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Abstract The Turkish Association of Clinical Microbiology
and Infectious Diseases, Diabetic Foot Infections Working
Group conducted a prospective study to determine the factors
affecting the outcomes of diabetic foot infections. A total of 96
patients were enrolled in the study. Microbiological assess-
ment was performed in 86 patients. A total of 115 causative
bacteria were isolated from 71 patients. The most frequently
isolated bacterial species was Pseudomonas aeruginosa (n=
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21, 18.3%). Among cases with bacterial growth, 37 patients
(43%) were infected with 38 (33%) antibiotic-resistant bacte-
ria. The mean (£SD) antibiotics cost was 2,220.42 (£994.59)
USD in cases infected with resistant bacteria, while it was
1,206.60 (£1,160.6) USD in patients infected with susceptible
bacteria (p<0.001). According to the logistic regression anal-
ysis, the risk factors related to the growth of resistant bacteria
were previous amputation (p=0.018, OR=7.229) and
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antibiotics administration within the last 30 days (p=0.032,
OR=3.796); that related to the development of osteomyelitis
was wound size >4.5 cm? (»p=0.041, OR=2.8); and that
related to the failure of the treatment was the growth of
resistant bacteria (p=0.016, OR=5.333). Diabetic foot osteo-
myelitis is usually a chronic infection and requires surgical
therapy. Amputation is the accepted form of treatment for
osteomyelitis. Limited limb-saving surgery and prolonged
antibiotic therapy directed toward the definitive causative
bacteria are most appropriate. This may decrease limb loss
through amputations. As a result the infections caused by
resistant bacteria may lead to a high cost of antibiotherapy,
prolonged hospitalization duration, and failure of the
treatment.

Introduction

Foot ulcers in diabetic patients are associated with increasing
morbidity and are the commonest cause of prolonged outpa-
tient care. In patients with foot ulcer history in the past,
developing superficial and/or bone infection, causative agents,
antibiotic cost, the therapy success, amputation rates are af-
fected by multiple factors. It is very important for clinicians to
know which clinical and laboratory findings at admission are
associated with poor outcome in patients with diabetic foot
ulcers [1]. This information could help to predict which
patients are at highest risk of diabetic foot infections, thereby
helping to plan optimally targeted preventative strategies. The
clinician treating a patient with a diabetic foot infection must
immediately address several issues [2, 3]. Key among these
are how broad-spectrum the antibiotic regimen should be and
by what route it should be administered, when to request
urgent surgical or other specialty consultations, and whether
or not hospitalization is required. These decisions will affect
the cost of care, the likelihood of adverse events and presum-
ably the clinical outcomes. The most important factor affect-
ing these decisions is the clinical severity of the infection [2,
3]. Unfortunately, clinicians currently have little evidence-
based guidance for identifying which patients have a severe
diabetic foot infection or which clinical findings are associated
with a poor outcome [3].

The Turkish Association of Clinical Microbiology and
Infectious Diseases, Diabetic Foot Infections Working
Group conducted a prospective study to determine the factors
affecting the outcomes of diabetic foot infections and to
develop a management program.

Materials and methods

The present study was performed by the Turkish Association
of Clinical Microbiology and Infectious Diseases, Diabetic
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Foot Infections Working Group between 1 March 2010 and
1 March 2011. A total of 10 medical centers were included in
this prospective study. Patients were screened for risk factors
known to be associated with lower extremity complications
(e.g., age, gender, duration of diabetes, previous hospitaliza-
tion, previous amputation, previous foot infections, previous
osteomyelitis, peripheral neuropathy, peripheral vascular dis-
ease, antibiotics administration within the last 30 days, wound
depth, ulcer localizations). The data of enrolled subjects were
recorded on patient follow-up forms. Resistant bacteria, oste-
omyelitis, duration of hospitalization, amputation, cost-
effectiveness of prescribed antibiotics; factors related to the
treatment in diabetic foot infections were analyzed. Infection
was diagnosed clinically by a trained physician according to
International Working Group on the Diabetic Foot IWGDF)
criteria, Perfusion, Extent, Depth, Infection, Sensation
(PEDIS) classification [4].

Patients with newly diagnosed diabetic foot pathology,
recurrent infection after being totally cured, and history of
amputation below the metatarsus were enrolled in the study.

