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ARTICLE INFO ABSTRACT

Level of Clinical Evidence: 4 The aim of this study was to assess whether systemic inflammatory response syndrome (SIRS) is correlated with

outcomes in diabetic foot infections (DFIs). We retrospectively reviewed 137 diabetic patients admitted to the hos-

Keywords:

amputation pital with Infectious Diseases Society of America moderate and severe DFIs. We used SIRS criteria to define severe
osteomyelitis infection based on the presence of at least 2 of the following: heart rate >90 bpm, temperature >38°C or <36°C,
outcomes respiratory rate >20 breaths per minute, and white blood cell count >12,000/mm? or <4,000/mm?>. Patients with

severe DFI were significantly younger (median 49.6 versus 53.6 years, p=.04), less often had type 2 diabetes
(88.6% versus 98.9%, p=.01), and less often had a history of previous amputation (15.9% versus 40.9%, p < .01).
There were no differences in patients with severe infections defined by SIRS versus moderate infections in the
need for surgery (47.7% versus 59.1%, p =.27), any amputation (20.5% versus 29.0%, p =.29), leg amputations (6.8%
versus 7.5%, p=.88), duration of antibiotics (median + standard deviation 34.1 & 46.5 versus 31.9 + 47.2 days,
p=.47), or healing within 1 year (68.2% versus 66.7%, p=1.00). Length of hospital stay was the only outcome
variable that was significantly different in severe infections (median 12.7 + 11.9 versus 7.8 + 5.8 days, p=.02).
Foot-related readmission was more common in moderate infections (46.2% versus 25.0%, p=.02). In conclusion,
SIRS criteria for severe infections in diabetic patients with skin and soft tissue infections were not associated with
a difference in outcomes other than longer hospital stay.

© 2019 by the American College of Foot and Ankle Surgeons. All rights reserved.

Diabetic foot infections (DFIs) are the most common component
cause contributing to hospitalization and limb loss (1,2). Infection in a
compromised host with diabetes, immunopathy, peripheral arterial dis-
ease, poor glucose control, and poor nutrition creates an ideal environ-
ment for the rapid spread of infection and destruction of the skin,
fascia, tendon, and bones. Classification schemes to assess DFI severity
can facilitate the development of algorithms for evaluation, testing, and
treatment. Although systemic inflammatory response syndrome (SIRS)
was initially introduced to assess severity of illness in the intensive care
setting, it has been advocated to predict outcomes in patients with DFI
(3=5). Our clinical observations led us to question the value of using
SIRS in diabetic patients with soft tissue infections, because we did not
see obvious differences in clinical outcomes. The purpose of this study
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was to evaluate clinical outcomes of DFI patients with skin and soft tis-
sue infections based on SIRS criteria. We hypothesized that SIRS criteria
would not be a strong predictor of outcomes or adverse events.

Patients and Methods

Patient Selection

After approval by the institutional review board, medical records of patients treated
between June 2009 and February 2017 for DFI were reviewed. A soft tissue diagnosis was
assigned if osteomyelitis was ruled out by a negative magnetic resonance imaging (MRI),
single-positron emission computed tomography (SPECT CT), or bone biopsy for diabetic
foot osteomyelitis. Patients with positive radiographs, MRI, SPECT CT, bone culture, or
bone histopathology were considered to have diabetic foot osteomyelitis and were not
included. Furthermore, patients who had additional sites of infection outside the affected
foot or inflammatory disease processes were not included.

Patient Factors

Patients without diabetes mellitus (DM) were not included in the current study. Patient
status regarding DM was assessed through patient history, glycated hemoglobin level,
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diabetes-related comorbidities, and glycemic control regimen. Presence of a severe soft tissue
infection was identified according to the Infectious Diseases Society of America Classification
of Diabetic Foot Infection (4), with clinical recognition of >2 of the following SIRS criteria:
heart rate >90 bpm, temperature >38°C or <36°C, respiratory rate >20 breaths per minute or
PaCO, <32 mmHg, and white blood cell count >12,000 cells/mm? or <4,000 cells/mm? or
>10% immature bands. In addition, patient laboratory values including C-reactive protein,
erythrocyte sedimentation rate, serum albumin, and hemoglobin were collected.

Patient Follow-Up and Outcomes

Patients included in the study were followed for at least 12 months or until they died;
patients with <12 months of follow-up were excluded. The outcomes evaluated were the
need for surgical intervention, lower-extremity amputation, hospital length of stay,
wound healing, reinfection, readmission, and mortality.

