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Objectives: The majority of healthcare costs accrued managing cellulitis can be attributed to the small propor-
tion of patients treated with parenteral antibiotics. Hospital in the home (HITH) instead of or following initial
inpatient treatment is a safe and effective alternative, but there are few data evaluating its cost-effectiveness
for cellulitis.

Patients and methods: Our retrospective cohort study included all treatment episodes (by either HITH or an
inpatient service for .24 h) with an ICD-10 primary diagnosis code of lower-leg cellulitis at a tertiary-level health
service in Melbourne, Australia over 12 months (2012–13). Data included demography, social factors and ICD-10
codes mapped to major comorbidities constituting the Charlson comorbidity index (CCI). Differences in length of
stay (LOS) and individual clinical costing (ICC) between HITH- and non-HITH-treated patients were tested with
univariable and multivariable (generalized linear model) analyses.

Results: For 328 admissions in 294 patients, the average per-day costs were AU$431 for HITH and AU$761 for
inpatient care. For 124 patients (38%) treated in HITH, both LOS [mean (95% CI) 7.48 days (6.76–8.20 days)
versus 5.82 days (3.45–8.18 days)] and ICC [mean (95% CI) AU$5873 (AU$5212–AU$6534) versus AU$5196
(AU$4567– AU$5824)] were higher than those for patients with solely inpatient care. In multivariable analysis
controlling for age, comorbidity, carer support and language, HITH remained associated with significantly longer
LOS [1.63-fold (95% CI: 1.24- to 2.13-fold): P,0.001] and non-significantly with higher cost [1.14-fold (95% CI:
0.97- to 1.34-fold): P¼0.11].

Conclusions: Management of cellulitis represents a substantial cost burden for hospital services. Modest per-day
cost savings from HITH can be offset by much longer HITH LOS.

Introduction
Cellulitis is the commonest skin condition requiring hospitaliza-
tion.1 Although most cases can be treated orally, more severe
disease requires parenteral antibiotics. When parenteral
treatment is used, hospital length of stay (LOS) averages
�5–7 days.1,2 Given concerns regarding safety, availability and
costs of inpatient care, alternative strategies, including out-
patient parenteral antibiotic therapy (OPAT; where patients
attend a clinic for each dose) and hospital in the home (HITH;
antibiotics administered at home by visiting nurses)3 have
become increasingly popular for a wide range of conditions.2,4,5

However, costs will depend on the service model used, the con-
dition treated and a variety of health-system factors. Few studies
have quantified OPAT or HITH costs for parenteral antibiotic

treatment,2,3,6 and none we know of has evaluated HITH specif-
ically for cellulitis.

HITH is widely employed throughout Australia, especially for
managing cellulitis. Here, we compare HITH and ward-based
management with respect to overall health service utilization by
quantifying actual healthcare costs in a representative cohort
of cellulitis patients, in a manner that controls for potentially con-
founding variables.

Methods

Population
Western Health’s three hospital campuses provide tertiary-level services to a
population (�720000 in 2012–13) in Melbourne with demographic charac-
teristics similar to those of the broader Australian population.7
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Cellulitis management at Western Health
Most cases initially present to the emergency department and, if treated
parenterally, are subsequently managed by a general internal medical
unit. From 2011, an in-house management guideline stratifies patients
to oral, HITH or inpatient treatment consistent with the Australian
Therapeutic Guidelines:8 (i) if the patient is ‘systemically well, without
major comorbidities’ and with a ‘small (,10 cm diameter) area of
erythema’, outpatient oral therapy is recommended; (ii) if the patient is
‘systemically well, without major comorbidities’ and with a ‘large area of
erythema (.10 cm)’ or ‘failed oral therapy’, HITH treatment (with cefazo-
lin 2 g intravenously twice daily as first line) is recommended; and (iii) if the
patient is ‘systemically unwell, with active comorbidities or high-level
nursing needs’, inpatient care (flucloxacillin 2 g intravenously every 6 h
as first line) is recommended. This guideline is not, however, strictly
enforced and can be varied at the treating physician’s discretion. Neither
the Australian Therapeutic Guidelines8 nor our own management guide-
line makes specific recommendations regarding treatment duration.
Decisions regarding the switch from intravenous to oral delivery and dis-
charge from the ward or HITH are usually made by a registrar-level doctor
(3–4 years’ post-graduate clinical experience). However, for ward patients,
a consultant physician (conducting thrice-weekly ward rounds) is more
likely to be involved. Many patients are also transferred to HITH following
a period of inpatient care.

