelphia, Pennsylvania; "°Department of Medicine,
Division of Infectious Diseases, Beth Isrdel Deaconess Medical Center, Harvard Medical School, Boston, Massachusetts; " Department of
Orthopaedic Surgery and Rehabilitation, Loyola University Medical Center, Maywood, lllinois; and '“Department of Infectious Diseases, Dron Hospital,
Tourcoing, France

Clinical Infectious Diseases 2012;54(12):132-173
Published by Oxford University Press on behalf of the Infectious Diseases Society of America 2012.
DOI: 10.1093/cid/cis346



Table 8. Suggested empirical antibiotic regimens, based on clinical severity, for diabetic foot infections.

Route and agent(s)

Mild

Moderate

Savare

Advised route

Dicloxacillin

Clindarnycin

Ceaphalexin
Trimethoprim-sulfameathoxazole
Armoxicillinlavulanate

Levofloxacin

Cefoxitin

Ceftriaxone

Armpicillin/sulbactam

Linezolid® twith or without aztreonam)
Daptormycin® (with or without azirecnam)
Ertapenem

Cefuroxirne with or without metronidazele
Ticarcillin/clavulanate
Piperacillin/tazobactam

Levofloxacin or ciprofloxacin with clindarmyein
Imipenem-cilastatin

Vancomyein® and ceftazidime twith or without
metronidazole)

Cral for most

Yes
Yes
Yes
Yes
Yes
Yas

Cral or parenteral, based
on clinical situation and
agent(s) selectad

Intravenous, at least
initially

Yas
Yas
Yas

IDSA 2012




Putting the sponge on the wound



Efficacy and Safety of a Topical Gentamicin-Collagen Sponge
(GCS) in Combination with Systemic Antibiotic Therapy for
Moderate or Severe Diabetic Foot Ulcer Infection (DFUI):
A Randomized, Controlled Study

llker Uckay, Benjamin Kressmann, Sarah Malacarne, Anna Toumanova, Jaafar Jaafar,
Daniel Lew, Benjamin A. Lipsky

ClinicalTrials.gov (NCT01951768)
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DIABETICMedicine

DO 10.11114.1464-5491.2011.03528 x

Article:; Clinical Practice

Does osteomyelitis in the feet of patients with diabetes
really recur after surgical treatment? Natural history of
a surgical series

J. Aragon-Sanchez', J.L. Lazaro-Martinez®, C. Hernandez-Herrero®, N. Campillo-Vilorio®,
Y. Quintana-Marrero’, E. Garcia-Morales® and MJ. Hemandez-Herrero'

"Diabetic Foot Unit, La Paloma Hospital, Las Palmas de Gran Canaria) "Diabetic Foot Unit, Complutense University Clinic, Madrnid “Endocrinalogy Department.
Uirnversity Macarena Hogpital, Sewville, Spain and *Diabetic Fool Unit, Diabetology Department, Plaa de la Salud General Hespital, Dominican Republic

64 patients: median durationof follow-up was 101.8
weeks

* Recurrence 4.6%

e Re-ulceration 43.0%

e New osteomyelitis 16.9%




Internatonal Journal of Infectious Diseases 59 (20017 ] 61-64

Contents lists available at Sciencelirect

International Journal of Infectious Diseases
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Are antibiotic-resistant pathogens more common in subsequent @msmm
episodes of diabetic foot infection?

Dan Lebowitz®"™!, Karim Gariani™“', Benjamin Kressmann™“, Elodie von Dach®,
Benedikt Huttner”*, Placido Bartolone®, Nam L&”, Morad Mohamad®,
Benjamin A. Lipsky”", llker Uckay"™=*

Table 1
Rates of antibiobc resistance according to the increasing number of episodes of
diabetic foot infecion.

All pathogens causing DFL, by episode p-Value”
Episode 1 Episode 2 Episode 3

49% 23F 14% 021
53% 25% 11% 0.08

L 23% = 038
46% 23% 175% 027

[*H, diabetic foot infecton.
* p-Value tor trend.






