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Abstract

Background

Infected diabetic foot ulcers (DFU) acutely threaten limbs. Invasive systemic infections
(1SI) related to DFU (DFU-ISI) following initial hospitalization and their impact on
mortality are not defined.

Methods

We conducted a retrospective cohort study of 819 diabetic patients hospitalized for
1212 unique foot ulcers management during a 9-year period. Index hospitalization was
the first admission for a unique DFU. DFU-ISI was judged when the causative
microorganism was concomitantly or previously cultured from the index ulcer. We
determined the 24-month risk of DFU-ISI and mortality after index hospitalization.
Results

Of the 1212 DFUs, 141 patients subsequently developed a total of 172 DFU-ISI episodes.
The distribution of initial 141 DFU-ISI were bacteremia 64%, deep abscess 13%, lower
respiratory tract 10%, endocarditis 7% and skeletal 6%. Methicillin-resistant
Staphylococcus aureus (MRSA) caused 56.7 % of these ISls. The cumulative probability
of DFU-ISI and all-cause mortality was highest among patients with an initial positive
MRSA ulcer culture and a protracted ulcer healing course (31 % and 13%, respectively).
Cox regression modeling identified that protracted non-healing ulcer (hazard ratio (HR),
2.887; 95% confidence interval (Cl), 1.958-4.258) independently predicted the
occurrence of ISl and that DFU-ISI was independently associated with increased risk of

mortality after index hospitalization (HR, 2.437; 95% Cl, 1.382-4.299).
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Conclusions

ISI, a late complication of DFU, is an important clinical entity, especially with MRSA
containing chronic open ulcers. This study suggests that clinicians incorporate treatment
strategies to accelerate ulcer healing and address MRSA into the care of diabetic

patients with foot ulcers.
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Foot ulcers are a common problem and source of morbidity for patients with diabetes
mellitus (DM) [1]. Among diabetic patients 2-3 % will develop lower extremity ulcers
annually and 15% will have foot ulcer during their lifetime [2-6]. About half of diabetic
foot ulcers (DFU) are infected at the time of their presentation to a treating physician [7].
The healing course of a DFU, especially when complicated with contiguous osteomyelitis,
is often protracted and may require repeated hospitalization, surgery, and amputation.
[8-10]. Among diabetics, an infected foot ulcer is the second most frequent indication
for lower extremity amputations and markedly increases amputation risks [10-13].
Although infected foot ulcers and contiguous osteomyelitis are well-recognized
as leading to hospitalization and amputation [6-13], little is known about the
subsequent occurrence of invasive systemic infection (ISI) among diabetic patients with
an open ulcer. Open foot ulcers in diabetic patients have been proposed as the portal of
entry for Staphylococcus aureus causing endocarditis and complicated spondylodiscitis
[14,15]. Although not studied systematically, it is reasonable to hypothesize that
diabetic patients who after hospitalization are discharged with a non-healing ulcer are
vulnerable to not only local infections but also invasive systemic infections (ISI). The
burden of diabetes on individual patients and the healthcare system will be
underestimated without understanding DFU-associated ISI (DFU-ISI) [16,17]. This study
investigates the frequency, epidemiology, microbiology, independent predictors and

health impact of DFU-ISI occurring subsequent to initial treatment of DFU.
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Methods

Study Design, Setting, and Patient Selection

All adult diabetic patients hospitalized at Beth Israel Deaconess Medical Center,
Boston Massachusetts, a 530-bed tertiary-care teaching hospital, for foot ulcer
management between 1 January 2002 and 31 December 2010 were studied
retrospectively. Cases were identified from computerized hospital informatics system
and a podiatry division registry system. The first hospitalization for a specific foot ulcer
was defined as the index hospitalization and ulcer. Repeat hospitalizations for that ulcer
were further reviewed to assess treatment of the index ulcer. Patients were excluded if
cultures were not obtained from the index DFU or if treatment during the index
hospitalization included a below the knee amputation. The study was approved by the

Institutional Review Board of the hospital.

