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ABSTRACT The purpose of this study was to evaluate risk factors for failure of
antibiotic treatment within 30 days for uncomplicated skin infections of outpa-
tients treated in a Veterans Affairs hospital. A retrospective chart review of out-
patients between January 2006 and July 2015 with an ICD-9 (International Statis-
tical Classification of Diseases and Related Health Problems) code of cellulitis or
abscess was included in the analysis. The primary outcome was success versus
failure of the antibiotic, with failure defined as another antibiotic prescribed or
hospitalization within 30 days for the original indication. A total of 293 patients
were included in the final analysis, 24% of whom failed within 30 days. Obesity/
overweight (body mass index [BMI] of �25 kg/m2) was identified in 83% of the
overall population, with 16% of that population having a BMI greater than 40
kg/m2. An elevated mean BMI of 34.2 kg/m2 (P � 0.0098) was found in the sub-
set of patients who failed oral antibiotics compared to a BMI of 31.32 kg/m2 in
patients who were treated successfully. Additionally, the patients who failed had
an increased prevalence of heart failure at 16% (P � 0.027). Using multivariate
logistic regression, BMI and heart failure were determined to be significant pre-
dictors of antibiotic prescription failure. Each 10-kg/m2 unit increase in BMI was
associated with a 1.62-fold-greater odds of failure. A diagnosis of heart failure in-
creased the odds of failure by 2.6-fold (range, 1.1- to 5.8-fold). Outpatients with
uncomplicated skin infections with an elevated BMI and heart failure were found
to have increased odds of failure, defined as hospitalization or additional antibi-
otics within 30 days.
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The incidence of skin and soft tissue infections in outpatients in the United States has
increased from 8.6 million in 1997 to 14.2 million in 2005 (1). Hospitalization rates

due to poorly managed or untreated skin infections have also continued to rise (1, 2).
Most often, skin and soft tissue infections are treated with oral antibiotics in the

outpatient setting, such as emergency rooms or primary care offices. In the literature,
the overall treatment failure rate of oral antibiotics ranges from 10% to 21% (3–7). One
study found that the mean additional cost associated with antibiotic failure was $1,934
per patient (5).

Knowledge of risk factors for antibiotic prescription failure for skin and soft tissue
infections in the outpatient setting is limited. There are two studies that describe risk
factors for failure in the emergency room in patients who received oral or intravenous
therapy (4, 6). A study that observed patients treated in the emergency room with both
oral and intravenous antibiotics for cellulitis found that risk factors associated with
treatment failure included fever, chronic leg ulcers or edema, and history of cellulitis or
cellulitis around a wound site (4). Additionally, Murray et al. found that in those patients
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treated with antibiotics in the emergency room, risk factors associated with treatment
failure were older age, prior oral antibiotic therapy, and surface area of the infection (6).

Many outpatients with skin and soft tissue infections are treated solely with oral
antibiotics, and studies have not identified risks of failure in this subset of patients. As
health care costs continue to rise, it is ideal to identify patients at increased risk of
failure with oral antibiotics to avoid excessive morbidity and the need for hospital
admission.

In this study, the primary objective was to assess the risk factors for failure of oral
antibiotic treatment within 30 days for skin and soft tissue infections of outpatients
treated in a Veterans Affairs hospital emergency room and primary care offices. We
retrospectively evaluated the failure rates of oral antibiotic regimens prescribed for the
treatment of cellulitis, abscess, and mixed skin infections in the emergency room
and/or primary care offices.

RESULTS

A total of 1,060 patient visits were reviewed using the Veterans Affairs Western New
York (VA WNY) Healthcare System electronic medical record (EMR); 293 patients were
included and 767 patients were excluded (Fig. 1). There were 127 patients (43%) treated
in the emergency department and 166 patients (57%) treated in the primary care
offices. Cellulitis was treated in 182 patients (62%), abscesses were treated in 67
patients (23%), and mixed cellulitis and abscess were treated in 44 patients (15%). Of
the overall population, 69 patients (24%) failed oral antibiotics as defined by a need for

FIG 1 Inclusion and exclusion. IV, intravenous.
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an additional antibiotic or hospitalization within 30 days for the original indication. Of
patients treated for abscess, 26.7% failed. Patients with cellulitis alone had a failure rate
of 22.5%. Failure was found in 22.7% of patients treated for a mixed infection with
abscess that had cellulitis extending beyond what would be expected with abscess
alone. Hospitalization for worsening skin infections was required in 14 of the 69
patients who failed oral antibiotic therapy (20.3%).