On admission, specimens for culture were obtained fol-
lowing cleansing and the debridement of the wound by
swabbing the ulcer base, curettage, needle aspiration or
biopsy, depending on the wound depth. The following cri-
teria should be met for the resistant bacteria: methicillin-
resistant staphylococcus, betalactam-resistant enterococcus,
extended spectrum betalactamase (ESBL), and/or induced
betalactamase (IBL)-produced Gram-negative bacteria and
resistant bacteria against two or more antibiotics (quinolone
and aminoglycoside, betalactam and quinolone, etc.). All
centers involved in the study prescribed the antibiotics and
determined the duration of the therapy themselves without
any intervention.

The diagnosis of osteomyelitis was based on the positivity
of any of the following tests; bone biopsy, X-ray, MRI, scin-
tigraphy or the probe-to-bone test. The following criteria
should be met for the diagnosis of neuropathy: positive mono-
filament test result, or neuropathy diagnosed by a neurologist.
Body mass index (Quetelet index) was calculated as the
weight in kilograms divided by the square of the height.
Glycemic control was evaluated with HbAlc. The following
criteria should be met for the diagnosis of hypertension:
current antihypertensive medication or blood pressure higher
than 90/140 mmHg on admission or prescription of antihy-
pertensive medication by a cardiologist on admission to the
hospital.

In this study, proportional comparisons for categorical
variables were done using the Chi-squared test. Prior to
univariate analysis, the Kolmogorov—Smirnov test was used
to determine the normal distribution of constant variables.
We performed Student’s 7 test for variables with a normal
distribution and nonparametric Mann—Whitney U test for
variables without a normal distribution. The factors affecting
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the development of osteomyelitis, the growth of resistant
bacteria, amputation rate, and the failure of the therapy were
evaluated by univariate and multivariate logistic regression
analyses. For the determination of risk factors affecting the
duration of hospitalization, Chi-squared automatic interaction
detector (CHAID) analysis was used. The statistical signifi-
cance was set at a p value of <0.05.

Results

A total of 96 patients were enrolled in the study. Of these, 73
(76%) were male. The mean+SD age was 60.32+
12.96 years, the mean=SD diabetes duration was 15.1+
9.4 years, the median duration of the diabetic foot infection
was 29 days, the mean+SD hospitalization duration was
23.8+14.9 days, the mean+SD follow-up period was 33.2+
20.2 days, the mean antibiotics cost was 1,650 USD. Seventy-
eight patients were evaluated for osteomyelitis and of these,
48 (61.5%) were diagnosed as osteomyelitis. The demographic
characteristics of the patients are shown in Table 1.

Microbiological assessment was performed in 86 patients.
A total of 115 causative bacteria were isolated from 71
patients. The cultures remained sterile in 15 patients. The most
frequently isolated bacteria were Pseudomonas aeruginosa
(n=21, 18.3). The others were Streptococcus spp. (n=17,
14.8%) and Staphylococcus aureus (n=16, 13.9%) respectively
(Table 2). Among cases with bacterial growth, 37 patients
(43%) were infected with 38 (33%) resistant bacteria. The mean
(+SD) antibiotics cost was 2,220.42 (+£994.59) USD in cases
infected with resistant bacteria while it was 1,206.60 (£1,160.6)
USD in cases infected with susceptible bacteria (p<0.001;
Fig. 1). The antibiotic costs of infections caused by
methicillin-resistant Staphylococcus aureus (MRSA) and the
other multi-drug-resistant bacteria (median=1,889.16 USD and
2,001.66 USD respectively) were higher than the infections
caused by susceptible bacteria and the difference was statisti-
cally significant (p=0.038 and p<0.001 respectively).
There was no significant difference between the antibiotic
cost of infections caused by MRSA and those caused by
the other multi-drug resistant bacteria (p=0.582)

The most important factor determining the duration of
hospitalization was the diagnosis of osteomyelitis (Fig. 2).
The mean hospitalization duration was 29.25 days in
patients with osteomyelitis while it was 17.7 days in those
without osteomyelitis (p<0.001). The most important factor
determining the duration of hospitalization in cases without
osteomyelitis was the type of surgical procedure. In patients
without amputation or other surgical intervention (mean
hospitalization stay 11.35 days), the mean hospitalization
duration was longer in than the patients who underwent soft
tissue debridement (mean hospitalization stay 20.92 days; p<
0.001). The duration of hospitalization due to osteomyelitis