HITH service
Western Health has its own HITH service in-house (rather than by contract
to an external agency). Lower-limb cellulitis represents 12% of all patients
managed. Nurses travel by car to each patient’s home (up to twice a day),
and patients attend hospital reviews at the frequency specified by the
medical officer. Australian hospitals operate within activity-based funding
models and are remunerated based on individual patient case-mix data
that are applied equally, regardless of whether care is provided in the
ward or HITH.

Data source
A database of prospectively collected data records patient age, sex, mari-
tal/spousal status, language spoken at home and detailed ICD-10 coding
information, including a single assigned primary diagnosis and all
comorbidities ascribed to that patient during the admission. HITH and
inpatient LOS are recorded, and a clinical costing algorithm is applied to
derive an individual clinical costing (ICC).

Inclusion and exclusion criteria
Data were extracted on all 409 admission episodes with primary diagnosis
code L031 (lower-limb cellulitis) in the 2012–13 financial year. Analysis
was restricted to lower-limb disease for the following reasons: (i) this is
by far the most common site of cellulitis; and (ii) it represents a well-
defined and homogeneous group when compared with other sites. To
restrict our analysis to those receiving parenteral therapy, we further
excluded admission episodes with LOS ,24 h (n¼81), thereby excluding
short-stay presentations (assumed to have been discharged on oral
antibiotics). We anticipated that some patients could have multiple
admissions throughout a single year. However, because our objective
was to examine health-system factors as determinants of cost burden,
we reasoned that each individual treatment episode (rather than the
aggregate of treatment episodes in each patient) should be the quantum
of interest in our analysis. Therefore, multiple admissions for a single
patient were treated as separate episodes, with appropriate adjustments
to statistical methodology as detailed below.

Exposures of interest
The primary objective was to quantify HITH’s impact on overall health
service utilization and costs (therefore representing a health-economic
analysis from an ‘institutional’ perspective). Patients may move from
inpatient care to HITH (and vice versa) during a single admission; there-
fore, in order to specifically address the impact of HITH, we chose to divide
admission episodes into two groups: Group 1—those managed exclusively
as inpatients and Group 2— those with any or all of their care through HITH
(including patients transferred from inpatient to HITH care and vice versa).

Confounding variables
To control for potentially confounding factors we a priori selected the fol-
lowing variables that could plausibly affect HITH and either LOS or ICC. In
addition to age and sex, the nature and number of comorbidities consist-
ently predicts the adverse outcomes of hospitalization (including LOS and
cost).9,10 Therefore, we mapped ICD-10 codes to the 19 comorbidity clas-
sifications comprising the Charlson comorbidity index (CCI), a weighted
aggregate metric of multi-morbidity with high predictive value across a
range of conditions and contexts.9,10 Because the presence or absence
of carer support could influence LOS, we included marital status, dichoto-
mized into ‘spousal support’ (married or de facto) or ‘no spousal support’
(single, widowed, divorced or separated), as a surrogate of carer support at
home. In our population, with high proportions of non-English-speaking
migrants, complexities in delivering care (e.g. the need for interpreter
services) can contribute to treatment delays and added costs. Therefore,
language status (English versus another language spoken at home) was
also included. Recent hospital admission and smoking were also included.

Outcomes
Total LOS (time of presentation to discharge from the health service)
included the sum of days spent in an inpatient ward and/or under the
care of HITH.

Clinical costing by Western Health’s dedicated clinical costing unit
employed a standardized methodology utilizing Power Performance
Manage software, a platform widely used throughout hospitals in Australia
and New Zealand, including in published health-economic research.11 This
algorithm quantified both: (i) direct patient costs (medical, nursing and allied
health wages, ward consumables, theatre costs, drugs, anaesthetics, path-
ology and imaging); and (ii) overheads (utilities, cleaning, medical records,
finance, administration, security, information technology and engineering).
The primary outcome variable, ICC, represents the total sum of direct patient
costs and overheads measured in Australian dollars (AU$) in 2012–13. We
followed the CHEERS guideline checklist for reporting of economic evalua-
tions of health interventions where applicable.12 Importantly, our methods
used a direct measurement of actual institutional healthcare expenditure
rather than a decision-analytical model that utilizes assumption-based
imputation or extrapolation of costs.

Ethics approval
The study was approved by the Western Health Human Research and
Ethics Committee (approval number QA 2013.02).

