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OBJECTIVE: Inappropriate empiric therapy worsens outcomes in certain healthcare-associated infections (HCAI). We studied

the association of inappropriate empiric therapy with outcomes in patients with HCA complicated skin and skin structure

infections (cSSSI).

DESIGN: A single-center retrospective cohort study.

PATIENTS: Hospitalized with a culture-positive cSSSI.

MEASUREMENTS: We defined HCA-cSSSI as having �1 of these risk factors: (1) recent hospitalization, (2) recent antibiotics,

(3) hemodialysis, (4) transfer from a nursing home, and inappropriate treatment as no antimicrobial therapy active against

the pathogen(s) within 24 hours of obtaining culture specimen. We performed descriptive and multivariate statistics to

compute the impact of inappropriate empiric therapy on outcomes. Hospital length of stay (LOS) served as primary and

mortality as secondary outcomes.

RESULTS: Of the 717 patients with culture-positive cSSSI, 527 (73.5%) had HCAI, of whom 405 (76.9%) received appropriate

treatment. A higher proportion of those receiving inappropriate than appropriate treatment had a decubitus ulcer (29.5% vs.

10.9%, P < 0.001), a device-associated infection (42.6% vs. 28.6%, P ¼ 0.004), or bacteremia (68.9% vs. 57.8%, P ¼ 0.028). The

frequency of methicillin-resistant Staphylococcus aureus (MRSA) did not differ between the groups. The low overall

unadjusted mortality rate did not vary based on initial treatment. In a multivariable analysis adjusting for potential

confounders inappropriate therapy had an attributable increase in hospital LOS of 1.8 days (95% CI, 1.4–2.3).

CONCLUSION: Similar to other populations with HCAI, HCA-cSSSI patients are likely to receive inappropriate empiric therapy

for their infection. This early exposure is associated with a significant prolongation of the hospitalization by nearly 2 days.
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Classically, infections have been categorized as either com-

munity-acquired (CAI) or nosocomial in origin. Until

recently, this scheme was thought adequate to capture the

differences in the microbiology and outcomes in the corre-

sponding scenarios. However, recent evidence suggests that

this distinction may no longer be valid. For example, with

the spread and diffusion of healthcare delivery beyond the

confines of the hospital along with the increasing use of

broad spectrum antibiotics both in and out of the hospital,

pathogens such as methicillin-resistant Staphylococcus aur-

eus (MRSA) and Pseudomonas aeruginosa (PA), traditionally

thought to be confined to the hospital, are now seen in

patients presenting from the community to the emergency

department (ED).1,2 Reflecting this shift in epidemiology,

some national guidelines now recognize healthcare-associ-

ated infection (HCAI) as a distinct entity.3 The concept of
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HCAI allows the clinician to identify patients who, despite

suffering a community onset infection, still may be at risk

for a resistant bacterial pathogen. Recent studies in both

bloodstream infection and pneumonia have clearly demon-

strated that those with HCAI have distinct microbiology and

outcomes relative to those with pure CAI.4–7

Most work focusing on establishing HCAI has not

addressed skin and soft tissue infections. These infections,

although not often fatal, account for an increasing number

of admissions to the hospital.8,9 In addition, they may be

associated with substantial morbidity and cost.8 Given that

many pathogens such as S. aureus, which may be resistant

to typical antimicrobials used in the ED, are also major cul-

prits in complicated skin and skin structure infections

(cSSSI), the HCAI paradigm may apply in cSSSI. Further-

more, because of these patterns of increased resistance,

HCA-cSSSI patients, similar to other HCAI groups, may be

at an increased risk of being treated with initially inappro-

priate antibiotic therapy.7,10

Since in the setting of other types of infection inappro-

priate empiric treatment has been shown to be associated

with increased mortality and costs,7,10–15 and since indirect

evidence suggests a similar impact on healthcare utilization

among cSSSI patients,8 we hypothesized that among a

cohort of patients hospitalized with a cSSSI, the initial

empiric choice of therapy is independently associated with

hospital length of stay (LOS). We performed a retrospective

cohort study to address this question.

