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Background. Although existing literature supports durations of 5-7 days for skin and soft tissue infections (SSTIs), longer
durations are commonly used. Obesity and heart failure (HF) have been associated with increased risk for treatment failure of SSTTs;
however, whether prolonged antibiotic durations reduce the risk of treatment failure is unknown. We evaluated practice patterns for
SSTIs in patients with obesity and/or HF and whether short antibiotic durations (<8 days) were associated with treatment failure.

Methods. We performed a single-center, retrospective cohort study of inpatients between January 1, 2006, and December 30,
2016, with SSTIs based on International Classification of Diseases (ICD) coding, and obesity and/or HE Charts were manually
reviewed to collect demographic, clinical, treatment, and outcome data. Propensity score matching was used to estimate the risk of
treatment failure between the 2 groups. Secondary outcomes included length of stay, 30-day readmission, and Clostridium difficile
infection rates.

Results. A total of 207 patients were included. Forty-nine (23.7%) received a short antibiotic duration and 158 (76.3%) a long
duration. The median duration of therapy (interquartile range [IQR]) was 7 (7-8) days in the short group and 14 (10-15) days in the
long group. In the propensity score-matched cohort, 28 (28.6%) treatment failures occurred in the long group, as compared with 5
(10.2%) in the short group (P =.02), as well as a shorter length of stay (IQR) in the short- vs long-duration group (2 [2-3] vs 3 [2-5]
days, respectively; P = .002). There was no difference in other secondary outcomes.

Conclusions. 'The majority of patients with obesity or HF received a longer antibiotic course for SSTIs; however, a longer antibi-
otic course was not associated with lower treatment failure rates. Higher failure rates in the long-duration group may be reflective of

clinical decisions made in the face of diagnostic uncertainty and warrant further evaluation.
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Skin and soft tissue infections (SSTIs) are among the
most common infections in hospitalized patients, with
an estimated annual hospitalization rate of 156.2 per
100 000 persons in the United States, with cellulitis or
abscesses accounting for 10% of all infectious disease-re-
lated hospitalizations [1]. SSTI treatment failure or recur-
rence rates range from 10% to 20%, with identified risk
factors for treatment failure including obesity, lymphedema,
heart failure (HF), and history of cancer [2-5]. Treatment
failures often lead to subsequent courses of broad-spectrum
antibiotics, readmission, and the perceived need for longer
durations of therapy to prevent recurrence [6, 7].

Infectious Diseases Society of America (IDSA) guidelines
recommend a 5-day antibiotic course for cellulitis and
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erysipelas but mention that treatment should be extended if
symptoms have not improved [8]. Limited data exist regarding
the optimal length of treatment for SSTI. The most commonly
recommended and studied lengths of treatment range from 5 to
10 days [8-12]. Two randomized controlled trials compared 5-
to 6-day antibiotic courses with 10 days for uncomplicated cel-
lulitis in varying patient populations and found no difference in
outcomes [12, 13]. Despite these recommendations, providers
commonly prescribe longer antibiotic courses for SSTIs [14-
17], with nearly a third of patients treated longer than 14 days
[14]. Whether longer antibiotic durations for SSTI prevent
treatment failure in patients with obesity or HF is unknown.
With rising rates of antibiotic-resistant organisms, there is
an urgent need to understand the shortest effective duration
of antibiotic therapy for all infections in order to avoid unnec-
essary antibiotic exposure. Prolonged durations of antibiotic
therapy are associated with increasing rates of adverse drug
events and antibiotic resistance [18]. Providers and antibiotic
stewards need further tools to inform antibiotic prescribing
recommendations and encourage prescribing of an optimal
treatment duration that balances clinical outcomes with adverse
drug events. Our primary objective was to determine whether a
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short duration of antibiotic therapy (<8 days) as compared with
a long duration (>8 days) was associated with an increased rate
of SSTT treatment failure in patients with obesity and/or HE We
also aimed to evaluate practice patterns for SSTIs in patients
with obesity and/or HE