Data Collection and Information on Variables

Patient data collected from the index hospitalization included sex, age, pre-
existing comorbid medical conditions, diabetes and prior diabetic foot-specific medical
and surgical history, initial ulcer condition and severity of infection, ankle-brachial
pressure index (ABI), presence of ipsilateral neuropathy or peripheral arterial disease,
microbiological results, treatment including surgical debridement, revascularization,
and antibiotics, length of stay (LOS), and DFU wound status at the time of index
hospitalization discharge. Data regarding subsequent treatment of the index ulcer

including microbiology, re-admission and LOS of each hospitalization, new amputation,
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occurrence of DFU-related local or systemic infections, and survival were collected from
the hospital and outpatient clinic records.

Severity of comorbidities was defined using the modified Charlson comorbidity
score [18,19]. Diabetic foot ulcer was described according to Wagner Classification [20].
Severity of diabetic foot infection was assessed by 4 PEDIS infection grading system [21].
Ipsilateral arterial insufficiency was defined by either an ABI < 0.8 or clinical evidence of
limb hypo-perfusion (non-palpable peripheral pulse and cold limb) on physical
examination [13, 21]. Diagnosis of contiguous osteomyelitis was made by the presence
of any of the following findings: (1) visible bone exposure or positive probe-to-bone test;
(2) compatible magnetic resonance imaging; (3) positive result of bone culture obtained
by surgical debridement or biopsy; or (4) histopathological report of bone tissue [23,24].

Surgical wound closure before discharge from index hospitalization was defined
as achieving a well-approximated wound after debridement or ulcer excision (including
the use of split-thickness skin graft). Ulcer healing was defined by a continuous viable,
epithelial covering of previously open wounds as documented in outpatient clinic
records [25]. If an index ulcer healed without need of repeated hospitalization or
surgery, the healing course was termed uncomplicated. The duration of an open wound,
including that resulting from repeated debridement, was calculated from the date of

discharge from index hospitalization to the date of complete healing noted in the clinic.

Patient Classification and Outcome Measurement
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Patients were classified according to the initial wound culture during index
hospitalization and the ulcer healing course after discharge from the index
hospitalization: group 1: wound culture negative for MRSA and uncomplicated ulcer
healing course; group 2: wound culture negative for MRSA and complicated ulcer
healing course; group 3: wound culture positive for MRSA and uncomplicated ulcer
healing course; and group 4: wound culture positive for MRSA and complicated ulcer
healing course.

An ISl episode included infection of the bloodstream, endovascular site, skeletal
site, deep soft tissue abscess, or lower respiratory tract. DFU-related invasive systemic
infection (DFU-ISI) was defined when the organism causing ISI had been previously or
concomitantly cultured from the index DFU. Stringent DFU-ISIs were primary bacteremia
and bacteremia from DFU infection as well as infections considered likely related to
hematogenous seeding from the DFU (endovascular, skeletal, deep tissue abscess).
Osteomyelitis or septic arthritis contiguous with the index ulcer without bacteremia was
considered as DFU-related local infection, not an ISI.

The primary study outcome was the occurrence of DFU-ISI within 24 months
after the index hospitalization. The impact of DFU-ISI on mortality at 2 years was a

secondary outcome.

Statistical Analysis
Because we aimed to investigate the risk factors associated with the occurrence

of subsequent ISl using variables easily obtained during index hospitalization, each
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unique DFU was considered as an independent event and constituted the total study
number in the statistical analysis. Mean * standard deviation values were calculated for
continuous variables, and percentages were used for categorical variables. Clinical
characteristics of study patients with and without the occurrence of DFU-ISI were
compared. Categorical variables were compared with the Chi-square or Fisher’s exact
test and continuous variables were compared with independent Student’s t test.
Cumulative probability of the occurrence of first DFU-ISI episode and survival after index
hospitalization were calculated from the discharge date of index hospitalization using
the Kaplan-Meier method. The difference in cumulative probability of DFU-ISI
occurrence and survival between the four study groups was tested by the log-rank test.
The classification and regression tree (CART) technique was used to identify the
significant breakpoint of the duration of open wound in regard to the risk of the
occurrence of ISI. Independent risk factors associated with DFU-ISI and 2-year mortality
were each investigated by Cox regression analysis using backward and forward stepwise
variable selection method. Variables with a P value < 0.10 in univariate analysis were
evaluated for inclusion in the multivariate regression modeling. Data were analyzed with
the SPSS for Windows, version 16.0 (SPSS, Chicago, IL), and CART software (Salford

Systems). All p values are two-sided, and p<0.05 was considered statistically significant.
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Results

Patient Population

Data were collected on 846 diabetic patients hospitalized during the 9-year study
period for the management of 1256 index foot ulcers. Among these, 27 patients with 44
DFUs had a below the knee amputation during index hospitalization and were excluded.
The final study population includes 819 diabetic patients who were hospitalized for
management of 1212 unique DFUs (Figure 1).