ANTIBIOTICS AND BONE PENETRATION

Landersdorfer CB et al. Clin Pharmacokinet 2009;48:89-124

LINEZOLID

¥ PIPERACIL
PERACILLIN
ETHICILLIN

RIAXONE (CO

RAMYCIN
COMYCIN (CA

MYCIN (CO)
OXACILLIN

LLIN (CO)

CEFTRIAXONE (CA)

TEICOHR

[RIFAMPIN

EFAMANDOLE
AMYCIN
DXACIN

(CA)

LIN (CA)

cO)

cO)

LEVOHALOXACIN (CQ)

LANIN
1E

LEVOFLOXAQG

IN (CA)

0.4

0.6

BONE/SERUM RATIO

0.8

1.2

1.4




THE COCHRANE
COLLABORATION®

Analysis 1.2. Comparison | Oral antibiotic versus parenteral antibiotic (AB), Outcome 2 Remission at least
| 2 months after the end of treatment.

Revsw  Antibiotics for treatinglchronic osteomye litis in adults

Companson: | Oral antibiotic versus parenteral antibiotic (AE)

Outcome: 2 Bemission at least 12 months after the end of treatment

Study or subgroup Oral AB Parenteral AR Risk Ratio Wieight Risk Ratio
AN AN M-H Fixed 95% CI M-H Fixed, 95% CI

Gentry 1930 2413 12128 il 485 % 0.99 [ 0.75, 1.29 ]
Gentry 1991 14/19 12/14 - 29.0 % 086 D&, 1.21]
Mader 1990 11714 10712 —=— 226 % 0.94 [ 05, 1.37 ]
Total (95% CI) 64 54 - 100.0 % 0.94 [ 0.78, 1.13 |

Total events: 42 (Oral AB), 44 (Parerteral AR)
Heterogeneity Chi® = 038, df = 2 (P = 083); I =0.0%
Test for overall effect: £ = 066 (P = 051

QI G2 Q5 | 2 310

Conterno et al. Cochrane 2008

Favours parenteral Fawours aral



Bacteriostatic vs. bactericidal agents

for osteoarticular infections
B. Kressmann, I. Uckay, C. Landelle, M. Betz, D. Lew, BA. LIpsky

EXAMPLES:

_ EXAMPLES:
Chioramphenicol Aminoglycosides
Ergfrm mmw:_m Beta-lactams
Clindamycin Vancomycin

Sulfonamides Quinolones
Trimethoprim Rifampin
Tetracyclines Metronidazole




AmoxXicillin / Clavulanate




AR IR 1997  RCT

2006 Retro

Lazaro- 2014 RCT

Martinez et

al 40

Proportion treated | Proportion

diabetic foot |with a oral B- reported in

infections lactam antibiotic | remission
108 (26 with  60% 83%

osteomyelitis)
93 with

100% (amoxcivlay) 75 (80.5%)

osteomyelitis

24 with 100% (amoxcivlav) 75%

osteomyelitis

No difference
when compared
to oral quinolone
followup
duration was 50
+/- 50 weeks
Daily dose: 1000

mg bid

Courtesy of Prof. P. Sendi
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Oral amoxicillin-clavulanate for treating diabetic foot
infections

Karim Gariani MD'? | Dan Lebowitz RN | Benjamin Kressmann RN? |
Elodie von Dach RN?! | Parham Sendi MD*® | Felix Waibel MD® | Martin Berli MD? |
Tanja Huber PhD” | Benjamin A. Lipsky MD*® | llker Uckay MD? ©

!Service of Infectious Diseases, Geneva

University Hospitals, Geneva, Switzerland Aim: To assess amoxicillin-clavulanate (AMC) for the oral therapy of diabetic foot infections
3Service of Diabetology and Endocrinology. (DFls), especially for diabetic foot osteomyelitis (DFO).