Table 1 Demographic and clinical characteristics of the study subjects

n (%)
Age mean (£SD) (years) 60.32 £12.96
Gender (male) 73 (76)
Duration of diabetes (year) median (25-75%) 15 (10 - 20)
Hypertension 54 (56.2)
Smoking 46 (47.9)
Duration of diabetic foot infection 29 (15-60)
(days) median (25-75%)
HbA Ic¢ median (25-75%) 8 (7—9.5)
Body mass index mean (£SD) 27.97+4.7
Previous hospitalization history 62 (64.6)
Previous foot infection 45 (46.9)
Previous osteomyelitis 20 (20.8)
Previous debridement (soft tissue) 26 (27.1)
Previous amputation 20 (20.8)
Previous vascular surgery 7(7.3)
Renal failure 9(9.3)
Antibiotics administration within the last 30 days 75 (78.1)
Peripheral vascular disease
Grade 1 64 (66.7)
Grade 2 20 (20.8)
Grade 3 12 (12.5)
Wound depth (n=76)
Grade 1 21(27.6)
Grade 2 48 (63.2)
Grade 3 7(9.2)
Neuropathy 59 (61.5)
Ulcer localizations (n=76)
Thumb 14 (18.4)
Other fingers 20 (26.3)
Metatarsal 7(9.2)
Plantar foot 10 (13.2)
Heel 11 (14.5)
Two or more regions 14 (18.4)
Infection
Grade 1 1(1)
Grade 2 39 (40.6)
Grade 3 52 (54.2)
Grade 4 4(42)
Wound size (sz) median (25-75%) 5(2.75-10)

Leukocyte count/mm’ median (25— 75%)
Erythrocyte sedimentation rate mean (+=SD)
C-reactive protein (mg/dL) median (25-75%)
Osteomyelitis (n=78)
Resistant bacteria (n=86)
Amputation
Duration of hospitalization mean (+SD) (days)
Outcome
Cured
Recurrent infection
Need for recurrent surgical treatment
Exitus

9,640 (7,290-12,500)
70+37

9.3 (2.05-45)

48 (61.5)

37 (43)

23 (24)

23.8+14.9

78 (81.3)
10 (10.3)
4 (42)
4(42)
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Table 2 Microorganisms isolated from foot infections

Causative bacteria n (%)
Gram-positive aerobic cocci 55 (47.8)
Staphylococcus aureus 16 (13.9)
Methicillin-resistant 8
Multidrug-resistant 2
Coagulase-negative staphylococcus 8(6.9)
Methicillin-resistant 3
Streptococcus spp. 17 (14.8)
Enterococcus spp. 14 (12.2)
Betalactam-resistant 1
Gram-negative aerobic bacilli 55 (47.8)
Pseudomonas aeruginosa 21(18.4)
IBL? positive 8
Escherichia coli 9(7.8)
ESBL? positive 4
Multidrug-resistant 1
Proteus spp. 8 (6.9)
ESBL? positive 1
Morganella spp. 8 (6.9)
Multidrug-resistant 3
Klebsiella pneumonia 3(2.6)
ESBL? positive 2
Acinetobacter spp. 3(2.6)
Multidrug-resistant 3
Enterobacter spp. 3(2.6)
ESBL? positive 2
Other (including anaerobes) 544
Total 115 (100)
Total resistant bacteria 38 (33)

*Induced betalactamase
b Extended spectrum betalactamase

caused by resistant bacteria was longer than for the susceptible
bacteria (~33 days vs. ~23 days, p=0.025).

The univariate analysis of the factors affecting the develop-
ment of osteomyelitis, the growth of resistant bacteria, ampu-
tation rate and the failure of the therapy were shown in Table 3.
According to the logistic regression analysis, the risk factors
related to the growth of resistant bacteria were previous am-
putation and antibiotic administration within the last 30 days
and the risk factor related to the development of osteomyelitis
was wound size >4.5 cm®. The risk factor related to the failure

of the treatment was the growth of resistant bacteria (Table 4).

Discussion

The most important aims of diabetic foot infection therapy
are patient survival and prevention of limb loss. However,