The majority of patients of the total population were overweight/obese: 83% had a
body mass index (BMI) greater than 25 kg/m2. One hundred fifty-nine patients (54%)
were overweight (BMI of 25.0 to 29.9 kg/m2), and 84 patients (29%) were obese (BMI of
30 kg/m2 and greater) (8). Forty-eight (16%) patients had a BMI of 40 kg/m2 or greater.

Patients who failed antibiotics and those who succeeded were similar in terms of
age, race, height, temperature, serum creatinine, and creatinine clearance (Table 1).
Patients who failed treatment were more likely to be obese, with an elevated mean BMI
of 34.2 kg/m2 (P � 0.0098). The median (interquartile range) Charlson comorbidity
index for those who failed was 1 (0 to 3), compared to 1 (0 to 2) (P � 0.048) for those
who succeeded. Additionally, the patients who failed therapy were found to have an
increased prevalence of diabetes at 48% (P � 0.026) and of heart failure at 16% (P �

0.027). Diabetics had a higher BMI than did nondiabetics. The mean BMI for diabetics
in our cohort was 36 kg/m2, and that in nondiabetics was 29.6 kg/m2 (P � 0.0001).

Cultures were obtained from 45 patients; of those, 20.3% (n � 14) failed and 13.8%
(n � 31) experienced success (P � 0.2). Methicillin-resistant Staphylococcus aureus
(MRSA) was present in 14 cultures; of those, 9 patients failed and required additional
antibiotics. MRSA was present in 10 patients with abscess, 3 patients with mixed
infections, and 1 patient with cellulitis.

The types of skin and soft tissue infections and locations, oral antibiotic regi-
mens, and provider locations were similar between the group of patients who failed
antibiotics and those who succeeded (Table 2). The most prevalent anatomic area
of infection was the lower extremity (58.7%). Trimethoprim-sulfamethoxazole (TMP-
SMX) (32.8%) and cephalexin (29.7%) were the most common antibiotics prescribed.
Twenty percent of patients received other antibiotic regimens that consisted of
dicloxacillin, amoxicillin-clavulanate, doxycycline, and penicillin. There was no sta-
tistically significant difference in treatment duration between the two groups, both
having an average duration of approximately 9 days.

Doses of the oral antibiotic regimens varied among patients in respect to each of the

TABLE 1 Baseline patient characteristics

Demographic characteristica Total cohort (n � 293) Success (n � 224) Failure (n � 69) P value

Age (yr), mean � SD 60.54 � 17.20 60.79 � 17.5 59.72 � 6.15 0.65
Male, no. (%) 276 (94.2) 208 (92.9) 68 (98.6) 0.077

Race, no. (%) 0.95
African American 46 (15.7) 36 (16.1) 10 (14.5)
Caucasian 243 (82.9) 185 (82.6) 58 (84.1)
Other 4 (1.4) 3 (1.3) 1 (1.5)

Ht (in.), mean � SD 69.82 � 2.99 69.89 � 3.04 69.55 � 2.83 0.40
Wt (kg), mean � SD 100.63 � 26.50 98.88 � 24.57 106.3 � 31.5 0.043
BMI (kg/m2), mean � SD 32.0 � 7.89 31.32 � 7.21 34.18 � 9.49 0.0098
Temp (°F), mean � SD 97.57 � 0.94 97.55 � 0.94 97.63 � 0.92 0.55
Diabetes, no. (%) 107 (36.5) 74 (33) 33 (47.8) 0.026
Heart failure, no. (%) 27 (9.2) 16 (7.1) 11 (15.9) 0.027
Mild liver disease, no. (%) 18 (6.1) 18 (8) 0 0.15
Charlson score, median (interquartile range) 1 (0–2) 1 (0–2) 1 (0–3) 0.048
Chronic kidney disease, no. (%) 26 (8.9) 19 (8.5) 7 (10.1) 0.67
Serum creatinine (mg/dl), mean � SD 1.06 � 0.35 1.06 � 0.35 1.08 � 0.32 0.73
Creatinine clearance (ml/min), mean � SD 114.05 � 53.15 112.04 � 51.44 120.66 � 58.34 0.25
MRSA colonization (n � 94), no. (%) 8 (8.5) 5 (7) 3 (13) 0.37
Penicillin allergy, no. (%) 29 (9.9) 22 (9.8) 7 (10.1) 0.94
aBMI, body mass index; MRSA, methicillin-resistant Staphylococcus aureus.
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antibiotics prescribed. Appropriate therapeutic dosing regimens were determined to
be the following: cephalexin at 500 mg by mouth every 6 h, clindamycin at 300 mg by
mouth every 6 h or 450 mg by mouth every 8 h, and TMP-SMX at 1 double-strength
(DS) tablet (800 mg/160 mg, respectively) by mouth every 12 h. In those patients with
renal dysfunction, dosing adjustments according to creatinine clearance were consid-
ered to be therapeutic per the Lexi-Comp database (Lexi-Comp, Inc., Hudson, OH). Of
the 69 patients who failed oral antibiotics, 11 patients (15.9%) were found to have
subtherapeutic antibiotic dosing regimens. In those who were treated successfully with
oral antibiotics, 33 patients (14.7%) were found to have subtherapeutic dosing regi-
mens.

