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Abstract  1 

Background 2 

Infected diabetic foot ulcers (DFU) acutely threaten limbs. Invasive systemic infections 3 

(ISI) related to DFU (DFU-ISI) following initial hospitalization and their impact on 4 

mortality are  not defined.  5 

Methods 6 

We conducted a retrospective cohort study of 819 diabetic patients hospitalized for 7 

1212 unique foot ulcers management during a 9-year period.  Index hospitalization was 8 

the first admission for a unique DFU. DFU-ISI was judged when the causative 9 

microorganism was concomitantly or previously cultured from the index ulcer. We 10 

determined the 24-month risk of DFU-ISI and mortality after index hospitalization. 11 

Results 12 

Of the 1212 DFUs, 141 patients subsequently developed a total of 172 DFU-ISI episodes. 13 

The distribution of initial 141 DFU-ISI were bacteremia 64%, deep abscess 13%, lower 14 

respiratory tract 10%, endocarditis 7% and skeletal 6%. Methicillin-resistant 15 

Staphylococcus aureus (MRSA) caused 56.7 % of these ISIs.  The cumulative probability 16 

of DFU-ISI and all-cause mortality was highest among patients with an initial positive 17 

MRSA ulcer culture and a protracted ulcer healing course (31 % and 13%, respectively). 18 

Cox regression modeling identified that protracted non-healing ulcer (hazard ratio (HR), 19 

2.887; 95% confidence interval (CI), 1.958-4.258) independently predicted the 20 

occurrence of ISI and that DFU-ISI was independently associated with increased risk of 21 

mortality after index  hospitalization (HR, 2.437; 95% CI, 1.382-4.299). 22 



Conclusions 23 

ISI, a late complication of DFU, is an important clinical entity, especially with MRSA 24 

containing chronic open ulcers. This study suggests that clinicians incorporate treatment 25 

strategies to accelerate ulcer healing and address MRSA into the care of diabetic 26 

patients with foot ulcers.   27 



Foot ulcers are a common problem and source of morbidity for patients with diabetes 28 

mellitus (DM) [1]. Among diabetic patients 2-3 % will develop lower extremity ulcers 29 

annually and 15% will have foot ulcer during their lifetime [2-6]. About half of diabetic 30 

foot ulcers (DFU) are infected at the time of their presentation to a treating physician [7]. 31 

The healing course of a DFU, especially when complicated with contiguous osteomyelitis, 32 

is often protracted and may require repeated hospitalization, surgery, and amputation. 33 

[8-10]. Among diabetics, an infected foot ulcer is the second most frequent indication 34 

for lower extremity amputations and markedly increases amputation risks [10-13]. 35 

 Although infected foot ulcers and contiguous osteomyelitis are well-recognized 36 

as leading to hospitalization and amputation [6-13], little is known about the 37 

subsequent occurrence of invasive systemic infection (ISI) among diabetic patients with 38 

an open ulcer.  Open foot ulcers in diabetic patients have been proposed as the portal of 39 

entry for Staphylococcus aureus causing endocarditis and complicated spondylodiscitis 40 

[14,15]. Although not studied systematically, it is reasonable to hypothesize that 41 

diabetic patients who after hospitalization are discharged with a non-healing ulcer are 42 

vulnerable to not only local infections but also invasive systemic infections (ISI). The 43 

burden of diabetes on individual patients and the healthcare system will be 44 

underestimated without understanding DFU-associated ISI (DFU-ISI) [16,17]. This study 45 

investigates the frequency, epidemiology, microbiology, independent predictors and 46 

health impact of DFU-ISI occurring subsequent to initial treatment of DFU.  47 



Methods 48 

Study Design, Setting, and Patient Selection 49 

             All adult diabetic patients hospitalized at Beth Israel Deaconess Medical Center, 50 

Boston Massachusetts, a 530-bed tertiary-care teaching hospital, for foot ulcer 51 

management between 1 January 2002 and 31 December 2010 were studied 52 

retrospectively. Cases were identified from computerized hospital informatics system 53 

and a podiatry division registry system. The first hospitalization for a specific foot ulcer 54 

was defined as the index hospitalization and ulcer. Repeat hospitalizations for that ulcer 55 

were further reviewed to assess treatment of the index ulcer. Patients were excluded if 56 

cultures were not obtained from the index DFU or if treatment during the index 57 

hospitalization included a below the knee amputation. The study was approved by the 58 