METHODS

Study Setting and Participants

We performed a retrospective cohort study of all adult
inpatients at the Salt Lake City Veterans Affairs (VA) Medical
Center with SSTI and obesity and/or HF between January 2006
and December 2016 to assess the impact of treatment duration
on treatment response. The Salt Lake City VA Medical Center is
a 122-bed hospital with 5000 discharges per year that serves vet-
erans throughout the Intermountain West. Inpatients over the
age of 18 were identified retrospectively based on International
Classification of Diseases, 9th and 10th revision (ICD-9/10),
codes for SSTI present on admission. Patients were further in-
cluded if they had a history of obesity and/or HF and received
at least 1 empiric SSTI targeted antibiotic within 48 hours of
admission and for a minimum of 5 days. Patients were excluded
if (1) the SSTI was complicated by deep underlying tissue in-
fection (eg, osteomyelitis, septic arthritis, fasciitis), infected
wounds, and/or bacteremia; (2) they had previous treatment
for an SSTI in the 30 days before admission; (3) they had in-
fection localized to the head and neck area, rectum, perineum,
or genitals; (4) they were immunosuppressed; (5) they were
transferred to or from another facility where hospitalization
occurred; (6) they received antibiotics for a non-SSTT indica-
tion; or (7) they died within 5 days of admission.

Data Collection and Definitions

After initial derivation of the cohort based on SSTI-related
coding present on admission, further inclusion and exclusion
criteria were applied based on ICD-9/10 coding and manual
review of the electronic medical record. Further demographic,
comorbid medical, severity of illness, microbiological, treat-
ment, and outcomes data were retrieved by manual review and
entered into a secure REDCap database. History of HF was de-
fined as HF-related ICD-9/10 codes within 2 years before the
date of admission. Obesity was defined as a body mass index
(BMI) 230 on admission. The Charlson comorbidity index
was used to assess chronic comorbidities. Immunosuppression
was defined as a concurrent coded diagnosis of neutropenia,
absolute neutrophil count (ANC) <500 cells/mm? during
index hospitalization, hematopoietic stem cell transplant or
solid organ transplantation at any time before the hospital
visit, receipt of antirejection, biologic, or disease-modifying
antirheumatic drugs (DMARD:s) in the previous 3 months, sys-
temic chemotherapy in the previous 6 weeks or use of systemic
corticosteroids >20 mg prednisone equivalents for >2 of the 4

previous weeks. SSTI targeted antibiotics were adapted from
IDSA guidelines and local susceptibilities and defined as any an-
tibiotic with activity against Streptococci and/or Staphylococcus
aureus, including methicillin-resistant S. aureus (MRSA) [8].
Cutaneous cultures were defined as cultures for the current en-
counter collected from abscess, tissue, or wound swab. History
of SSTT was defined as a prior episode per the provider’s admis-
sion note or problem list, excluding patients with SSTI in the
last 30 days. SSTIs were classified as purulent or nonpurulent
based on an evaluation of the provider’s assessment, differential
diagnosis, and physical exam of the affected site using a pre-
defined list of terms consistent with purulent infection. Lower
extremity edema was defined as evidence for the current ep-
isode documented in the provider’s admission note. Need for
intensive care unit (ICU)-level care, leukocytosis, presence of
fever, vasopressors, and mechanical ventilation within 48 hours
of admission were collected to assess for severity of illness.

The primary exposure was duration of antibiotic therapy, de-
fined as short duration (<8 days) and long duration (>8 days).
A cutoff of <8 days for short duration was chosen based on ex-
isting literature, observed durations of therapy, and rounding
errors that commonly occur at the time of discharge. Antibiotic
duration included antibiotics during inpatient admission and
those continued after hospital discharge prescribed for SSTI.
Anti-MRSA active antibiotic agents included trimethoprim-
sulfamethoxazole, trimethoprim, ceftaroline, vancomycin,
linezolid, daptomycin, clindamycin, doxycycline, tetracy-
cline, minocycline, telavancin, dalbavancin, or oritavancin
administered for >48 hours. The primary outcome was treat-
ment failure for SSTI, defined as any of the following in the
30 days after discharge: (1) extending therapy beyond the
originally planned treatment course as determined at the time
of hospital discharge, (2) changing or adding antimicrobials
after hospital discharge, (3) reinitiating antimicrobials after
completion of the originally planned treatment course, or (4)
incision and drainage after the end of the original planned
antibiotic course. Secondary outcomes included length of
hospital stay, 30-day readmission, 30-day SSTI-related re-
admission, and Clostridium difficile infection (CDI) within

60 days of admission.