Clinical characteristics and treatment course of the 1212 patients with DFUs are
detailed in Table 1. Most of the ulcers were located in toe or forefoot but 215 (17.7%)
involved the rearfoot or heel. On admission, 732 (60.4%) had deep ulcer equal to or
more than Wagner class Il and 718 (59.2%) had moderate to severe infection by PEDIS
grading. Of the 1212 ulcers, 950 (78.4%) received surgical intervention, with an average
of 1.3 surgeries (range: 1-4) during index hospitalization. Index hospitalization LOS was
8.7 £ 7.4 days. Re-admission for treatment of the index ulcer occurred in 44.6% of
patients. A comparison of patients grouped by ulcer healing course revealed significant
differences in baseline characteristics and treatment outcomes (Table 1). The
percentage of patients with an ISI was higher in those with complicated ulcer healing
than among those whose ulcers healed without complications (18.6% vs 4.3%, P <

0.001) (Table 1 and Figure 1).

Microbiology Results of Foot Ulcer Cultures
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Cultures of the index DFU and deep ulcer tissue obtained within 72 hours of
admission (Appendix Table A) yielded multiple organisms in 70.5% (854/1212), with an
average of 2.9 isolates per ulcer. The most prevalent organism recovered was
Staphylococcus aureus from 64.3% (779/1212) of ulcers; of these, 26% (321/1212) were
methicillin-resistant S. aureus (MRSA). . Of 891 DFUs without MRSA during index
hospitalization, 130 acquired MRSA in the index ulcer wound after discharge. Ultimately,

MRSA were recovered from 37.2% (451/1212) of DFUs.

Occurrence and Risk Factors of Subsequent Invasive Systemic Infections

Of the 1212 index DFUs, 141 (11.6%) were subsequently associated with initial
episodes of DFU-ISI during 2 years of follow—up. Furthermore, among these 141 index
DFUs, 21 and 5 ulcers were associated with 2 or 3 separate ISI, respectively (Appendix
Table B). These additional episodes accounted for 31 DFU-ISIs, yielding a total of 172
DFU-ISIs. The mean (+ SD) follow-up duration of the 141 and 1071 DFUs with and
without ISl were 569 + 224 and 602 + 226 days, respectively (P = 0.103). Table 2 details
the specific initial 141 DFU-ISIs and the associated bacteriology. Of initial ISls, 69 were
bacteremia that appeared to originate from a grossly infected ulcer but did not seed a
remote site. S. aureus caused 79.4 % (112/141) of all ISls, of these 71.4% (80/112) were
MRSA.

DFU were classified into 4 groups based on the initial wound culture and ulcer
healing course: group 1, 463 cases; group 2, 428 cases; group 3, 125 cases; and group 4,

196 cases. The cumulative probability of occurrence of DFU-ISI and survival status of
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each group is shown in Figure 2. Patients with MRSA positive initial wound culture and a
complicated healing course (group 4) had the highest cumulative probability of DFU-ISI
(31 %), with 41/51 (80 %) DFU-ISI caused by MRSA. Group 4 also had the lowest
cumulative survival rate (87%). Using CART analysis, the breakpoints of open wound
duration for the low and high risk of developing ISI were <145 days and > 145 days
(5.2% vs. 21.4%, P < .001), respectively.

The clinical characteristics and treatment of DFU patients with and without
subsequent ISl is shown in Table 3. Patients with DFU-ISI had a significantly higher
percentage of end-stage renal disease (ESRD), cirrhosis, coronary artery disease,
congestive heart failure (CHF), Charlson score = 5, and MRSA positive wound culture.
Their ulcers were more commonly in the mid or rear foot and required a longer time to
heal. In contrast, the diagnosis of contiguous osteomyelitis, surgical debridement, and
surgical wound closure at discharge were associated with freedom from ISI. The
treatment of patients with DFU-ISI resulted in more frequent re-hospitalizations, longer
average subsequent hospitalization, and more days hospitalized/1000 follow-up days
than were noted in patients without DFU-ISI. Mortality was increased in those with
DFU-ISI and notably 10 of 17 who died after DFU-ISI did so within 30 days of diagnosis,
which suggest a potential causal association.