Institutional Review Board of the hospital. 59 

 60 

Data Collection and Information on Variables  61 

            Patient data collected from the index hospitalization included sex, age, pre-62 

existing comorbid medical conditions, diabetes and prior diabetic foot-specific medical 63 

and surgical history, initial ulcer condition and severity of infection, ankle-brachial 64 

pressure index (ABI), presence of ipsilateral neuropathy or peripheral arterial disease, 65 

microbiological results, treatment including  surgical  debridement, revascularization, 66 

and  antibiotics, length of stay (LOS), and DFU wound status at the time of index 67 

hospitalization discharge. Data regarding subsequent treatment of the index ulcer 68 

including microbiology, re-admission and LOS of each hospitalization, new amputation, 69 



occurrence of DFU-related local or systemic infections, and survival were collected from 70 

the hospital and outpatient clinic records. 71 

 Severity of comorbidities was defined using the modified Charlson comorbidity 72 

score [18,19]. Diabetic foot ulcer was described according to Wagner Classification [20]. 73 

Severity of diabetic foot infection was assessed by 4 PEDIS infection grading system [21]. 74 

Ipsilateral arterial insufficiency was defined by either an ABI < 0.8 or clinical evidence of 75 

limb hypo-perfusion (non-palpable peripheral pulse and cold limb) on physical 76 

examination [13, 21]. Diagnosis of  contiguous osteomyelitis was made by the presence 77 

of any of the following findings: (1) visible bone exposure or positive probe-to-bone test; 78 

(2) compatible magnetic resonance imaging; (3) positive result of bone culture obtained 79 

by surgical debridement or biopsy; or (4) histopathological report of bone tissue [23,24].  80 

 Surgical wound closure before discharge from index hospitalization was defined 81 

as achieving a well-approximated wound after debridement or ulcer excision (including 82 

the use of split-thickness skin graft). Ulcer healing was defined by a continuous viable, 83 

epithelial covering of previously open wounds as documented in outpatient clinic 84 

records [25]. If an index ulcer healed without need of repeated hospitalization or 85 

surgery, the healing course was termed uncomplicated. The duration of an open wound, 86 

including that resulting from repeated debridement, was calculated from the date of 87 

discharge from index hospitalization to the date of complete healing noted in the clinic.  88 

 89 

Patient Classification and Outcome Measurement 90 



Patients were classified according to the initial wound culture during index 91 

hospitalization and the ulcer healing course after discharge from the index 92 

hospitalization: group 1: wound culture negative for MRSA and uncomplicated ulcer 93 

healing course; group 2: wound culture negative for MRSA and complicated ulcer 94 

healing course; group 3: wound culture positive for MRSA and uncomplicated ulcer 95 

healing course; and group 4: wound culture positive for MRSA and complicated ulcer 96 

healing course. 97 

 An ISI episode included infection of the bloodstream, endovascular site, skeletal 98 

site, deep soft tissue abscess, or lower respiratory tract. DFU-related invasive systemic 99 

infection (DFU-ISI) was defined when the organism causing ISI had been previously or 100 

concomitantly cultured from the index DFU. Stringent DFU-ISIs were primary bacteremia 101 

and bacteremia from DFU infection  as well as infections considered likely related to 102 

hematogenous seeding from the DFU (endovascular, skeletal, deep tissue abscess). 103 

Osteomyelitis or septic arthritis contiguous with the index ulcer without bacteremia was 104 

considered as DFU-related local infection, not an ISI.  105 

 The primary study outcome was the occurrence of DFU-ISI within 24 months 106 

after the index hospitalization. The impact of DFU-ISI on mortality at 2 years was a 107 

secondary outcome.  108 

 109 

Statistical Analysis 110 

            Because we aimed to investigate the risk factors associated with the occurrence 111 

of subsequent ISI using variables easily obtained during index hospitalization, each 112 



unique DFU was considered as an independent event and constituted the total study 113 

number in the statistical analysis. Mean ± standard deviation values were calculated for 114 

continuous variables, and percentages were used for categorical variables. Clinical 115 

characteristics of study patients with and without the occurrence of DFU-ISI were 116 

compared. Categorical variables were compared with the Chi-square or Fisher’s exact 117 

test and continuous variables were compared with independent Student’s t test. 118 

Cumulative probability of the occurrence of first DFU-ISI episode and survival after index 119 

hospitalization were calculated from the discharge date of index hospitalization using 120 

the Kaplan-Meier method. The difference in cumulative probability of DFU-ISI 121 

occurrence and survival between the four study groups was tested by the log-rank test. 122 