Statistical Analysis

Patient data were summarized using descriptive statistics: median, mean, and stan-
dard deviation for continuous variables; frequency and percentage were used for categor-
ical variables. Characteristics between patients with and without SIRS criteria were
compared using parametric (Student’s t, x>, multivariate regression) and nonparametric
(Mann-Whitney U, Fisher’s exact) tests as appropriate.

Results

Of 137 patients with DFI, 44 (32.1%) had clinically recognized severe
soft tissue infection (meeting >2 SIRS criteria), whereas 93 (67.9%) had
moderate infections (4). Demographics and patient characteristics are
summarized in Table 1. Patients who presented with SIRS criteria for
severe infection were significantly younger (median + standard devia-
tion 49.6 + 11.4 versus 53.6 & 10.4 years, p =.04), less likely to have type
2 DM (88.6% versus 98.9%, p=.01), less often had a history of previous
amputation (15.9% versus 40.9%, p < .01), and had higher median white
blood cell counts at the time of admission (8.6 + 3.1 versus 11.3 + 4.8,

p < .01). There were no differences in patients with severe and moderate
infections (Table 1) in the need for surgery (47.7% versus 59.1%, p =.27),
the number of surgeries (median 1.0 + 1.5 versus 1.2 & 1.4, p=.24), any
amputation (20.5% versus 29.0%, p =.29), minor amputations (13.6% ver-
sus 21.5%, p =.27), major amputations (6.8% versus 7.5%, p =.34), duration
of antibiotics (median 34.1 + 46.5 versus 31.9 + 47 days, p =.28), wound
healing within 1 year (68.2% versus 66.7%, p=1.00), or time to heal
(median 132.3 + 102.0 versus 136.5 & 103.3 days, p =.74). Foot-related
readmissions to the hospital were more common in patients with mod-
erate infections (46.2% versus 25.0%, p =.02). Length of hospital stay was
the only outcome variable that was significantly higher in patients with
severe infections (median 12.7 4 11.9 versus 7.8 & 5.8 days, p < .01).

Discussion

DFI is a sentinel event that often necessitates multiple surgeries,
amputation, and prolonged and repeated hospitalizations (6,7). Despite
DFI's well documented contribution to limb loss and recidivism, there
are relatively few studies on the topic. The classification schemes for
DFIs are based mostly on consensus and not on evidence (3,6,7).
Waukich et al (5) conducted the only study to evaluate SIRS criteria in
DFIs and reported findings contradictory to our results. The differences
might be explained by differences in the patient populations, selection
bias, and culture bias; our concern was that the surgeon culture and the
presence of osteomyelitis may have been underlying factors that could
explain the difference in study results. The obvious difference in the
patient population was that the majority of the patients in Wukich’s
study had osteomyelitis (~66%), and the current study included only
patients with skin and soft tissue infections. It has been documented
that patients with osteomyelitis have worse clinical outcomes than
patients with soft tissue infections. In studies by Wukich et al (6) and

Table 1
Patient characteristics
Characteristic All Soft Tissue Infections (N = 137) Moderate Infection (n=93) Severe Infection (n = 44) p Value
Age (yr) 53.0,52.4(10.9) 55.0,53.6 (10.4) 49.0, 49 6(11.4) .04*
Male sex 102 (74.5) 69 (74.2) 33(75.0) 1.00
BMI (kg/m?) 29.8,31.2(7.7) 31.2,32.9(10.6) 28.9, 31 1(8.8) 22
Type 2 DM 131 (95.6) 92 (98.9) 39(88.6) 01"
History of ulceration 82 (59.9) 61 (65.6) 21(47.7) .06
History of amputation 45(32.8) 38 (40.9) 7(15.9) <.01*
Ankle-brachial index 1.1,1.3(0.67) 1.2,1.4(0.70) 1.1, 1 .2(0.59) 44
Neuropathy 123 (89.8) 86 (92.5) 37(84.1) 14
Retinopathy 34(24.8) 24(25.8) 10(22.7) .83
Chronic kidney disease 57 (41.6) 40 (43.0) 7(38.6) .62
Dialysis 15(10.9) 13 (14.0) (4 5) 14
Glycated hemoglobin (%) 8.7,89(24) 8.4,8.8(2.7) 9.2,9.3(2.2) .29
WBC (cells/mm?) 9.0,9.4 (4.1) 8.2,8.6(3.1) 10.2,11.3(4.8) <.01*
Outcomes during admission
Surgery during admission 76 (55.5) 55(59.1) 21(47.7) 27
Number of surgeries 1.0,1.1(1.3) 1.0,1.2(1.4) 0,1.0(1.5) 24
Amputation during admission 36(26.3) 27(29.0) 9(20.5) 29
Foot 26(19.0) 20(21.5) 6(13.6) 27
Leg 10(7.3) 7(7.5) 3(6.8) 88
Vascular intervention 12(8.8) 10(10.8) 2(4.5) 34
Antibiotic duration (d) 16.0,25.2 (28.1) 17.0,31.9(47.2) 18.5,34.1(46.5) 28
Index length of stay (d) 7.0,8.6 (5.7) 6.0,7.8(5.8) 9.0,12.7(11.9) <.01*
Outcomes after discharge
Healed 92 (67.2) 62 (66.7) 30(68.2) 1.00
Days to heal 91.0,129.7 (99.7) 91.0, 1365(103 3) 131.5, 1323(1020) 74
Reinfection 52 (38.0) 40 (43.0) 2(27.3) .09
All-cause readmission 80 (58.4) 53(57.0) 27(61.4) 71
Foot-related readmission 54 (39.4) 43 (46.2) 1(25.0) .02*
Mortality 4(2.9) 3(3.2) 1(2.3) 1.00