Geneva University Hospitals, Geneva, Methods: We performed a retrospective cohort analysis among 794 DF| episodes, including
—
*Service of General Internal Medicine. Geneva Results: The median duration of antibiotic therapy after surgical debridement {including partial

University Hospitals, Geneva, Switzerland :
p of Soass Dis il amputation) was 30 days (DFO, 30 days). Oral AMC was prescribed for a median of 20 days

Hospital Epidemiology, University Hospital {(interguartile range, 12-30 days). The median ratio of oral AMC among the entire antibiotic
Basel, Basel, Switzerland treatment was 0.9 (interquartile range. 0.7-1.0). After a median follow-up of 3.3 years, 178 DFlis
SDepartment of Orthopaedics and (22%) overall recurred (DFO, 75: 22%). Overall, oral AMC led to 74% remission compared with
Traumatology. University Hospital Basel, Basel, 79% with other regimens (*-test: P = 0.15). In multivariate analyses and stratified subgroup

Switzertand
- - - analyses, oral AMC resulted in similar clinical outcomes to other antimicrobial regimens, when
Orthopaedic Surgery, Balgrist University R p_—

Hospital, Zurich, Switzertand i

"Pharmacology. Balgrist University Hospital,
Zurich, Switzerland

Conclusions: Oral AMC is a reasonable option when treating patients with DFls and DFOs.
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Table 8. Suggested empirical antibiotic regimens, based on clinical severity, for diabetic foot infections.

Route and agent(s)

Mild

Moderate

Savare

Advised route

Dicloxacillin

Clindarnycin

Ceaphalexin
Trimethoprim-sulfameathoxazole
Armoxicillinlavulanate

Levofloxacin

Cefoxitin

Ceftriaxone

Armpicillin/sulbactam

Linezolid® twith or without aztreonam)
Daptormycin® (with or without azirecnam)
Ertapenem

Cefuroxirne with or without metronidazele
Ticarcillin/clavulanate
Piperacillin/tazobactam

Levofloxacin or ciprofloxacin with clindarmyein
Imipenem-cilastatin

Vancomyein® and ceftazidime twith or without
metronidazole)

Cral for most

Yes
Yes
Yes
Yes
Yes
Yas

Cral or parenteral, based
on clinical situation and
agent(s) selectad

Intravenous, at least
initially

Yas
Yas
Yas

IDSA 2012




DIABETES, OBESITY AND METABOLISM

Table 1. Results of selected reports from around the world over the past decade of the microbiology of diabetic foot wounds,

Percentage of isolates from wound culture

First author Typesof  No. of Gram-  Gram-

|Reference] Country lear wounds  patients Staphylococci Streptocoeci  positive negative  Ps. aeruginosa - Anaerobes
Carvalho [109] Brazil 2003 Infections 141 20 4 29 59 7 12
Candel [110] Spain 2003 Infections 27 49 15 78 22 l 2
Anandi [111] India 2004 Infections 107 14 — — — — 4
Unachukwu [112])  Nigeria 2005 Gangrene — 60 56 — - — A\ —
Senneville [113] France 2005 Bone 76 52 12 — 18 2 5
Abdulrazak [114]  Kuwait 2005  Infections 86 38 17 74 26 18 11
Shankar [115] India 2005 Infections 77 — 3 42 58 30 6
Yoga [116] Malaysia 2006 Infections 44 20 — — — 14 —
Gadepalli [72] India 2006  Ulcers 80 20 0 33 51 10 15
Sharma [117] Nepal 2006  Ulcers — 38 - — — 18 -
Ormen [118] Turkey 2007 Bone 50 —_ — 40 60 — —
Raja [119] Malaysia 2007 Infections 194 44 25 45 52 25 —
Cetin [120] Turkey 2007 Infections 65 18 6 59 41 8 3
Dowd [121] USA 2008 Ulcers 40 8 37 - — 15 18
Umadevi [122] India 2008 Infections 105 17 29 71 17 0

0
Khoharo [123] Pakistan 2009 Infections 60 20 3 2
Ramakant [35] India 2010  Ulcers 447 19 3 3l 57 17 ]
Zubair [124] India 2010 Infections 60 31 0 0

M Taal Ly o P, S AnAA el R = 1T







55 diabetic foot infections, surgery 84%
2 microbiological assessments:

On admission, and 1 week later.