The classification and regression tree (CART) technique was used to identify the 123 

significant breakpoint of the duration of open wound in regard to the risk of the 124 

occurrence of ISI. Independent risk factors associated with DFU-ISI and 2-year mortality 125 

were each investigated by Cox regression analysis using backward and forward stepwise 126 

variable selection method. Variables with a P value ≤ 0.10 in univariate analysis were 127 

evaluated for inclusion in the multivariate regression modeling. Data were analyzed with 128 

the SPSS for Windows, version 16.0 (SPSS, Chicago, IL), and CART software (Salford 129 

Systems).  All p values are two-sided, and p<0.05 was considered statistically significant.  130 



Results 131 

Patient Population 132 

            Data were collected on 846 diabetic patients hospitalized during the 9-year study 133 

period for the management of 1256 index foot ulcers. Among these, 27 patients with 44 134 

DFUs had a below the knee amputation during index hospitalization and were excluded. 135 

The final study population includes 819 diabetic patients who were hospitalized for 136 

management of 1212 unique DFUs (Figure 1). 137 

 Clinical characteristics and treatment course of the 1212 patients with DFUs are 138 

detailed in Table 1. Most of the ulcers were located in toe or forefoot but 215 (17.7%) 139 

involved the rearfoot or heel. On admission, 732 (60.4%) had deep ulcer equal to or 140 

more than Wagner class II and 718 (59.2%) had moderate to severe infection by PEDIS 141 

grading. Of the 1212 ulcers, 950 (78.4%) received surgical intervention, with an average 142 

of 1.3 surgeries (range: 1-4) during index hospitalization. Index hospitalization LOS was 143 

8.7 ± 7.4 days. Re-admission for treatment of the index ulcer occurred in 44.6% of 144 

patients. A comparison of patients grouped by ulcer healing course revealed significant 145 

differences in baseline characteristics and treatment outcomes (Table 1). The 146 

percentage of patients with an ISI was higher in those with complicated ulcer healing 147 

than among those whose  ulcers healed  without  complications  (18.6% vs 4.3%, P < 148 

0.001) (Table 1 and Figure 1).  149 

 150 

Microbiology Results of Foot Ulcer Cultures 151 



             Cultures of the index DFU and deep ulcer tissue obtained within 72 hours of 152 

admission (Appendix Table A) yielded multiple organisms in 70.5% (854/1212), with an 153 

average of 2.9 isolates per ulcer. The most prevalent organism recovered was 154 

Staphylococcus aureus from 64.3% (779/1212) of ulcers; of these, 26% (321/1212) were 155 

methicillin-resistant S. aureus (MRSA). . Of 891 DFUs without MRSA during index 156 

hospitalization, 130 acquired MRSA in the index ulcer wound after discharge. Ultimately, 157 

MRSA were recovered from 37.2% (451/1212) of DFUs.  158 

 159 

Occurrence and Risk Factors of Subsequent Invasive Systemic Infections 160 

             Of the 1212 index DFUs, 141 (11.6%) were subsequently associated with initial 161 

episodes of DFU-ISI during 2 years of follow–up. Furthermore, among these 141 index 162 

DFUs, 21 and 5 ulcers were associated with 2 or 3 separate ISI, respectively (Appendix 163 

Table B). These additional episodes accounted for 31 DFU-ISIs, yielding a total of 172 164 

DFU-ISIs. The mean (± SD) follow-up duration of the 141 and 1071 DFUs with and 165 

without ISI were 569 ± 224 and 602 ± 226 days, respectively (P = 0.103). Table 2 details 166 

the specific initial 141 DFU-ISIs and the associated bacteriology. Of initial ISIs, 69 were 167 

bacteremia that appeared to originate from a grossly infected ulcer but did not seed a 168 

remote site. S. aureus caused 79.4 % (112/141) of all ISIs, of these 71.4% (80/112) were 169 

MRSA. 170 

              DFU were classified into 4 groups based on the initial wound culture and ulcer 171 

healing course: group 1, 463 cases; group 2, 428 cases; group 3, 125 cases; and group 4, 172 

196 cases. The cumulative probability of occurrence of DFU-ISI and survival status of 173 



each group is shown in Figure 2. Patients with MRSA positive initial wound culture and a 174 

complicated healing course (group 4) had the highest cumulative probability of DFU-ISI 175 