Methods
Study Design
We performed a single-center retrospective cohort study of

patients with cSSSI admitted to the hospital through the ED. All

consecutive patients hospitalized between April 2006 and De-

cember 2007 meeting predefined inclusion criteria (see below)

were enrolled. The study was approved by the Washington Uni-

versity School of Medicine Human Studies Committee, and

informed consent was waived. We have previously reported on

the characteristics and outcomes of this cohort, including both

community-acquired and HCA-cSSSI patients.16

Study Cohort
All consecutive patients admitted from the community

through the ED between April 2006 and December 2007 at

the Barnes-Jewish Hospital, a 1200-bed university-affiliated,

urban teaching hospital in St. Louis, MO were included if:

(1) they had a diagnosis of a predefined cSSSI (see Appendix

Table A1, based on reference 8) and (2) they had a positive

microbiology culture obtained within 24 hours of hospital

admission. Similar to the work by Edelsberg et al.8 we

excluded patients if certain diagnoses and procedures were

present (Appendix Table A2). Cases were also excluded if

they represented a readmission for the same diagnosis

within 30 days of the original hospitalization.

Definitions
HCAI was defined as any cSSSI in a patient with a history of

recent hospitalization (within the previous year, consistent

with the previous study16), receiving antibiotics prior to

admission (previous 90 days), transferring from a nursing

home, or needing chronic dialysis. We defined a polymicro-

bial infection as one with more than one organism, and

mixed infection as an infection with both a gram-positive

and a gram-negative organism. Inappropriate empiric ther-

apy took place if a patient did not receive treatment within

24 hours of the time the culture was obtained with an agent

exhibiting in vitro activity against the isolated pathogen(s).

In mixed infections, appropriate therapy was treatment

within 24 hours of culture being obtained with agent(s)

active against all pathogens recovered.

Data Elements
We collected information about multiple baseline demo-

graphic and clinical factors including: age, gender, race/eth-

nicity, comorbidities, the presence of risk factors for HCAI,

the presence of bacteremia at admission, and the location

of admission (ward vs. intensive care unit [ICU]). Bacteriol-

ogy data included information on specific bacterium/a

recovered from culture, the site of the culture (eg, tissue,

blood), susceptibility patterns, and whether the infection

was monomicrobial, polymicrobial, or mixed. When blood

culture was available and positive, we prioritized this over

wound and other cultures and designated the corresponding

organism as the culprit in the index infection. Cultures

growing our coagulase-negative S. aureus were excluded as

a probable contaminant. Treatment data included informa-

tion on the choice of the antimicrobial therapy and the tim-

ing of its institution relative to the timing of obtaining the

culture specimen. The presence of such procedures as inci-

sion and drainage (I&D) or debridement was recorded.

Statistical Analyses
Descriptive statistics comparing HCAI patients treated

appropriately to those receiving inappropriate empiric cover-

age based on their clinical, demographic, microbiologic and

treatment characteristics were computed. Hospital LOS

served as the primary and hospital mortality as the secondary

outcomes, comparing patients with HCAI treated appropri-

ately to those treated inappropriately. All continuous varia-

bles were compared using Student’s t test or the Mann-Whit-

ney U test as appropriate. All categorical variables were

compared using the chi-square test or Fisher’s exact test. To

assess the attributable impact of inappropriate therapy in

HCAI on the outcomes of interest, general linear models with

log transformation were developed to model hospital LOS pa-

rameters; all means are presented as geometric means. All

potential risk factors significant at the 0.1 level in univariate

analyses were entered into the model. All calculations were

performed in Stata version 9 (Statacorp, College Station, TX).
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Results
Of the 717 patients with culture-positive cSSSI admitted