Table 1. First culture showing community acquired infections

Table 3: Second culture showing hospital acquired infections.

Organisms isolated F %) —%
. (,::;[:';m { Organism 1solated Frequency (%)
Klebsiella 14 (25.5)
Enterococci 9(16.4) E. coli 8 (14.5)
Proteus 4 (7.3)
Proteus 7(12.7)
Staphylococcus aureus 4(7.3)
e r—— T00) Gram positive coccl n pairs 4(7.3)
| Pseudomonas 1(1.8) Staphylococcus aureus 4(73)
Gram negative cocci 1(1.8) . . —_—
Non-fermenting gram negative bacilli | 1 (1.8)
Non-fermenting gram neg bacilli | 1 (1.8)
No growth 7(12.7) No growth 3 (55)




Proportions of « new infections »

B Proportion new
pathogens

Proportion same
pathogens

Number of debridements

TR University of :
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Distribution according to the Gram coloration

B New Gram-negatives

New Gram-positives

TR University of
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Table 11. Suggested Route, Setting, and Durstion of Antibiotic
Therapy. by Clinical Syndrome
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ORIGINAL ARTICLE

Remission in diabetic foot infections: Duration of antibiotic
therapy and other possible associated factors

Karim Gariani MD? | Dan Lebowitz MD?! | Elodie von Dach RN® |
Benjamin Kressmann RN | Benjamin A. Lipsky MD** | llker Uckay MD*3 ©
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Six-Week Versus Twelve-Week Alina Tone." Sophie Nauyen®

Fabrice Devermy.” Héléne Topolinski,®

Antibiotic Therapy for e Vot Narie Caraubie”
Nonsurgically Treated Diabetic Chiistine Lemaire.” and Eric Sennevile

Foot Osteomyvelitis: A Multicenter
Open-Label Controlled

Randomized Study

Digbetes Care 201538 302-307 | OOU: 10.2337/dc14-1514

Table 4=Clinical outcome of 40 diabetic patients with osteomyelifis of the foot

treated nonsurgically according to the duration of antibiotic thera Table 3=Antibiotic-related gastrointestinal adverse events reported in 40 diabetic
& weeks 13 weeks patients with DFO treated nonsurgically according to the duration of antbiotic
Patient outcome nz i n= P ther apy
l”‘" Al i ) 60l 14 [0l 050 bweeks 12 weeks
=== = = Antiblotic-related adverse events ne n=
Complete heaing’ 18 [90) 16 (80) 0.38 . 10
Tmetocomplete healig [weeks + D) 134+127 168104 o4 e LG 1)
. Vomiting 1(5) 2(10)
Overdl fallure & (a0) b (30) 0.50 — . ) 110
Noncomplete healing 2(10) 4 (20} 0.37 r .Ea . . 10}
Relapsing osteomyeli 2 (15] 1(15) Hepedcopmply/dolaek LBl 35
Total 315 g (45)"
Warsening radiological bone abnomalities & (30) 4 (20) (.46 B i
Bone resection 3 (10} 2 [10) i Data are number of patients [%). °F = 0.04.
Spread of osteomyelitis to contiguous sites 4 (20) 1(10) 0.37

Major amputation 2(10) 1(10) 1




Post-amputation, residual osteitis ?