Data Analysis

The 2 treatment groups were compared based on duration of
antibiotic treatment. Propensity score matching was used to
reduce the impact of confounding by indication as patients
prescribed long antibiotic durations may differ on baseline char-
acteristics in comparison with those prescribed short durations.
Propensity scores were calculated using a multivariable regres-
sion model in which the dependent variable was antibiotic du-
ration. Covariates included in the model generating propensity
scores included age, history of SSTI, obesity, lower extremity
edema, and Charlson comorbidity index. Assessments were
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made for multicollinearity and goodness of fit. Using a 0.2 cal-
iper width, 1:2 nearest neighbor matching without replacement
was performed [19]. Additionally, as a sensitivity analysis, a pro-
pensity score-weighted logistic regression was performed for
the full cohort, evaluating heart failure, obesity, and treatment
duration as predictors of treatment failure. The x* and Fisher
exact tests were used to compare baseline categorical variables
as appropriate between matched pairs. The Wilcoxon rank-sum
test was used to compare baseline continuous variables. For all
statistical tests, 2-sided P values of <.05 were considered statisti-
cally significant. All statistical analyses were performed using R,
version 3.5.0 (R Foundation for Statistical Computing, Vienna,
Austria). The University of Utah Institutional Review Board
and the Salt Lake City VA Office of Research and Development
approved this study.

RESULTS

We identified 819 unique patients, of whom 207 met inclu-
sion criteria (Figure 1). The most common reasons for exclu-
sion were SSTIs involving wounds (39.7%), antibiotics in the
previous 30 days (17.3%), and deep tissue infection (16.8%).
The majority of patients were male (203/207, 98%) (Table 1).
Eighty-six percent (178/207) of patients were obese, and 30%
(62/207) had HE. Nearly half (97/207, 46.9%) of patients had
lower extremity edema, and 32.9% (68/207) of patients were di-
abetic. Forty-nine patients (23.7%) received a short antibiotic
duration and 158 (76.3%) a long duration. The median duration
of therapy (interquartile range [IQR]) was 7 (7-8) days in the
short-duration group and 14 (10-15) days in the long-duration
group (P < .001). Patients receiving a long duration were more

l 819 identified l

612 excluded
243 infection involving wounds
106 antibiotics 30 days prior
103 deep infection
66 no diagnosis of SSTT on admission

152 other
207 included
A
s - — - ;

49 (23.7%) patients 158 (76.3%) patients
received short treatment received long treatment
duration duration
Y <8 days ) U >8 days )
l 1:2 propensity score matching 1
4 ) ( N\
49 patients received 98 patients received
short treatment duration long treatment duration
<8 days >8 days
. J . J

Figure 1. Study flowchart. Abbreviation: SSTI, skin and soft tissue infection.

likely to have a history of SSTT (22.8% vs 10.2%; P = .08) and
receive MRSA active antibiotics for >48 hours (68.4% vs 36.7%;
P < .001). There was a nonsignificantly higher rate of obesity
(88.0% vs 79.6%; P = .21), lower extremity edema (49.4% vs
38.8%; P = .26), and a white blood cell count >12000 cells/mm?
on admission (46.2% vs 34.7%; P = .21) in patients receiving
a long duration as compared with a short duration. Twenty-
four percent of patients overall (50/207) had a purulent infec-
tion with a similar distribution in the short- and long-duration
groups (26.5% vs 23.4%, respectively; P = .80). There was no
difference in proportion of patients colonized with MRSA be-
tween the short- and long-duration groups (12.2% vs 16.5%;
P = .65) (Table 2). Additionally, there was no difference in ac-
quisition of cutaneous cultures (14.3% vs 22.2%; P = .57) or
growth of MRSA (4.1% vs 6.3%; P = .56) comparing the short-
vs long-duration groups.