Statistical methods
Although LOS and ICC data are highly skewed, mean values represent
more meaningful indicators of overall organizational expenditure. Mean
and corresponding 95% CIs were therefore estimated using non-
parametric bootstrap sampling. Three-thousand samples were taken for
each CI, and bias-corrected and accelerated CIs are presented that essen-
tially correct for the difference between observed means and medians of
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their bootstrap distribution and for the positive correlation between
bootstrap estimates and their estimated standard errors.13,14 To model
associations between HITH and LOS, univariable and multivariable trun-
cated negative binomial regression models were fitted. These models
were appropriate for these reasons: (i) LOS is measured in days (meaning
an LOS of zero is impossible); and (ii) LOS is an over-dispersed count
variable (i.e. the variance is greater than its mean).15 To model ICC data,
univariable and multivariable generalized linear regression models were
fitted with a gamma error distribution and log link13,14,16 with assump-
tions tested by examination of residuals, and the appropriateness of the
link and error distribution were tested using the Park test.14

To account for the correlated data between patients with multiple
visits, we estimated robust standard errors using the Hubert–White
sandwich estimate of the variance.17

All analyses were performed using Stata version 13.1.18

Results

Characteristics of the cohort

Of 295 patients admitted, 28 had more than one treatment episode
(including 24 with two, three with three and one patient with four
separate treatment episodes), resulting in a total of 328 separate
treatment episodes. Nine Group 1 and seven Group 2 patients were
readmitted for re-treatment of cellulitis within 28 days of a previous
treatment episode. Patient flow is shown in Figure 1 and baseline
patient characteristics of both groups in Table 1. Patients who had
HITH treatment were more likely to have spousal or de facto support
at home (64.5% versus 38.2%) but were similar to those who had
inpatient treatment in other respects.

Length of stay

The unadjusted mean LOS was 5.8 days (95% CI: 3.5–8.2 days) in
Group 1 (non-HITH) and 7.5 days (6.8–8.2 days) in Group 2 (HITH

treated), with Group 2’s treatment including a mean of 1.8 days as
an inpatient and a mean of 5.6 days in HITH. Group 2 patients
who were admitted directly to HITH within 24 h (n¼45) had a

409 admission episodes with lower-limb
cellulitis

81 had total LOS <24 h and
excluded from further analysis

328 with LOS ≥24 h included in
analysis

283 admitted to an
inpatient ward

45 admitted to HITH
within 24 h

79 transferred from
inpatient ward to
HITH (after >24 h)

204 had all their
treatment in an
inpatient ward

Analysed as
Group 2
(n = 124)

Analysed as Group
1 (n = 204)

Figure 1. Patient flow diagram (patients with primary diagnosis of lower-limb cellulitis presenting to the study site between 01 July 2012 and 30
June 2013).

Table 1. Characteristics of the 328 treatment episodes for lower-limb
cellulitis

Characteristics

Inpatient
treatment

only (n¼204)

Some or all
treatment through

HITH (n¼124)

Age at admission, years,
median (IQR)

58.5 (39.0–78.5) 59.0 (47.0–73.0)

Sex, n (%)
males 112 (54.9) 80 (64.5)
females 92 (45.1) 44 (35.5)

English spoken at home, n (%)
no 34 (16.7) 18 (14.5)
yes 170 (83.3) 106 (85.5)

Spouse or de facto support at home, n (%)
no 126 (61.8) 44 (35.5)
yes 78 (38.2) 80 (64.5)

Admitted to hospital in past 6 months, n (%)
no 137 (67.2) 91 (73.4)
yes 67 (32.8) 33 (26.6)

CCI score 0 (0, 1.5) 0 (0, 1)
0 124 (60.8) 77 (62.1)
≥1 80 (39.2) 47 (37.9)
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shorter LOS [5.3 days (95% CI: 4.6–6.1 days)] than that of the 79
patients transferred after a period of inpatient care [8.7 days (95%
CI: 7.8–9.6 days)]. Results of the negative truncated binomial
regression model are shown in Table 2. Univariable and multivari-
able models produced similar results. After adjusting for confoun-
ders, admissions that included HITH had a LOS 1.63-fold (95% CI:
1.24- to 2.13-fold; P,0.001) longer than admissions that did not. A
unit increase in CCI score corresponded to a 1.12-fold (95% CI:
1.04- to 1.20-fold; P¼0.002) longer LOS.