On multivariate Cox regression analysis ESRD, CHF, initial MRSA positive wound
culture, and an open wound > 145 days were independently associated with DFU-ISI.
Successful surgical wound closure was associated with freedom from DFU-ISI (Table 4).

After ESRD patients on dialysis were removed from Cox regression model these same
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associations with DFU-ISI remained significant: prolonged unhealed DFU wounds, CHF
and MRSA positive initial wound culture were associated with DFU-ISI while surgical
wound closure was associated with freedom from DFU-ISI (Appendix Table C).
Furthermore, after removing patients with ESRD and including only the stringently
defined DFU-ISI (those infections likely resulting from bacteremia originating in the DFU),
these same significant independent associations persist (Appendix Table C). Finally, on
multivariate Cox regression analysis DFU-ISI was independently associated with
increased mortality (Hazard ratio 2.437 [95% Cl 1.382-4.299]; p < 0.01), as were age,

high Charlson score, and high Wagner grade (Table 4).
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Discussion

Our study, which systematically assessed the impact of DFU on long-term
infection complications yielded two major findings. First, patients with DFU were
vulnerable to the occurrence of subsequent DFU-ISI after initial hospitalization for foot
ulcer management. The risk was substantial and particularly high among patients who
had chronic open ulcers (> 145 days) as well as MRSA infection or colonization of the
initial DFU wound. Second, diabetic patients who experienced a subsequent DFU-ISI had
a significantly higher mortality risk than those without a subsequent ISI event.

Foot ulcers and their subsequent infection are common complications of
diabetes and impose major morbidity directly on patients and a burden on the
healthcare system [6,26-28]. Medical groups experienced in the care of these patients
report one- year amputation and mortality rates ranging from 16 to 44 % and 6to 16 %,
respectively, with the highest risk when DFU are complicated by infection or ischemia
[10,25,29,30]. Five years after treatment of an initial DFU, mortality rates range from 23
to 55%; however, it remains unclear whether these higher rates relate to DFU or
alternatively to the co-morbidities encountered in these patients [ 29,31,32]. Our data
indicate that DFU-ISI in the 2 years following index DFU hospitalization significantly
increase healthcare burdens. DFU-ISIs not only significantly increase subsequent
hospitalizations and LOS but are also independently associated with increased mortality.
The time from DFU-ISI to death further suggest that ISI may directly contribute to

mortality.
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The presence and apparent pathogenicity of MRSA in our patient’s DFU-ISIs are
striking. MRSA was detected overall in 37% of 1212 DFU but ultimately caused 57% of
DFU-ISIs. Of note, MRSA carriage can be prolonged, is associated with breaks in the skin,
and often is due to the persistence of a single unique strain [33,34]. Furthermore, The
presence of MRSA concurrently in cultures of the nares and DFU is common and heavier
burdens of nasal MRSA are significantly associated with an increased risk of invasive
disease [35,36].

The independent association of DFU-ISI with complicated ulcer healing and
MRSA positive initial index DFU cultures persist even when the analysis is restricted to
stringently defined DFU-ISI, those likely the result of seeding during bacteremia. This
supports the plausibility of DFU as a proposed portal of entry or reservoir of organisms
leading to subsequent invasive infection. Other investigators have noted that MRSA
colonization or infection, particularly in patients with chronic disease, is associated with
subsequent MRSA invasive infection [37-41]. For example, Roghmann, et al, found a
relative risk of 16 (95% Cl 6-45) for MRSA bacteremia among patients hospitalized with
chronic ulcers (32% had diabetic ulcers) that were colonized with MRSA versus those
with non-colonized ulcers [38]. Additionally, Huang, et al, in a study of 591 hospitalized
patients with newly detected MRSA positive cultures found that during the ensuing year
33% of these patients experienced 317 new unique site invasive MRSA infections [39].
These infections, which largely involved the lungs, skin and soft tissue, vascular
catheters, skeletal structures, and the blood stream, were associated with a 9.1% risk of

attributable mortality. Moreover, 60% of these infections occurred after hospital



248

249

250

251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

discharge. In this population with significant comorbidities, recent hospitalization and
wounds - a population not unlike our population with prolonged open foot ulcers -
diabetes was an independent risk factor for MRSA infection. A similar risk of invasive
MRSA infection and mortality has been described in patients with MRSA carriage for
greater than 1 year [41]. Collectively, these studies support the relationships noted in
our patients with DFU-ISI.