Outcomes

Opverall treatment failure occurred in 21.7% (45/207) of patients
(Table 3). After propensity score matching, there were 49
patients in the short-duration group matched to 98 patients
in the long-duration group. In the propensity score-matched
cohort, there were 28 (28.6%) treatment failures in the long-
duration group, as compared with 5 (10.2%) in the short-
duration group (P = .02). In a sensitivity analysis among the
full cohort using a propensity score-weighted regression, short
treatment duration remained significantly associated with
reduced treatment failure (adjusted odds ratio, 0.36; 95% con-
fidence interval, 0.13 to 0.99), whereas heart failure and obesity
were not associated with treatment failure. When evaluating
secondary outcomes in the propensity score-matched cohort,
patients in the short-duration group had a reduced median
length of stay (IQR) as compared with the long-duration group
(2 [2-3] vs 3 [3-5] days, respectively; P < .001). There was a
nonsignificantly higher readmission rate in the long-duration
group as compared with the short-duration group (16.3% vs
8.2%, respectively; P = .27). There was no difference in CDI
rates (4.1% [2/49] vs 0%, short vs long, respectively; P = .21).

DISCUSSION

Although obesity and HF have been identified as risk factors
for SSTT treatment failure, the optimal duration of therapy that
balances clinical outcomes with risk of antibiotic-associated ad-
verse events is unknown [5]. IDSA guidelines make a strong
recommendation for 5 days of antibiotic therapy for uncom-
plicated cellulitis; however, guidelines also state that treatment
should be extended if the infection has not improved within
this time period [8]. Unfortunately, no definition of clinical
improvement is provided, and retrospective evaluations show
that treatment durations of 14 days are commonly prescribed
[17]. The US Food and Drug Administration (FDA) now
recommends a primary efficacy end point of clinical response
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at 48-72 hours for clinical trials for SSTIs [20]. Although the
clinical importance of this definition has been questioned, re-
cent trials evaluating new antibiotics at varying durations for
SSTIs have shown no difference in secondary outcomes in-
cluding clinical treatment success 1-2 weeks after the end of
treatment even in patients without early response [10, 21, 22].
Our goal was to evaluate treatment patterns for SSTI in patients
with obesity and/or HF and whether antibiotic duration is as-
sociated with treatment failure in this population. Our findings
indicate that patients with obesity and/or HF commonly receive
but do not benefit from longer antibiotic treatment durations
for SSTIs. We evaluated propensity-matched pairs and found
a higher treatment failure rate and longer length of stay in the
group treated with a longer antibiotic duration, with no dif-
ference in CDI or readmission rates. Our observations may
benefit stewardship efforts aimed at minimizing unnecessary
durations of therapy, but perhaps more importantly, they en-
gender questions regarding definitions of SSTT treatment failure
for future studies.

Although those prescribed longer durations were more likely
to experience treatment failure, we do not believe this was as a
direct result of their antibiotic treatment course. We hypoth-
esize that the higher rate of treatment failure was related to
the following 3 factors: (1) patients in the long group having a
higher rate of conditions associated with failure and recurrence,
(2) misinterpretation of expected response to antibiotic treat-
ment, and (3) misdiagnosis.

Patients in the long-course group had a higher rate of
conditions known to predispose to SSTIs and treatment failure,
such as a history of SSTI, lower extremity edema, and obesity. It
is possible that these patients simply experienced higher rates of
recurrence given known risk factors for SSTTs.