during the study period, 527 (73.5%) were classified as

HCAI. The most common reason for classification as an

HCAI was recent hospitalization. Among those with an

HCA-cSSSI, 405 (76.9%) received appropriate empiric treat-

ment, with nearly one-quarter receiving inappropriate initial

coverage. Those receiving inappropriate antibiotic were

more likely to be African American, and had a higher likeli-

hood of having end-stage renal disease (ESRD) than those

with appropriate coverage (Table 1). While those patients

treated appropriately had higher rates of both cellulitis and

abscess as the presenting infection, a substantially higher

proportion of those receiving inappropriate initial treatment

had a decubitus ulcer (29.5% vs. 10.9%, P <0.001), a device-

associated infection (42.6% vs. 28.6%, P ¼ 0.004), and had

evidence of bacteremia (68.9% vs. 57.8%, P ¼ 0.028) than

those receiving appropriate empiric coverage (Table 2).

The pathogens recovered from the appropriately and

inappropriately treated groups are listed in Figure 1. While

S. aureus overall was more common among those treated

appropriately, the frequency of MRSA did not differ between

the groups. Both E. faecalis and E. faecium were recovered

more frequently in the inappropriate group, resulting in a

similar pattern among the vancomycin-resistant enterococ-

cal species. Likewise, P. aeruginosa, P. mirabilis, and A. bau-

mannii were all more frequently seen in the group treated

inappropriately than in the group getting appropriate

empiric coverage. A mixed infection was also more likely to

be present among those not exposed (16.5%) than among

TABLE 1. Baseline Characteristic of Patients With HCAI
by Appropriate Therapy

Inappropriate
(n ¼ 122), n (%)

Appropriate
(n ¼ 405), n (%) P Value

Age, years 56.3 6 18.0 53.6 6 16.7 0.147

Gender (F) 62 (50.8) 190 (46.9) 0.449

Race

Caucasian 51 (41.8) 219 (54.1) 0.048

African American 68 (55.7) 178 (43.9)

Other 3 (2.5) 8 (2.0)

HCAI risk factors

Recent hospitalization* 110 (90.2) 373 (92.1) 0.498

Within 90 days 98 (80.3) 274 (67.7) 0.007

>90 and �180 days 52 (42.6) 170 (42.0) 0.899

>180 days and �1 year 46 (37.7) 164 (40.5) 0.581

Prior antibiotics 26 (21.3) 90 (22.2) 0.831

Nursing home resident 29 (23.8) 54 (13.3) 0.006

Hemodialysis 19 (15.6) 39 (9.7) 0.067

Comorbidities

DM 40 (37.8) 128 (31.6) 0.806

PVD 5 (4.1) 15 (3.7) 0.841

Liver disease 6 (4.9) 33 (8.2) 0.232

Cancer 21 (17.2) 85 (21.0) 0.362

HIV 1 (0.8) 12 (3.0) 0.316

Organ transplant 2 (1.6) 8 (2.0) 1.000

Autoimmune disease 5 (4.1) 8 (2.0) 0.185

ESRD 22 (18.0) 46 (11.4) 0.054

NOTE: P values derived using Student’s t-test for continuous variables, chi square test for categorical

variables with 5 or more values per cell and Fisher’s exact test for categorical variables with <5 values

per cell.

Abbreviations: DM, diabetes mellitus; ESRD, end-stage renal disease; F, female, HCAI, healthcare-

associated infection; HIV, human immunodeficiency virus; PVD, peripheral vascular disease.

* Strata of recent hospitalization add up to more than the total recent hospitalization due to

readmissions.

TABLE 2. Type of Infection

Inappropriate
(n ¼ 122), n (%)

Appropriate
(n ¼ 405), n (%) P Value

Cellulitis 28 (23.0) 171 (42.2) <0.001

Decubitus ulcer 36 (29.5) 44 (10.9) <0.001

Post-op wound 25 (20.5) 75 (18.5) 0.626

Device-associated infection 52 (42.6) 116 (28.6) 0.004

Diabetic foot ulcer 9 (7.4) 24 (5.9) 0.562

Abscess 22 (18.0) 108 (26.7) 0.052

Other* 2 (1.6) 17 (4.2) 0.269

Presence of bacteremia 84 (68.9) 234 (57.8) 0.028

NOTE: Numbers add up to more than 100% due to overlap in diagnoses. P values derived using chi

square test or the Fisher’s exact test.