Prevention of DFU through the application of demonstrably efficacious risk
screening, education, and treatment strategies is the first step in preventing the
consequences of DFU-ISI [42]. Additionally, the association of prolonged open DFU
wounds and MRSA in these wounds provides two specific targets for therapeutic
intervention. As has been suggested by others [10,25,38,39], strategies promoting more
frequent and rapid healing of DFU and eradication of MRSA In patients such as ours
might significantly decrease DFU-ISI and the related adverse health consequences. The
protective effect against ISI seen in our patients with osteomyelitis (which we think is a
surrogate for aggressive debridement), surgical debridement, and surgical wound
closure at discharge support this treatment approach.

There are limitations to this study. First, this was a single-center study. Thus the
generalization of our findings requires further confirmation, especially in settings with
lower MRSA prevalence. Second, the clinical data for this cohort were collected
retrospectively and therefore subject to information bias. Third, because not all study
patients had completed a 2-year follow-up period at our hospital, ISI treated elsewhere

would not have been detected. While not invalidating our observations, the true
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incidence of DFU- ISI might be underestimated. Fourth, because antibiotic treatment
duration might influence the risk of subsequent DFU-ISI, the unavailability of reliable
extended-duration antibiotic exposure is a limitation. Finally, we were not able to
confirm the relatedness of initial MRSA DFU isolates and those causing subsequent ISI.
Nevertheless, other studies suggest that colonizing and subsequent infecting organisms
in our patients are likely related, especially since our patients were rarely resident in
chronic care facilities wherein they might have been exposed to other MRSA strains [33].
In summary, our study demonstrates the increased morbidity, burden of
additional care, and mortality risk associated with DFU-ISI occurring particularly in
patients with initial MRSA wound infection or colonization and protracted DFU healing.
Our data are hypothesis generating. They suggest reduction in DFU-ISI and associated
mortality as end points for a controlled trial examining MRSA eradication plus strategies
to promote earlier DFU healing. Pending data from such trials, however, our
observations suggest that clinicians should incorporate the risk of DFU-ISI into their
decision making when planning treatment for patients with DFU. Strategies to eradicate
MRSA when present and to facilitate rapid ulcer healing, such as aggressive surgical
debridement, early attention to enhancement of arterial supply, and techniques to
accelerate wound closure should be considered. This approach may protect patients
from later DFU-ISI.
Notes: Financial support. This study was partially supported by a research grant from
Theravance Biopharma,Inc. The authors developed and analyzed the data and

drafted the manuscript fully independent of the sponsor.



292

293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

313

Potential Conflicts of Interest. The authors have no conflicts of interest regarding this

study.

References

1. Reiber GE, Lipsky BA, Gibbons GW. The burden of diabetic foot ulcers. Am J Surg

1998; 176:55-10S.

Borssen B, Bergenheim T, Lithner F. The epidemiology of foot lesions in diabetic
patients aged 15-50 years. Diabetic Med 1990; 7:438-44.

Moss SE, Klein R, Klein BE. The prevalence and incidence of lower extremity
amputation in a diabetic population. Arch Intern Med 1992; 152:610-6.

Boyko EJ, Ahroni JH, Stensel V, Forsberg RC, Davignon DR, Smith DG. A prospective
study of the risk factors for diabetic foot ulcer. The Seattle Diabetic Foot Study.
Diabetes Care 1999; 22:1036-42.

Palumbo PJ, Melton LJ: Peripheral vascular disease and diabetes. In Diabetes in
America, Harris MIl, Hamman RF, eds. NIH publ. no. 85-1468. Washington, U.S. Govt.
Printing Office, 1985, p. XV 1-21.

Boulton AJ, Vileikyte L, Ragnarson-Tennvall G. and Apelqvist J. The global burden of

diabetic foot disease. Lancet 2005; 366(9498);1719-1724.