Total costs

Average per-day clinical costs were $431 for HITH and $761 for
inpatient care. Average costs per admission were AU$5196 (95%
CI: AU$4567–AU$5824) for Group 1 (non-HITH) and AU$5873
(95% CI: AU$5212–AU$6534) for Group 2 (HITH treated). Results
from the generalized linear model are shown in Table 3 and were
also similar for multivariable and univariable models. After adjusting
for confounders, admissions including HITH management had
costs 1.14-fold (95% CI: 0.97- to 1.34-fold) non-significantly greater
than those for which there was no HITH management (P¼0.11).

Discussion
This study challenges existing assumptions regarding the cost-
effectiveness of home-based treatment of lower-limb cellulitis.

Our findings of a 1.63-fold greater LOS and costs that were no
less than those for ward patients (non-significantly 1.14-fold
greater ICC in HITH patients following adjustment for confounders)
suggest we may have unknowingly created the conditions of a
‘false economy’, whereby a strategy intended to confer a financial
benefit in fact results in equal or greater expenditure. Given the
very high incidence of lower-limb cellulitis, the economic implica-
tions for hospital services are significant (total costs at our centre
were AU$1.4 million in 2012–13).

Our analysis suggested that on a per-day basis, HITH provides
moderate (43%) savings compared with inpatient care. Although
we are unaware of other data specifically relating to HITH for cellu-
litis, a UK study of OPAT for a range of infectious diseases (including
56% with cellulitis) estimated similar per-day cost savings of
39%–59%.2 Importantly, the study’s conclusions that OPAT repre-
sented a cost-effective alternative to ward management relied on
assumptions that OPAT- and ward-treated patients in their analysis
would have similar LOS. Our analysis has painted a quite different
picture of the way HITH is being utilized in an Australian setting. We
found that whilst patients were similar to inpatients in regards to
age and comorbid complexity, their LOSs were much higher. Our
HITH patients also had higher levels of social support at home, a
factor generally associated with shorter inpatient stay. Our multi-
variable analysis, used to control for potential confounders, con-
firmed that HITH was strongly associated with longer LOS that
completely offset HITH’s per-day cost savings.

Table 2. Results of the univariable and multivariable negative truncated binomial regression for associations with LOS

Variable

Univariable model Multivariable modela

estimated b

coefficient (SEb)
relative increase in

cost (95% CI) P value
estimated b

coefficient (SEb)
relative increase in

cost (95% CI) P value

HITH
no Ref Ref — Ref Ref —
yes 0.30 (0.24) 1.35 (0.84–2.17) 0.214 0.55 (0.10) 1.74 (1.42–2.13) ,0.001

Age (per 5 years) 0.10 (0.03) 1.10 (1.04–1.17) 0.001 0.10 (0.02) 1.10 (1.05–1.15) ,0.001

Sex
males Ref Ref — Ref Ref —
females 0.37 (0.29) 1.44 (0.81–2.57) 0.212 0.00 (0.14) 1.00 (0.77–1.31) 0.993

English speaking
no Ref Ref — Ref Ref —
yes 0.16 (0.21) 1.18 (0.78–1.77) 0.431 0.44 (0.19) 1.55 (1.06–2.26) 0.024

Spouse or de facto support at home
no Ref Ref — Ref Ref —
yes 20.18 (0.26) 0.83 (0.50–1.40) 0.491 20.16 (0.14) 0.85 (0.65–1.12) 0.252

Admitted to hospital in the past 6 months
no Ref Ref — Ref Ref —
yes 0.56 (0.34) 1.75 (0.90–3.37) 0.096 0.43 (0.24) 1.53 (0.95–2.47) 0.082

CCI (per 1 U) 0.12 (0.04) 1.12 (1.04–1.21) 0.002 0.04 (0.04) 1.04 (0.96–1.12) 0.345