Significant risk factors for failure were determined using multivariate logistic regres-
sion analysis. Charlson comorbidity index (P � 0.99), liver disease (P � 0.99), and
diabetes (P � 0.33) were removed, as they were not statistically significant. BMI and
heart failure were significant predictors of failure in the final model. The unit odds ratio
(OR) for failure with BMI was 1.05 (95% confidence interval [CI] � 1.0 to 1.1, P � 0.0085).
Therefore, each 10-kg/m2 unit increase in BMI was associated with a 1.62-fold-higher
odds of failure with oral antibiotic treatment for skin and soft tissue infections. Heart
failure increased the risk of failure by 2.56 (95% CI � 1.1 to 5.8, P � 0.03). Based on our
model, failure of antibiotics in outpatients without heart failure ranged from 13.5% in
normal-weight patients with a BMI of 20 kg/m2 to 48.7% in patients with a BMI of 60
kg/m2. In patients with a comorbidity of heart failure, failure of antibiotics was greater;
28.7% would fail with a BMI of 20 kg/m2 and 70.9% were predicted to fail with a BMI
of 60 kg/m2 (Table 3). A second logistic regression model examined the interaction
between BMI and heart failure; the effect test indicated no interaction (P � 0.48).

TABLE 2 Clinical characteristics of skin infections

Demographic characteristic
Total cohort
(n � 293)

Success
(n � 224)

Failure
(n � 69) P value

Provider location, no. (%) 0.98
Emergency room 127 (43.3) 97 (43.3) 30 (43.5)
Primary care 166 (56.7) 127 (56.7) 39 (56.5)

Antibiotic prescribed, no. (%) 0.89
Cephalexin 87 (29.7) 68 (30.4) 19 (27.5)
Clindamycin 45 (15.4) 35 (15.6) 10 (14.5)
TMP-SMX 96 (32.8) 71 (31.7) 25 (36.2)
TMP plus cephalexin 8 (2.7) 7 (3.1) 1 (1.4)
Other 57 (19.4) 43 (19.2) 14 (20.3)

Duration of treatment (days), mean � SD 9.0 � 1.92 8.94 � 2.01 9.14 � 1.59 0.43

Anatomic area, no. (%) 0.66
Buttocks/groin 20 (6.8) 14 (6.2) 6 (8.7)
Head/neck 50 (17.1) 38 (17) 12 (17.4)
Lower extremity 172 (58.7) 129 (57.6) 43 (62.3)
Trunk/abdomen 13 (4.4) 11 (4.9) 2 (2.9)
Upper extremity 38 (13) 32 (14.3) 6 (8.7)

Incision and drainage, no. (%) 51 (17.4) 38 (20) 13 (18.8) 0.72

Type of infection, no. (%) 0.77
Abscess 67 (22.9) 49 (21.9) 18 (26.1)
Cellulitis 182 (62.1) 141 (62.9) 41 (59.4)
Mixed 44 (15) 34 (15.2) 10 (14.5)

Culture result (n � 45), no. (%) 0.012
Gram negative 1 (2.2) 1 (3.2) 0
MRSA 14 (31.1) 5 (16.1) 9 (64.3)
S. aureus 16 (35.6) 12 (38.7) 4 (28.6)
Skin flora 11 (24.4) 11 (35.5) 0
No growth 3 (6.7) 2 (6.4) 1 (7.1)