Patients with no definite failure or

proximal amputation, %

100

90 1
80 1
70 1
60
501

30 1
20 1
10 1

Negative Margins
1Year: 89% (95% CI, 78-94)
2 Year: 84% (95% CI. 70-91)

Positive Margins
1Year 63% (95% ClI. 45-76)
2 Year: 59% (95% CI. 41-73)

0 1
Failure-free Survival, years

Kowalski et al. J Foot Ankle Surg 2011



Swiss Working Group (2019)

Diabetic Foot Infection: Treatment

4, Antibiotics 2 - Duration of treatment
A, Soft tissue infection
* Mild: 5-7 days or dependent on clinical course
*  Moderate: 7-14 days or dependent on clinical course

bl =W=1a=h -/} fave ar denanfsnt on il OLIFSE

B. Osteomyelitis
»  4-6 weeks if no resection of infected hone

*  2-6weeks if residual infected (but viable) bone after resection

J-1 Week =sidUal INTecte e aTtel rese

postamputation)



Study design: Unblended randomized prospective trial
Postoperative randomization 1:1 concerning duration of systemic antibiotics:

E 1 vs. 4 days for eventual residual soft tissue infection

: 1 vs. 3 weeks for eventual residual stump osteitis
Stop of all antibiotics if no intraoperative bacterial growth at Day 4 or according to
randomization arm. Choice of antibiotics according to international guidelines.
Oral antibiotics possible.

Inclusion / Exclusion Inclusion criteria;
criteria: o Agez18years

o Diabeticfootinfections orischemia/necrosis with surgicalamputation/disarticulation
levelin vicinity of MRl signs of infection
o Atleasttwo months of follow-up from hospitalization

» Patientsigning to participate, including acceptance of local wound care, off-loading and
arterial re-vascularization (if clinically indicated).

Exclusion criteria;

o Atleast5cmof distance between amputation leveland infection.

» Anyconcomitantinfection requiring more than 5 days of systemic antibiotic therapy
» Eventualosteosynthesis material not removed




Principles and practice of antibiotic stewardship in
the management of diahetic foot infections

liker Uckay™®, Martin Berl. Parham Sendi®®, and Benjamin A. Lipsky®"

Purpose of review
Systemic antibiotic therapy in persons with a diabetic foot infection (DFI) is frequent, increasing the risk of

promoling resistance to common pathogens. Applying principles of antibiotic stewardship may help avoid
this problem.

Recent findings
We performed a systematic review of the literature, especially seeking recently published studies, for data
on the role and value of antibiotic stewardship (especially reducing the spectrum and duration of antibiotic

therapy) in community and hospital populations of persons with a DFI.



Table 1. Summary of possible measures to promote antibiotic stewardship in diabetic foot infections (authors’ selection)

Setting Group action Individual action  Difficulties Reference
Community  Statewide policies No specific governmental initiatives found -
Treatment guidelines Less antibiotic use ~ None Lipsky [2]
Diabetic foot centers No published proof of antibiotic prescribing -
Quicome benchmarking Varied case-mix clouds inferpretation Milne [32]
Healthcare | Stewardship programs Less antibiotic use  Resource-consuming Lipsky [18]
institutions

Withhold antibiotics

before sampling

Guidelines for
microbiological sampling

Restriction of selected antibiotics
Cycling of antibiotic agents
Clinical pathway

Link doctors/nurses

(dedicated staff)
Feedback of results
Professional wound care
Bucieriophage Ihempy
Topical
antiseptics
|nfecfio|ogy consultant

New diagnostic tools

Reluctance to withdrawal antibiotics

None

Difficult to gain accepted by clinicians
No published data for diabetic foot infections
Targets mostly amputations and ulcer care

Not explored in the literature

Benefit not specifically reported in the literature
None
Minimal published evidence of clinical eﬁicucy

No benefit if combined with systemic anfibiotics

Availability of ID consultant

Unclear influence on antibiofic prescribing

Al-Mayahi [38]
Sotto [41]

Lipsky [18]

Martinez [39]

Lipsky [18]
Lipsky [2]
Chibber [31]
Abbas [29]

Uckay [37]
Lavigne [42]
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