*Other infection types: Skin and subcutaneous structures, n ¼ 2.

FIGURE 1. Pathogen distribution. *P < 0.05 for the difference
in proportions between the inappropriate and appropriate
groups. P values derived using chi-square test or Fisher’s
exact test. MRSA, methicillin-resistant Staphylococcus aureus;
VRE, vancomycin-resistant Enterococcus. yOther: Morganella
morganii, n ¼ 5; Serratia marcescens, n ¼ 8;
Stenotrophomonas maltophilia, n ¼ 5; Streptococcus
pyogenes, n ¼ 4; Streptococcus pneumoniae, n ¼ 3. ¶Includes
both a gram-positive and a gram-negative organism.
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those exposed (7.5%) to appropriate early therapy (P ¼
0.001) (Figure 1).

In terms of processes of care and outcomes (Table 3),

commensurate with the higher prevalence of abscess in the

appropriately treated group, the rate of I&D was signifi-

cantly higher in this cohort (36.8%) than in the inappropri-

ately treated (23.0%) group (P ¼ 0.005). Need for initial ICU

care did not differ as a function of appropriateness of ther-

apy (P ¼ 0.635).

The unadjusted mortality rate was low overall and did

not vary based on initial treatment (Table 3). In a general-

ized linear model with the log-transformed LOS as the de-

pendent variable, adjusting for multiple potential confound-

ers, initial inappropriate antibiotic therapy had an

attributable incremental increase in the hospital LOS of 1.8

days (95% CI, 1.4–2.3) (Table 4).

Because bacteremia is known to be an effect modifier of

the relationship between the empiric choice of antibiotic

and infection outcomes, we further explored its role in the

HCAI cSSSI on the outcomes of interest (Table 5). Similar to

the effect detected in the overall cohort, treatment with

inappropriate therapy was associated with an increase in

the hospital LOS, but not hospital mortality in those with

bacteremia, though this phenomenon was observed only

among patients with secondary bacteremia, and not among

those without (Table 5).

Discussion
This retrospective analysis provides evidence that inappro-

priate empiric antibiotic therapy for HCA-cSSSI independ-

ently prolongs hospital LOS. The impact of inappropriate

initial treatment on LOS is independent of many impor-

tant confounders. In addition, we observed that this

effect, while present among patients with secondary bac-

teremia, is absent among those without a blood stream

infection.

To the best of our knowledge, ours is the first cohort

study to examine the outcomes associated with inappro-

priate treatment of a HCAI cSSSI within the context of

available microbiology data. Edelsberg et al.8 examined

clinical and economic outcomes associated with the failure

of the initial treatment of cSSSI. While not specifically fo-

cusing on HCAI patients, these authors noted an overall

23% initial therapy failure rate. Among those patients who

failed initial therapy, the risk of hospital death was nearly

3-fold higher (adjusted odds ratio [OR], 2.91; 95% CI, 2.34–

3.62), and they incurred the mean of 5.4 additional

TABLE 3. Procedures and Unadjusted Outcomes

Inappropriate
(n ¼ 122)

Appropriate
(n ¼ 405) P Value

I&D/debridement 28 (23.0%) 149 (36.8%) 0.005

I&D in ED 0 7 (1.7) 0.361

ICU 9 (7.4%) 25 (6.2%) 0.635

Hospital LOS, days

Median (IQR 25, 75)

[Range]

7.0 (4.2, 13.6)

[0.6–86.6]

6 (3.3, 10.1)

[0.7–48.3]

0.026

Hospital mortality 9 (7.4%) 26 (6.4%) 0.710

NOTE: P values derived using Student’s t-test or the Mann-Whitney U test for continuous variables;

and the chi-square test or Fisher’s exact test for categorical variables.