Abbreviations: BMI, body mass index; DM, diabetes mellitus; WBC, white blood cell count.

Continuous factors such as age and BMI are represented as median, mean (standard deviation), and categorical factors such as sex and comorbidities are represented as frequency within

the study population, n (%).
* Statistically significant.
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Mutluoglu et al (8), patients with osteomyelitis had longer hospitaliza-
tion, more overall amputations, more minor amputations, and more
major amputations than patients with soft tissue infections.

The treatment of osteomyelitis may be different based on the cul-
tural bias of the treating physician. Cultural bias is defined as making
judgments based on one’s training and beliefs (9—11). This can be
applied within the field of medicine and can be affected by medical and
surgical specialty training. We acknowledge that the ultimate decision
for performing surgery or amputation was made by a team of surgeons.
Some surgeons believe that medical treatment for osteomyelitis is not
effective. Surgeons’ training could bias them toward more aggressive
surgery and perhaps more proximal amputations to completely remove
the infected bone. Other subspecialties may favor less aggressive sur-
gery and medical treatment in patients with osteomyelitis in the belief
that limited bone resection or local amputation is often successful while
maintaining function of the extremity.

In their evaluation of SIRS criteria, Wukich et al (5) reported the
results of 119 patients admitted to the hospital for moderate and severe
DFls; 66.4% had osteomyelitis. They reported a higher rate of amputa-
tion overall in people with SIRS criteria than in those with moderate
infections (63% versus 40%) and a higher rate of leg amputation (25%
versus 5%) (5). In patients that met SIRS criteria and patients that did
not, we reported a lower rate of any amputation (20.5% versus 29.0%)
and a lower rate of major amputation (6.8% versus 7.5%) compared
with the rates in Wukich et al (5).

Selection bias in our series is likely for several reasons. Our study
population may not be generalizable to the general population because
our patients were from a safety-net hospital in which a large proportion
of patients are uninsured or underinsured, with barriers that impede
health care, including simple things such as available transportation to
attend follow-up visits. Major barriers include the inability to receive
outpatient parenteral antibiotic therapy, orthotics, and prosthetics and
lack of a support system at home that promotes wellness. In additional,
our study included a minority population that is disproportionately
larger than the general population.

We defined soft tissue infection as a negative MRI, SPECT CT, bone
culture, or histology because we wanted to reduce the risk that our
cohort would have patients with misclassified osteomyelitis. We
acknowledge that this could lead to selection bias, potentially including
more severe soft tissue infections. In addition, measurement bias was
likely because various operational definitions were used to define dis-
ease; however, the most important study criteria such as SIRS,

peripheral arterial disease, amputation, and length of stay were objec-
tive. Finally, we recognize that the retrospective nature of this study is
a major limitation.

In conclusion, based on our retrospective analysis of 137 hospital-
ized patients with DFIs, we found that patients that present with SIRS
criteria for severe infection did not have significantly higher rates of
surgery, amputation, duration of antibiotics, reinfection, or readmission
for foot complications. Patients with SIRS experienced longer hospital
stays. Consequently, the use of SIRS to assess outcomes in patients with
soft tissue DFIs may be less predictive than previously reported.

Supplementary Materials

Supplementary material associated with this article can be found in
the online version at https://doi.org/10.1053/].jfas.2019.06.001.
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