Alternatively, uncertainty about the expected response may
have contributed to higher failure rates in patients who re-
ceived a long duration. Prospective studies evaluating treat-
ment responses in cellulitis suggest that at day 3 of treatment,
17% of patients still have a fever, 23% have persistent leukocy-
tosis, and 4% still have lesion spread [23, 24]. Additionally, in 1
study, >50% of patients had residual inflammation at the end of
treatment [23], and the time required for resolution of redness
and swelling was reported to exceed 10 days [25]. Interestingly,
higher BMI and cardiovascular disease were predictors of
nonresponse at day 3 [23]. No difference in treatment success
rates has been seen in the subset of patients with nonresponse in
the first 48-72 hours in randomized controlled trials comparing
short (6 days) vs long (10 days) antibiotic durations for SSTIs
[21]. We did not evaluate time to follow-up, but it is possible that
patients in the long-duration group were evaluated for resolu-
tion sooner than patients in the short-duration group or, more
likely, had delayed resolution beyond the expected course given
higher rates of obesity and lower extremity edema, resulting in
perceived treatment failure and retreatment.

Moreover, there is often diagnostic ambiguity in patients
with presumed cellulitis and clinical mimickers such as lower
extremity edema, leading to a misdiagnosis rate of 30% to 90%
[26-28]. It is possible that treatment failure based on our defi-
nition was reflective of these diagnostic inaccuracies in a pop-
ulation with cellulitis clinical mimickers (eg, lower extremity
edema) and other dermatoses misdiagnosed as SSTI, poten-
tially explaining the higher failure rate with longer antibiotic
duration.

Our study has several limitations. First, given the retro-
spective observational study design, it is possible that there
are confounding factors associated with treatment decisions
and clinical outcomes we did not include. We tried to account
for this by use of propensity score matching to isolate the ef-
fect of treatment duration. Second, this is a single-center study
involving a predominantly male VA cohort and may not be
generalizable to other settings. Arguing against this are data
from other VA and non-VA settings reflecting similar treat-
ment patterns for SSTI and clinical failure rates [5, 14]. Given
our reliance on ICD-9/10 coding for the diagnosis of HE, we
were unable to collect information retrospectively on HF se-
verity. It is possible that there were more patients in the long-
duration group with more severe heart failure (eg, New York
Heart Association functional classification class III/IV), placing
them at higher risk of relapse. Additionally, given the retrospec-
tive nature of our study, we were unable to collect physical exam
data on cellulitis severity aside from fever and leukocytosis. To
our knowledge, there is no validated severity measure for SSTTs;
however, it is possible that there were more patients in the long-
duration group with more severe disease, leading to higher re-
lapse rates. Even if these imbalances in severity of disease exist,
our data suggest that longer durations do not prevent treat-
ment failures. Additionally, we excluded a significant number
of patients with complicated infections to arrive at the final
cohort, which may limit the impact of our findings. However,
estimates of annual hospitalizations for SSTI derive from pa-
tient populations similar to our cohort, suggesting potential for
far-reaching implications should our findings lead to shorter
durations of antibiotic therapy. Our definition of clinical failure
involved observed clinical decisions to extend or change antibi-
otic therapy and did not involve any standardized confirmation
of infection, as this was not possible retrospectively. Although
it is likely that our definition of clinical failure included patients
who did not have ongoing or recurrent infection but rather
lower extremity edema or other noninfectious dermatoses, the
definition used is consistent with other retrospective studies
evaluating management of SSTIs [14] and reflects real-world
diagnosis and treatment patterns for possible SSTIs. Lastly, we
did not collect information on antibiotic-associated adverse
events other than CDI, and a thorough evaluation of addi-
tional impacts of prolonged antibiotic courses could serve to
strengthen our argument in support of shorter courses.
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Despite these limitations, our study suggests that there is no
benefit to longer antibiotic durations for SSTIs in patients with
obesity or HE Furthermore, longer antibiotic durations were as-
sociated with increased treatment failure, which may highlight
patients who could benefit from more in-depth diagnostic eval-
uation. Our findings not only have implications for individual
patient care and health care utilization, but also importantly
may inform much needed stewardship interventions aimed at
minimizing unnecessary antibiotic durations of therapy and
their untoward effects. Moreover, prospective studies evaluating
duration of therapy for patients at high risk of SSTI relapse or
recurrence are needed that utilize standard objective measures
of treatment failure rather than rely on individual provider
treatment decisions.
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