SE, standard error; Ref, reference group used in statistical analysis.
aThe multivariable model has been adjusted for the covariates in the Table (i.e. HITH, age, sex, English speaking, spouse or de facto support at home,
admitted to hospital in the last 6 months and CCI).
bStandard errors were estimated using the Huber–White sandwich estimator to account for correlated admissions from the same patient.
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The questions that now arise relate to understanding the
health-system factors that contribute to this paradoxically longer
LOS in HITH patients. Ours was a single-centre study and therefore
may have been subject to unique factors present at our institu-
tion. However, we hypothesize that the contributory factors
may be ubiquitous throughout the health system. For example,
less frequent clinical and medication reviews by medical staff in
HITH (versus daily medical reviews in hospital wards) could con-
tribute to delayed de-escalation to oral antibiotics and delayed
discharge. We also hypothesize that HITH is less subject to organ-
izational pressures to reduce bed stay on the wards. When treat-
ment duration is not constrained by external factors, clinicians
may regress to a more risk-averse approach of “more is better.”
Clinicians may also be less inclined to work proactively on dis-
charge planning during intervals between patient medical review
(usually 2–3 days). The problem is compounded by the lack of a
clear evidence base to inform optimal duration of intravenous
antibiotics. No formal treatment guidelines currently in existence
commit to recommendations on parenteral therapy duration. This
situation may change as new clinical trial evidence emerges,
including evaluations of intravenous treatment durations as
short as 24 h.19

Unlike previous studies,2 our study benefited from clinical cost
estimations directly derived in each individual patient rather than
through a process of imputation. Our methods also enabled us to

control for major influential variables, including most importantly
age and comorbidity index,9,10 and by restricting analysis to a
single primary diagnosis, avoided other disease-related confoun-
ders. However, we acknowledge that the retrospective design
employed may not have accounted for other potential confoun-
ders not present in our dataset. These could have included factors
such as frailty, cognitive impairment, polypharmacy20 and clinical
markers of cellulitis disease severity (such as size of lesion
and complications such as bacteraemia and septic shock).21

However, it seems likely that these factors would be more preva-
lent in patients admitted to the wards. Therefore, if they had
been included, adjusted differences in LOS could have been
even more pronounced than those we described based on the
available data.

It is important to emphasize that cost should not be the only
consideration in assessing the value of HITH approaches. These
have other advantages, including patient safety and satisfaction.3

Our findings may also not necessarily apply to HITH treatment of
other infections (including non-lower-limb cellulitis) that were not
included in our study. However, we advise a more critical ongoing
analysis of the cost effectiveness of HITH-based management of
cellulitis including greater efforts to constrain LOS. These efforts
may not only reduce costs but also reduce risks associated with
unnecessarily lengthy parenteral antibiotic administration (in-
cluding intravenous device-related complications and antibiotic

Table 3. Results of the univariable and multivariable generalized linear modela for associations with total cost

Variable

Univariable model Multivariable modelb

estimated b

coefficient (SE)
relative increase
in cost (95% CI) P value

estimated b

coefficient (SE)
relative increase
in cost (95% CI) P value

HITH
no Ref Ref — Ref Ref —
yes 0.12 (0.08) 1.13 (0.96–1.33) 0.145 0.14 (0.07) 1.15 (0.99–1.33) 0.067

Age (per 5 years) 0.05 (0.01) 1.05 (1.03–1.07) ,0.001 0.04 (0.01) 1.04 (1.02–1.07) ,0.001

Sex
males Ref Ref — Ref Ref —
females 0.05 (0.09) 1.06 (0.88–1.26) 0.554 20.10 (0.08) 0.91 (0.78–1.05) 0.186

English speaking
no Ref Ref — Ref Ref —
yes 20.01 (0.10) 0.99 (0.81–1.21) 0.911 0.18 (0.11) 1.20 (0.97–1.48) 0.092

Spouse or de facto support at home
no Ref Ref — Ref Ref —
yes 0.07 (0.09) 1.07 (0.91–1.27) 0.417 0.03 (0.08) 1.03 (0.89–1.20) 0.67

Admitted to hospital in the past 6 months
no Ref Ref — Ref Ref —
yes 0.21 (0.10) 1.24 (1.01–1.51) 0.037 0.11 (0.10) 1.12 (0.93–1.35) 0.245

CCI (per 1 U) 0.11 (0.03) 1.12 (1.06–1.18) ,0.001 0.08 (0.03) 1.09 (1.02–1.15) 0.007

SE, standard error; Ref, reference group in statistical analysis.
aGeneralized linear model with a gamma error distribution and log link and standard errors estimated using the Huber–White sandwich estimator to
account for correlated admissions from the same patient.
bThe multivariable model has been adjusted for the following covariates: HITH, sex, English speaking, spouse or de facto support at home and CCI.
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side effects).22 – 24 These measures could include mandating more
frequent medical reviews and pre-specified capping of intended
LOS at a set number of days. The results of current clinical trials
are eagerly awaited, as these may provide a clear evidence-based
mandate for constraining intravenous antibiotic treatment dur-
ation that could therefore contribute to very significant cost sav-
ings throughout our health system.
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