. Armstrong DG, Lipsky BA. Diabetic foot infections: stepwise medical and surgical

management. Int Wound J 2004; 1:123-32.
Ha Van G, Siney H, Danan JP, Sachon C, Grimaldi A. Treatment of osteomyelitis in the

diabetic foot. Contribution of conservative surgery. Diabetes Care 1996; 19:1257-60.



314

315

316

317

318

319

320

321

322

323

324

325

326

327

328

329

330

331

332

333

334

335

10.

11.

12.

13.

14.

15.

16.

17.

Aragén-Sanchez FJ, Cabrera-Galvan JJ, Quintana-Marrero Y, et al. Outcomes of
surgical treatment of diabetic foot osteomyelitis: a series of 185 patients with
histopathological confirmation of bone involvement. Diabetologia 2008; 51:1962-70.
Richard JL, Lavigne JP, Got |, Hartemann A, Malgrange D, Tsirtsikolou D, Baleydier A,
Senneville E. Management of patients hospitalized for diabetic foot infection: results
of the French OPIDIA study. Diabetes & Metabolism 2011; 37:208-215.

Fylling CP, Knighton DR. Amputation in the diabetic population: incidence, causes,
cost, treatment, and prevention. J Enterostomal Ther 1989; 16:247-55.

Pecoraro RE, Ahroni JH, Boyko EJ, Stensel VL. Chronology and determinants of tissue
repair in diabetic lower-extremity ulcers. Diabetes 1991; 40:1305-13.

Lavery LA, Armstrong DG, Wunderlich RP, Mohler MJ, Wendel CS, Lipsky BA. Risk
factors for foot infections in individuals with diabetes. Diabetes Care 2006; 29:1288-
93.

Cooper G, Platt R. Staphylococcus aureus bacteremia in diabetic patients:
endocarditis and mortality. The American Journal of Medicine 1982; 73: 658-662.
Nicolosi N, Pratt C. Infectious spondylodiscitis, epidural phlegmon, and psoas
abscess complicating diabetic foot infection: a case report. The Journal of Foot and
Ankle Surgery 2014; 55: 267-271

Diabetes in America, 2" edition, 1995. Harris M|, et al. Chapter 1-4. Available at:

http://diabetes.niddk.nih.gov/dm/pubs/america/contents.aspx. Accessed 6

November 2013.

Centers for Disease Control and Prevention. National diabetes fact sheet: national



336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

357

18.

19.

20.

21.

22.

23.

24,

25.

estimates and general information on diabetes and prediabetes in the United States,
2011. Atlanta, GA: U. S. Department of Health and Human Services, Centers for
Disease Control and Prevention, 2011. Available at:

http://www.cdc.gov/diabetes/pubs/factsheet11.htm. Accessed 6 November 2013.

Charlson ME, Pompei P, Ales KL, Mackenzie CR. A new method of classifying
prognostic comorbidity in longitudinal studies: development and validation. J
Chronic Dis 1987; 40:373-83.

Deyo RA, Cherkin DC, Ciol MA. Adapting a clinical comorbidity index for use with
ICO-9-CM administrative databases. J Clin Epidemiol 1992; 45:613-19.

Wagner FW Jr. The dysvascular foot: a system of diagnosis and treatment. Foot
Ankle 1981; 2:64-122.

International Working Group on the Diabetic Foot. International consensus on the
diabetic foot [CDROM]. Amsterdam, The Netherlands: International Diabetes
Federation, 2003.

Khan NA, Rahim SA, Anand SS, Simel DL, Panju A: Does the clinical examination
predict lower extremity peripheral arterial disease? JAMA 2006; 295:536-46.
Lipsky BA. Medical treatment of diabetic foot infections. Clin Infect Dis 2004;
39:5104-14.

Butalia S, Palda VA, Sargeant RJ, Detsky AS, Mourad O. Does this patient with
diabetes have osteomyelitis of the lower extremity? JAMA 2008; 299: 806-13.
Uccioli L, Gandini R, Giurato L, et al. Long-term outcomes of diabetic patients with

critical limb ischemia followed in a tertiary referral diabetic foot clinic. Diabetes Care



358

359

360

361

362

363

364

365

366

367

368

369

370

371

372

373

374

375

376

377

378

379

26.

27.