Hospitalization within 30 days, no. (%) 15 (5.1) 1 (0.5) 14 (20.3) �0.0001
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DISCUSSION

Despite the convenience of treating skin and soft tissue infections with oral antibi-
otics, the subsets of patients with heart failure and obesity are at increased risk of failing
oral therapy, leading to additional antibiotic regimens and hospitalization. The Infec-
tious Diseases Society of America (IDSA) published practice guidelines on the treatment
of skin and soft tissue infections in 2014 (9). In these guidelines, oral antibiotic therapy
is recommended for patients without systemic inflammatory response syndrome,
altered mental status, and hemodynamic instability. This paper provides evidence that
patients with perfusion abnormalities are at an increased risk for failure and may not
succeed within the limitations of the guidelines. Based on this study, decreasing failure
and hospitalization rates may be achieved by focusing on patients with elevated BMI
and those with heart failure.

In this study, our failure rate was 24%, which is higher than that in previously
published studies with a range of 10% to 21% (3–7). This may be due to the increased
number of overweight and obese patients compared to prior studies. Sixteen percent
of our patients had a BMI greater than 40 kg/m2; such patients have been excluded
from previous studies and thus may not be a true comparison of failure rates to our
study population (7).

More than 1.9 billion adults worldwide were considered overweight, with over 600
million categorized as obese, in 2014, and obesity prevalence has more than doubled
worldwide since 1980 (10). Obesity has been established as one of the top three leading
causes of preventable death in the United States (11). In the United States obesity
epidemic, 1 in 3 adults is estimated to be obese. As these numbers continue to rise,
treatment of this select population will need to be optimized (12).

It has been found that skin and soft tissue infections in the obese population
have increased in incidence and account for some of the most common antibiotic
prescriptions (13, 14). In obese patients, the possible proposed mechanism for
increased failure may be attributed to pharmacokinetics and pharmacodynamic
characteristics of antibiotics that are altered in obese patients (15). Specifically,
increased volume of distribution into adipose tissue, increased clearance, and
insufficient antibiotic penetration may all result in oral antibiotics not reaching the
desired site of action (16).

There is a limited amount of literature on dosing recommendations in the obese
population; some studies have drawn the conclusion of increased failure rates in
obese patients due to inadequate concentration but have had difficulty accounting
for the mechanism of failure. Beta-lactams, such as cephalexin, are known to be
hydrophilic drugs with poor penetration into adipose tissue but are generally safe,
well-tolerated drugs with few adverse effects. Inadequate tissue concentrations of
cefazolin can lead to concentrations below the MIC, which can lead to failure
(17–19). In morbidly obese surgical patients, 2-g cefazolin doses resulted in a
reduction of surgical site infection rates from 16.5% to 5.6% (19). A study of patients
with osteomyelitis concluded that clearance of intravenous clindamycin increases
as body weight increases, suggesting that obesity in patients may result in sub-
therapeutic concentration doses of clindamycin due to increased clearance and a
requirement for higher doses (20). This study included 50 patients and 122 plasma
concentrations of patients treated with clindamycin. Sixty-eight percent of patients

TABLE 3 Predicted failure rates with and without heart failure with various BMIs

BMI (kg/m2)

Failure rate (%)

No heart failure Heart failure

20 13.5 28.7
30 19.7 38.7
40 28.7 49.7
50 37.7 60.8
60 48.7 70.9
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were categorized as overweight, with BMIs ranging from 25 to 30 kg/m2, and 8%
were categorized as obese, with BMIs greater than 30 kg/m2 (20). A study suggested
that TMP-SMX, a hydrophilic antibiotic, should be dosed on the basis of patients’
total body weight due to insufficient concentrations and increased failure in obese
patients (17, 21). In a study by Halilovic et al., morbidly obese patients with cellulitis
and/or abscess dosed with TMP-SMX as 1 double-strength tablet twice a day were
more likely to fail treatment than were nonobese patients (21).

Alon et al. concluded that approximately 8% of infection-associated admissions in
heart failure patients were due to skin and soft tissue infections (22). Patients with heart
failure often present with chronic edema in the lower extremities, which may predis-
pose patients to cellulitis (23). An additional reason may be due to heart failure patients
having reduced cardiac output and peripheral vasoconstriction, leading to reduced
volume of distribution and possibly poor penetration of systemic antibiotic into the
infection site (24, 25).