Abbreviations: ED, emergency department, I&D, incision and drainage, ICU, intensive care unit, IQR,

interquartile range, LOS, length of stay.

TABLE 4. Adjusted Attributable Hospital Length of Stay
Among Patients with HCAI

Factor Attributable LOS (days) 95% CI P Value

Infection type: device 3.6 2.7–4.8 <0.001

Infection type: decubitus ulcer 3.3 2.6–4.2 <0.001

Infection type: abscess 2.5 1.6–4.0 <0.001

Organism: P. mirabilis 2.2 1.4–3.4 <0.001

Organism: E. faecalis 2.1 1.7–2.6 <0.001

Nursing home resident 2.1 1.6–2.6 <0.001

Inappropriate antibiotic 1.8 1.4–2.3 <0.001

Race: Non-Caucasian 0.31 0.24–0.41 <0.001

Organism: E. faecium 0.23 0.15–0.35 <0.001

NOTE: General linear model using log-transformed hospital LOS as the dependent variable. Terms

entered, but not retained in the model at the P value < 0.05 were: ESRD, bacteremia, cellulitis, S. aur-

eus, MRSA, P. aeruginosa, Acinitobacter baumannii, mixed (GP þ GN) infection, polymicrobial infection,

died in hospital, and the interaction term (inappropriate antibiotic � ESRD, nursing home resident �
decubitus ulcer).

Abbreviations: CI, confidence interval; ESRD, end-stage renal disease; LOS, length of stay; MRSA,

methicillin-resistant Staphylococcus aureus.

TABLE 5. Stratified Analysis Based on the Presence of Bacteremia Among HCAI Patients

Bacteremia Present (n ¼ 318) Bacteremia Absent (n ¼ 209)

I (n ¼ 84) A (n ¼ 234) P Value I (n ¼ 38) A (n ¼ 171) P Value

Hospital LOS, days

Mean 6 SD 14.4 6 27.5 9.8 6 9.7 0.041 6.6 6 6.8 6.9 6 8.2 0.761

Median (IQR 25, 75) 8.8 (5.4, 13.9) 7.0 (4.3, 11.7) 4.4 (2.4, 7.7) 3.9 (2.0, 8.2)

Hospital mortality 8 (9.5%) 24 (10.3%) 0.848 1 (2.6%) 2 (1.2%) 0.454

NOTE: P values derived using Student’s t-test or the Mann-Whitney U test for continuous variables; and the chi square test or Fisher’s exact test for categorical variables.

Abbreviations: A, appropriate; HCAI, healthcare-associated infection; I, inappropriate; IQR, interquartile range; LOS, length of stay; SD, standard deviation.
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hospital days, compared to patients treated successfully

with the initial regimen.8 Our study confirms Edelsberg

et al.’s8 observation of prolonged hospital LOS in associa-

tion with treatment failure, and builds upon it by defining

the actual LOS increment attributable to inappropriate

empiric therapy. It is worth noting that the study by Edels-

berg et al.,8 however, lacked explicit definition of the HCAI

population and microbiology data, and used treatment fail-

ure as a surrogate marker for inappropriate treatment. It is

likely these differences between our two studies in the

underlying population and exposure definitions that

account for the differences in the mortality data between

that study and ours.