(31 %), with 41/51 (80 %) DFU-ISI caused by MRSA. Group 4 also had the lowest 176 

cumulative survival rate (87%).  Using CART analysis, the breakpoints of open wound 177 

duration for the low and high risk of developing ISI were ≦145 days and > 145 days 178 

(5.2%  vs. 21.4%, P < .001), respectively. 179 

 The clinical characteristics and treatment of DFU patients with and without 180 

subsequent ISI is shown in Table 3. Patients with DFU-ISI had a significantly higher 181 

percentage of end-stage renal disease (ESRD), cirrhosis, coronary artery disease, 182 

congestive heart failure (CHF), Charlson score ≧ 5, and MRSA positive wound culture. 183 

Their ulcers were more commonly in the mid or rear foot and required a longer time to 184 

heal.  In contrast, the diagnosis of contiguous osteomyelitis, surgical debridement, and 185 

surgical wound closure at discharge were associated with freedom from ISI. The 186 

treatment of patients with DFU-ISI resulted in more frequent re-hospitalizations, longer  187 

average subsequent hospitalization, and more days hospitalized/1000 follow-up days 188 

than were noted in patients without DFU-ISI.  Mortality was increased in those with 189 

DFU-ISI and notably 10 of 17 who died after DFU-ISI did so within 30 days of diagnosis, 190 

which suggest a potential causal association. 191 

 On multivariate Cox regression analysis ESRD, CHF, initial MRSA positive wound 192 

culture, and an open wound > 145 days were independently associated with DFU-ISI. 193 

Successful surgical wound closure was associated with freedom from DFU-ISI (Table 4).   194 

After ESRD patients on dialysis were removed from Cox regression model these same 195 



associations with DFU-ISI remained significant: prolonged unhealed DFU wounds, CHF 196 

and MRSA positive initial wound culture were associated with DFU-ISI while surgical 197 

wound closure was associated with freedom from DFU-ISI (Appendix Table C). 198 

Furthermore, after removing patients with ESRD and including only the stringently 199 

defined DFU-ISI (those infections likely resulting from bacteremia originating in the DFU), 200 

these same significant independent associations persist (Appendix Table C). Finally, on 201 

multivariate Cox regression analysis DFU-ISI was independently associated with 202 

increased mortality (Hazard ratio 2.437 [95% CI 1.382-4.299]; p < 0.01), as were age, 203 

high Charlson score, and high Wagner grade (Table 4).   204 



Discussion 205 

              Our study, which systematically assessed the impact of DFU on long-term 206 

infection complications yielded two major findings. First, patients with DFU were 207 

vulnerable to the occurrence of subsequent DFU-ISI after initial hospitalization for foot 208 

ulcer management. The risk was substantial and particularly high among patients who 209 

had chronic open ulcers (> 145 days) as well as MRSA infection or colonization of the 210 

initial DFU wound. Second, diabetic patients who experienced a subsequent DFU-ISI had 211 

a significantly higher mortality risk than those without a subsequent ISI event.  212 

 Foot ulcers and their subsequent infection are common complications of 213 

diabetes and impose major morbidity directly on patients and a burden on the 214 

healthcare system [6,26-28]. Medical groups experienced in the care of these patients 215 

report one- year amputation and mortality rates ranging from 16 to 44 % and 6to 16 %, 216 

respectively,  with the highest risk when DFU are complicated by infection or ischemia 217 

[10,25,29,30].  Five years after treatment of an initial DFU, mortality rates range from 23 218 

to 55%; however, it remains unclear whether these higher rates relate to DFU or 219 

alternatively to the co-morbidities encountered in these patients [ 29,31,32].  Our data 220 

indicate that DFU-ISI in the 2 years following index DFU hospitalization significantly 221 

increase healthcare burdens. DFU-ISIs not only significantly increase subsequent 222 

hospitalizations and LOS but are also independently associated with increased mortality. 223 

The time from DFU-ISI to death further suggest that ISI may directly contribute to 224 

mortality.  225 



 The presence and apparent pathogenicity of MRSA in our patient’s DFU-ISIs are 226 

striking. MRSA was detected overall in 37% of 1212 DFU but ultimately caused 57% of 227 