The study has several limitations. The retrospective study design relies on the
accuracy of the electronic medical record and thus may be subject to selection bias.
Because this study was conducted at a single institution and in a veteran population,
its external validity may be limited. Patient adherence to medication and nonpharma-
cologic measures was unable to be assessed. The study was conducted in a predom-
inantly older, male, Caucasian population. It is also conceivable that patients with an
abscess and significant cellulitis could have benefited from initial intravenous antibiotic
therapy, as this category of patients had cellulitis extending beyond what would have
been expected with an abscess alone.

Failure rates of oral antibiotics for skin and soft tissue infections in this largely obese
population were elevated. The failure rate of oral antibiotics was 24%. Future directions
to help combat the unacceptably high treatment failure rate in the subsets of obese
and heart failure patients are needed. Antibiotic doses and duration, as well as route of
administration (intravenous versus oral), should be optimized to prevent failure in this
vulnerable population.

MATERIALS AND METHODS
Design. This was a single-center, quality assurance/quality improvement, retrospective cohort of

outpatients treated for skin and soft tissue infections in the emergency department or primary care
offices at the Veterans Affairs Western New York Healthcare System in Buffalo, NY (WNY VA Healthcare
System). Patients’ charts were identified through ICD-9 (International Statistical Classification of Diseases
and Related Health Problems) diagnosis codes (528.3, 681, and 682) for patients treated for cellulitis
and/or abscess skin infection during the period of 1 January 2006 to 1 July 2015.

Study population. Patients included in the study were those with a diagnosis of skin and soft tissue
infection as defined by ICD-9 code. Patients had to have been treated in the emergency department or
primary care offices and prescribed an oral antibiotic. Exclusion criteria consisted of any of the following:
skin infections (e.g., impetigo, carbuncles, folliculitis, furunculosis, and psoriasis), skin infections at a
location that required supplementary management (e.g., bursitis, hand, genital site, mastitis, perirectal
site, catheter site, prosthetic site, surgical site, and orbital site), administration of intravenous therapy, any
infection caused by human or animal bite, residence in a long-term care facility, hospitalization within the
previous 14 days, reception of antibiotic therapy within the previous 14 days, diagnosis of peripheral
arterial disease (PAD) and venous stasis, hemodialysis, and immunosuppressant conditions (e.g., immu-
nosuppressive therapy, HIV/AIDS, and active cancer). Patients with mild abscesses treated only with
incision and drainage and no oral antibiotics were excluded as well.

Outcome measures. The primary outcome was the failure rate of oral antibiotic therapy, defined as
need for another antibiotic or hospitalization for cellulitis or abscess within 30 days from initial treatment.
Baseline demographics included age, gender, race, height, weight, body mass index (BMI), temperature,
serum creatinine, penicillin allergy, methicillin-resistant Staphylococcus aureus nasal colonization, and
comorbid conditions, including diabetes, heart failure, and chronic kidney disease. Additional data
collected included oral antibiotic treatment, including dose and duration, location of provider, type and
location of infection, incision and drainage procedure, culture of infection, and additional antibiotic or
hospitalization within 30 days of original treatment for skin and soft tissue infection.

Relevant hospital microbiology data. Methicillin-resistant S. aureus (MRSA) comprises 38 to 50% of
all strains of S. aureus at the VA WNY Healthcare System. MRSA susceptibility is 98 to 100% to
trimethoprim-sulfamethoxazole (TMP-SMX), 65 to 68% to clindamycin, and 99% to doxycycline. Suscep-
tibility of methicillin-susceptible S. aureus (MSSA) is 100% to cephalexin, 99 to 100% to TMP-SMX, 78 to
88% to clindamycin, and 96% to doxycycline.

Statistics. Bivariate analysis was used to compare those who had success with treatment with those
who failed treatment. To evaluate significant differences with respect to baseline characteristics, the
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independent Student t test was used for continuous variables and either the chi-square or Fisher’s exact
test was used for categorical variables. Aggregate significant baseline characteristics (P � 0.05) from the
bivariate analysis were built into a multivariate logistic regression analysis to determine predictors of
failure. Factors were removed in a backward-elimination fashion until a stable model for predicting
failure of the treatment was reached. Results were presented as odds ratios (ORs) with a 95% confidence
interval. Statistical analysis was performed utilizing JMP software version 12 (SAS Institute Inc., Cary, NC).
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