It is not fundamentally surprising that early exposure to

inappropriate empiric therapy alters healthcare resource

utilization outcomes for the worse. Others have demon-

strated that infection with a resistant organism results in

prolongation of hospital LOS and costs. For example, in a

large cohort of over 600 surgical hospitalizations requiring

treatment for a gram-negative infection, antibiotic resist-

ance was an independent predictor of increased LOS and

costs.15 These authors quantified the incremental burden

of early gram-negative resistance at over $11,000 in hospi-

tal costs.15 Unfortunately, the treatment differences for re-

sistant and sensitive organisms were not examined.15 Simi-

larly, Shorr et al. examined risk factors for prolonged

hospital LOS and increased costs in a cohort of 291

patients with MRSA sterile site infection.17 Because in this

study 23% of the patients received inappropriate empiric

therapy, the authors were able to examine the impact of

this exposure on utilization outcomes.17 In an adjusted

analysis, inappropriate initial treatment was associated

with an incremental increase in the LOS of 2.5 days, corre-

sponding to the unadjusted cost differential of nearly

$6,000.17 Although focusing on a different population, our

results are consistent with these previous observations that

antibiotic resistance and early inappropriate therapy affect

hospital utilization parameters, in our case by adding

nearly 2 days to the hospital LOS.

Our study has a number of limitations. First, as a retro-

spective cohort study it is prone to various forms of bias,

most notably selection bias. To minimize the possibility of

such, we established a priori case definitions and enrolled

consecutive patients over a specific period of time. Second,

as in any observational study, confounding is an issue. We

dealt with this statistically by constructing a multivariable

regression model; however, the possibility of residual con-

founding remains. Third, because some of the wound and

ulcer cultures likely were obtained with a swab and thus

represented colonization, rather than infection, we may

have over-estimated the rate of inappropriate therapy, and

this needs to be followed up in future prospective studies.

Similarly, we may have over-estimated the likelihood of

inappropriate therapy among polymicrobial and mixed

infections as well, given that, for example, a gram-negative

organism may carry a different clinical significance when

cultured from blood (infection) than when it is detected in a

decubitus ulcer (potential colonization). Fourth, because we

limited our cohort to patients without deep-seated infec-

tions, such as necrotizing fasciitis, other procedures were

not collected. This omission may have led to either over-

estimation or under-estimation of the impact of inappropri-

ate therapy on the outcomes of interest.

The fact that our cohort represents a single large urban

academic tertiary care medical center may limit the general-

izability of our results only to centers that share similar

characteristics. Finally, similar to most other studies of this

type, ours lacks data on posthospitalization outcomes and

for this reason limits itself to hospital outcomes only.

In summary, we have shown that, similar to other pop-

ulations with HCAI, a substantial proportion (nearly 1/4)

of cSSSI patients with HCAI receive inappropriate empiric

therapy for their infection, and this early exposure, though

not affecting hospital mortality, is associated with a signifi-

cant prolongation of the hospitalization by as much as 2

days. Studies are needed to refine decision rules for risk-

stratifying patients with cSSSI HCAI in order to determine

the probability of infection with a resistant organism.

In turn, such instruments at the bedside may assure

improved utilization of appropriately targeted empiric

therapy that will both optimize individual patient out-

comes and reduce the risk of emergence of antimicrobial

resistance.
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TABLE A1. International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-CM) Codes for
Complicated Skin and Skin-Structure Infections

Principal diagnosis code Description

680 Carbuncle and furuncle

681 Cellulitis and abscess of finger and toe

682 Other cellulitis and abscess

683 Acute lymphadenitis

685 Pilonidal cyst with abscess

686 Other local infections of skin and subcutaneous tissue

707 Decubitus ulcer

707.1 Ulcers of lower limbs, except decubitus

707.8 Chronic ulcer of other specified sites

707.9 Chronic ulcer of unspecified site

958.3 Posttraumatic wound infection, not elsewhere classified

996.62 Infection due to other vascular device, implant, and graft

997.62 Infection (chronic) of amputation stump

998.5 Postoperative wound infection

Appendix
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TABLE A2. Cases to be excluded if they had the
following concurrent ICD-9-CM codes

Diagnosis code Description

728.86 Necrotizing fasciitis

785.4 Gangrene

686.09 Ecthyma gangrenosum

730.00–730.2 Osteomyelitis

630–677 Complications of pregnancy, childbirth and puerperium

288.0 Neutropenia

684 Impetigo

Procedure code

39.95 Plasmapheresis

99.71 Hemoperfusion
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