DFU-ISIs. Of note, MRSA carriage can be prolonged, is associated with breaks in the skin, 228 

and often is due to the persistence of a single unique strain [33,34]. Furthermore, The 229 

presence of MRSA concurrently in cultures of the nares and DFU is common and heavier 230 

burdens of nasal MRSA are significantly associated with an increased risk of invasive 231 

disease [35,36]. 232 

 The independent association of DFU-ISI with complicated ulcer healing and 233 

MRSA positive initial index DFU cultures persist even when the analysis is restricted to 234 

stringently defined DFU-ISI, those likely the result of seeding during bacteremia. This 235 

supports the plausibility of DFU as a proposed portal of entry or reservoir of organisms 236 

leading to subsequent invasive infection. Other investigators have noted that MRSA 237 

colonization or infection, particularly in patients with chronic disease, is associated with 238 

subsequent MRSA invasive infection [37-41]. For example, Roghmann, et al, found a 239 

relative risk of 16 (95% CI 6-45) for MRSA bacteremia among patients hospitalized with 240 

chronic ulcers (32% had diabetic ulcers) that were colonized with MRSA versus those 241 

with non-colonized ulcers [38]. Additionally, Huang, et al, in a study of 591 hospitalized 242 

patients with newly detected MRSA positive cultures found that during the ensuing year 243 

33% of these patients experienced 317 new unique site invasive MRSA infections [39]. 244 

These infections, which largely involved the lungs, skin and soft tissue, vascular 245 

catheters, skeletal structures, and the blood stream, were associated with a 9.1% risk of 246 

attributable mortality. Moreover, 60% of these infections occurred after hospital 247 



discharge. In this population with significant comorbidities, recent hospitalization and 248 

wounds - a population not unlike our population with prolonged open foot ulcers - 249 

diabetes was an independent risk factor for MRSA infection.  A similar risk of invasive 250 

MRSA infection and mortality has been described in patients with MRSA carriage for 251 

greater than 1 year [41]. Collectively, these studies support the relationships noted in 252 

our patients with DFU-ISI. 253 

 Prevention of DFU through the application of demonstrably efficacious risk 254 

screening, education, and treatment strategies is the first step in preventing the 255 

consequences of DFU-ISI [42]. Additionally, the association of prolonged open DFU 256 

wounds and MRSA in these wounds provides two specific targets for therapeutic 257 

intervention. As has been suggested by others [10,25,38,39], strategies promoting more 258 

frequent and rapid healing of DFU and eradication of MRSA In patients such as ours 259 

might significantly decrease DFU-ISI and the related adverse health consequences. The 260 

protective effect against ISI seen in our patients with osteomyelitis (which we think is a 261 

surrogate for aggressive debridement), surgical debridement, and surgical wound 262 

closure at discharge support this treatment approach. 263 

 There are limitations to this study. First, this was a single-center study.  Thus the 264 

generalization of our findings requires further confirmation, especially in settings with 265 

lower MRSA prevalence. Second, the clinical data for this cohort were collected 266 

retrospectively and therefore subject to information bias. Third, because not all study 267 

patients had completed a 2-year follow-up period at our hospital, ISI treated elsewhere 268 

would not have been detected. While not invalidating our observations, the true 269 



incidence of DFU- ISI might be underestimated. Fourth, because antibiotic treatment 270 

duration might influence the risk of subsequent DFU-ISI, the unavailability of reliable 271 

extended-duration antibiotic exposure is a limitation. Finally, we were not able to 272 

confirm the relatedness of initial MRSA DFU isolates and those causing subsequent ISI. 273 

Nevertheless, other studies suggest that colonizing and subsequent infecting organisms 274 

in our patients are likely related, especially since our patients were rarely resident in 275 

chronic care facilities wherein they might have been exposed to other MRSA strains [33]. 276 

 In summary, our study demonstrates the increased morbidity, burden of 277 

additional care, and mortality risk associated with DFU-ISI occurring particularly in 278 

patients with initial MRSA wound infection or colonization and protracted DFU healing. 279 

Our data are hypothesis generating. They suggest reduction in DFU-ISI and associated 280 

mortality as end points for a controlled trial examining MRSA eradication plus strategies 281 

to promote earlier DFU healing. Pending data from such trials, however, our 282 

observations suggest that clinicians should incorporate the risk of DFU-ISI into their 283 

decision making when planning treatment for patients with DFU. Strategies to eradicate 284 

MRSA when present and to facilitate rapid ulcer healing, such as aggressive surgical 285 

debridement, early attention to enhancement of arterial supply, and techniques to 286 

accelerate wound closure should be considered. This approach may protect patients 287 

from later DFU-ISI. 288 
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