@ Springer

there are few data on which clinical factors present at baseline
correlate with the clinical outcome of treatment for these
infections [3]. In contrast to the studies in the literature, the
etiological role of Gram-positive bacteria, particularly Staph-
ylococcus aureus (n=16, 13.9%), in this study was relatively
small. As a result of this, the rate of MRS A was also low (n=8,
7%). One major change in the causative organisms of DFIs in
the past 10 years is the increasing frequency of isolation of
MRSA [5]. Several studies have found that 30-50% of S.
aureus isolates from diabetic foot ulcers are methicillin (oxa-
cillin)-resistant [6, 7]. In this study, the most frequently iso-
lated bacteria from diabetic foot infections were Pseudomonas
aeruginosa (18.4%) and of these, 38% were producing IBL.
Lipsky et al. [2] have proposed that Gram-positive bacteria are
predominant in acute diabetic foot infections and that chronic
infections may involve Gram-negative bacteria and anae-
robes. In the present study, 58% of the patients were classified
as grades 3 and 4. This result may explain the similar distri-
bution of Gram-positive and Gram-negative isolates. Previous
studies performed with similar patient characteristics have
also reported increasing frequency of antibiotic-resistant (in-
cluding extended-spectrum beta-lactamase-producing) Gram-
negative organisms, particularly Pseudomonas species
[8-10].

The present study underlines the high prevalence of
resistant bacteria in diabetic foot infection, accounting for
33% of all isolates, which is in accordance with earlier
studies [11-13]. Furthermore, recovery of multi-drug resis-
tant isolates in 43% (n=86, patients evaluated by microbio-
logical examination) of our patients was a serious concern.
In one study of 102 diabetic patients with a foot wound, the
significant risk factors for having a multi-drug-resistant
diabetic foot pathogen were: previous antibiotic therapy
and its duration, frequency of hospitalization for the same
wound, duration of hospital stay. and the presence of oste-
omyelitis[12]. In our study, we found out that amputation
history increases the isolation of multi-drug-resistant bacte-
ria 7-fold, while administration of antibiotics within the last
30 days increases this rate 4-fold.

Resistant bacteria infections have been reported to in-
crease hospital stay and cost and, in some cases, to be
associated with morbidity or increased death rates [11, 14].
In our study there was a statistically significant difference
between the costs of infections with resistant bacteria in-
cluding MRSA and susceptible bacteria (2,220.42 USD,
1,206.60 USD respectively). Additionally, the difference
between the costs of infections caused by resistant bacteria
except for MRSA and susceptible bacteria was also
statistically significant. Lipsky et al. [15] reported that
the cost of infections caused by Gram-negative bacteria
including P. aeruginosa is higher than that of the infec-
tions caused by Gram-positive bacteria including staph-
ylococci. This is due to the costly antibiotic regimens
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Fig. 1 The cost of antibiotics
with resistant bacteria and
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prescribed for the treatment of infections caused by
resistant bacteria.

In our study we found that the growth of resistant bacteria
was associated with an approximately 5-fold increased risk
of failure of the treatment. Vardakas et al. [14] reported a
similar result for only MRSA. On the other hand, do these
resistant bacteria lead to invasive infections? In the literature
it was reported that MRSA acts more aggressively than
methicillin-susceptible S. aureus (MSSA). Particularly,
community-acquired MRSA infections are associated with a
more adverse impact because of the Panton—Valentin leukoci-
din effect on outcome than community-acquired MSSA infec-
tions [16]. Furthermore, diabetic foot ulcer infected by MRSA
was associated with a slower healing rate in two retrospective
studies [17, 18]. But is this valid for IBL-producing Pseudo-
monas species and ESBL-producing Gram-negative bacteria?
The virulence factors of these bacteria should be determined
in future studies.

We also found that in patients with osteomyelitis, infec-
tions due to resistant bacteria prolong the duration of hos-
pitalization. According to CHAID analysis, the presence of
osteomyelitis was the most significant factor affecting the
duration of hospitalization. However, the duration of hospi-
talization due to osteomyelitis caused by resistant bacteria
was longer than for the susceptible bacteria (~33 days vs
~23 days). In diabetic foot infections, the treatment has been
started empirically. In the case of infection caused by resis-
tant bacteria, narrow spectrum antimicrobial treatment will
fail to treat the infection and this may lead to the extension
of infection. At this point there is a need for microbiological

Resistant bacteria

examination. All these processes may lead to prolonged
treatment duration. For these reasons, all risk factors should
be considered in order to choose the best empirical
antibiotherapy.

In multivariate analysis, we found out that wound
size >4.5 cm? was the only statistically significant factor
affecting the development of osteomyelitis. Many papers in
the literature report that the wound size >2 ¢cm? is an important
factor in the diagnosis of osteomyelitis [2, 5, 19, 20]. In our
study, the statistical analysis of wound size was performed
only in patients with osteomyelitis. This may result in a wider
wound size than expected.