28.

29.

30.

31.

32.

33.

2010; 33:977-82.

Jeffcoate WJ, Harding KG, Diabetic foot ulcers. Lancet 2003; 36:1545-1551.

Tennvall GR. Apelqvist J. Health-economic consequences of diabetic foot

lesions. Clinical Infectious Diseases 2004; 39: S132-S139.

Prompers L, Huijberts M, Schaper N, Apelqvist J, Bakker K, Edmonds M, et al . (2008).
Resource utilization and costs associated with the treatment of diabetic foot ulcers.
Prospective data from the Eurodiale Study. Diabetologia 2008; 51: 1826-1834.
Moulik PK, Mtonga R, Gill GV. Amputation and mortality in new-onset diabetic foot
ulcers stratified by etiology. Diabetes Care 2003; 26: 491-494.

Prompers L, Schaper N. Apelqvist J, Edmonds M, Jude E, Mauricio D, Uccioli L,
Urbancic V, Bakker K, Holstein P, Jirkovska A, Prediction of outcome in individuals
with diabetic foot ulcers: focus on the differences between individuals with and
without peripheral arterial disease. The EURODIALE Study. Diabetologia 2008;
51:747-755.

Papazafiropoulou A, Tentolouris N, Soldatos RP, et al. Mortality in diabetic and
nondiabetic patients after amputations performed from 1996 to 2005 in a tertiary
hospital population: a 3-year follow-up study. J Diabetes Complications 2009; 23:7-
11.

Izumi Y, Satterfield K, Lee S, Harkless LB, Lavery LA. Mortality of first-time amputees
in diabetics: a 10-year observation. Diabetes Res Clin Pract 2009; 83:126-31.
Huang SS, Diekema DJ, Warren DK, Zuccotti G, Winokur PL, Tendolkar S, Boyken L,

Datta R, Jones RM, Ward MA, AubreyT. Strain-relatedness of methicillin-resistant



380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

395

396

397

398

399

400

401

34.

35.

36.

37.

38.

39.

40.

Staphylococcus aureus isolates recovered from patients with repeated

infection. Clinical Infectious Diseases 2008; 46:1241-1247.

Scanvic A, Denic L, Gaillon S, Giry P, Andremont A, Lucet JC. Duration of colonization
by methicillin-resistant Staphylococcus aureus after hospital discharge and risk
factors for prolonged carriage. Clin Infect Dis 2001; 32:1393-8.

Stanaway S, Johnson D, Moulik P, Gill G. Methicillin-resistant Staphylococcus aureus
(MRSA) isolation from diabetic foot ulcers correlates with nasal MRSA carriage.
Diabetes Res Clin Pract 2007; 75:47-50.

Datta R, Shah A, Huang SS, Cui E, Nguyen V, Welbourne SJ, Quan KA, Thrupp L. High
nasal burden of methicillin-resistant Staphylococcus aureus increases risk of invasive
disease. Journal of Clinical Microbiology 2014; 52: 312-314.

Davis KA, Stewart JJ, Crouch HK, Florez CE, Hospenthal DR. Methicillin-resistant
Staphylococcus aureus (MRSA) nares colonization at hospital admission and its effect
on subsequent MRSA infection. Clin Infect Dis 2004; 39:776-82.

Roghmann MC, Siddiqui A, Plaisance K, Standiford H, MRSA colonization and the risk
of MRSA bacteraemia in hospitalized patients with chronic ulcers. Journal of Hospital
Infection 2001; 47: 98-103.

Huang SS, Hinrichsen VL, Datta R, Spurchise L, Miroshnik I, Nelson K, Platt R.
Methicillin-resistant Staphylococcus aureus infection and hospitalization in high-risk
patients in the year following detection. PLoS One 2011; 6:e24340.

Huang SS, Platt R. Risk of methicillin-resistant Staphylococcus aureus infection after

previous infection or colonization. Clin Infect Dis 2003; 36:281-5.



402

403

404

405

41. Datta R, Huang SS. Risk of infection and death due to methicillin-resistant
Staphylococcus aureus in long-term carriers. Clin Infect Dis 2008; 47:176-81.
42. Singh N, Armstrong DG, Lipsky BA. Preventing foot ulcers in patients with

diabetes. JAMA 2005; 293: 217-228.