In our study group, the amputation risk was 7-fold higher
in patients with previous foot infection and 6-fold higher in
patients with osteomyelitis than in patients without previous
infection and without osteomyelitis respectively. Previous
studies have identified independent risk factors, including
history of foot ulcer, older age, complications of diabetes
(nephropathy or retinopathy), neuropathy, poor glycemic
control (higher HbAlc), limb ischemia, depth of wounds,
and severity of infection, the presence of gangrene (e.g., a
higher Wagner grade), and osteomyelitis [1, 21, 22]. It is a
fact that all these factors are related to each other. In a
neuroischemic foot, the development of severe infection
and gangrene is likely. In a foot with severe infection or
gangrene, the development of osteomyelitis is inevitable.
Diabetic foot osteomyelitis is usually a chronic infection
and requires surgical therapy [23]. Most surgeons tend to
accept amputation as being the major form of treatment of
osteomyelitis. However, the accuracy of this approach in all
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Duration of hospitalization
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Mean 24,893
Std. Dev. 14,302
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|
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Resistant bacteria
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Amputation; No surgical Soft-tissue debridement No Yes, <missing>
procedure
Node 3 Node 4 Node 5 Node 6
Mean 11,5633 Mean 20,917 Mean 22,857 Mean 32,972
Std. Dev. 5,357 Std. Dev. 10,841 Std. Dev. 10,384 Std. Dev. 14,950
n 15 n 12 n 21 n 36
% 17,9 % 14,3 % 25,0 % 42,9
Predicted 11,533 Predicted 20,917 Predicted 22,857 Predicted 32,972

Fig. 2 Chi-squared automatic interaction detector (CHAID) analysis of the factors related to the duration of hospitalization

osteomyelitis cases is controversial. Proper sampling of
bone tissue prevents misdiagnosis and determines the defin-
itive causative bacteria, which direct toward the appropriate
therapy [24]. Limited limb-saving surgery and prolonged
antibiotic therapy directed toward the definitive causative

@ Springer

bacteria are the most appropriate approaches. This may
decrease significantly limb loss due to major amputations.
As a result the infections caused by resistant bacteria may
lead to a high cost of antibiotherapy, prolonged hospitalization
duration, and failure of the treatment.
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Table 3 Univariate analysis of the factors related to the development of osteomyelitis, amputation rates, growth of resistant bacteria, and the

outcomes of the treatment

Variables Parameters P
Osteomyelitis
Yes (%) No (%)
N=78 n=48 n=30
Previous hospitalization history Yes (51) 26 25 0.017
No (27) 22 5
N=76 n=46 n=30
Wound depth
Grade 1 6 15 <0.001
Grade 2 33 15
Grade 3 7 0
N=T75 n=48 n=27
Duration of diabetic foot infection (days) median (25-75%) 30 (20-63.8) 17.5 (10-32.59) 0.007
Wound size (cm?) median (25-75%) 7.5 (3.75-15) 3 (2-6.25) 0.003
Isolation of resistant bacteria
Yes (%) No (%)
Previous amputation Yes (17) 14 3 0.014
No (58) 26 32
Antibiotics administration within the last 30 days Yes (40) 33 7 0.031
No (35) 20 15
Amputation
Yes (%) No (%)
Previous foot infection Yes (45) 17 28 0.001
No (49) 5 44
Previous osteomyelitis Yes (20) 9 11 0.03
No (61) 12 49
Previous amputation Yes (20) 9 11 0.017
No (72) 13 59
Neuropathy Yes (59) 20 39 0.003
No (35) 3 32
Osteomyelitis Yes (48) 17 31 0.009
No (30) 3 27
Treatment outcome
Cured Failed
Leukocyte count/mm® median (25-75%) 10,006.9 (3,921.4) 12,274.7 (5,204.8) 0.047
N=T71 n=56 (%) n=15 (%)
Growth of resistant bacteria Yes (37) 25 (67.5) 12 (32.5) 0.021
No (34) 31 91.4) 3 (8.8)

Table 4 Logistic regression analysis of independent risk factors for the growth of resistant bacteria, developing osteomyelitis, and the failure of

treatment
p OR 95% CI
Growth of resistant bacteria Previous amputation 0.018 7.229 1.410-34.04
Antibiotic administration within the last 30 days 0.032 3.796 1.123-12.83
Osteomyelitis Wound size >4.5 cm? 0.041 2.8 1.044-7.509
Amputation Previous foot infection 0.005 6.99 1.827-26.743
0.015 6.173 1.425-26.74
Failure of the treatment Growth of resistant bacteria 0.016 5.333 1.372-20.735
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