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Background: Cellulitis requiring intravenous therapy can be managed via out of hospital
programs, but a high number of patients are still admitted to hospital.

Objective: We aimed to review the clinical features, management and outcomes of patients
with cellulitis requiring intravenous therapy in a Hospital in the Home (HITH) program
compared to patients who are admitted to hospital.

Methods: A prospective cohort study of patients with limb cellulitis requiring intravenous
antibiotics was conducted at a metropolitan principal referral hospital.

Results: A total of 100 patients out of 113 eligible patients were recruited. Forty-eight were
treated entirely in hospital and 52 were treated entirely or partially via HITH. Patients treated
in hospital were older (mean 69.2 vs 56.7 years, p<0.001), less mobile, have more comor-
bidities (Charlson Comorbidity Index mean 2.2 vs 1.2, P=0.005) and more associated active
illness. All patients with Eron Class III were admitted to hospital. Patients treated in hospital
had a higher incidence of acute renal failure (27.1% vs 3.8%, p=0.001), nosocomial infection
(10.4% vs 0.0%, P=0.023), and a higher 28-day hospital readmission rate (10.4% vs 0.0%,
P=0.023).

Conclusion: Approximately half of the patients who require intravenous therapy can be
treated via an out of hospital program. Patients admitted to hospital were more unwell and
more likely to suffer complications. The presence of comorbid illness does not necessarily
exclude participation in HITH and careful selection is essential to ensure safe outcomes.
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Introduction

Cellulitis requiring intravenous therapy is a condition that can be managed via out of
hospital programs, commonly named Hospital in the Home (HITH), Outpatient
Antimicrobial Therapy (OPAT) or
Antimicrobial Therapy (CoPAT). Treatment in these programs for selected patients

Parenteral Community-based Parenteral

have been found to be safe' > with similar outcomes to traditional inpatient treatment.*
Home intravenous treatment of cellulitis is also estimated to be cheaper.”® Patients
treated at home were found to have fewer complications’® less functional decline’ and
greater satisfaction.'” In Australia, cellulitis accounted for over 250,000 hospital bed
days, or 10.5% of potentially preventable hospitalizations, in 2013—14."" Reducing this
number by a fraction would additionally result in significant cost savings to the health
care system.

The outcome of cellulitis with appropriate treatment is good in the majority of
cases. Initial treatment failure can occur in 16.6% of hospitalized patients.'> However

for appropriately selected patients in an out of hospital program, treatment success rate
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is around 90%.>'*'* Complications of cellulitis include
osteomyelitis and septic arthritis, bacteremia and sepsis.'
Outcome measures that are used by most studies include
complications, prolonged hospital stay, recurrence, readmis-
sion to hospital and mortality.'®"'*

Known risk factors for poorer outcomes in cellulitis can be
used to assess suitability for management in HITH programs.
These include age >60, weight >100 kg and body mass index
(BMI) >40, congestive cardiac failure diabetes, liver disease,
chronic pulmonary disease, altered mental status, tachycardia,
hypotension, elevated serum creatinine, neutrophilia/neutro-
penia, hypoalbuminemia, bacteraemia.'®'* Other risk factors
for treatment failure in out of hospital programs were noted to
be female gender and treatment with Teicoplanin.'® The pre-
sence of these risk factors however in themselves do not
exclude participation in HITH programs. The degree of risk
depends on the severity and acuity of each condition.
Furthermore, patients initially admitted to hospital may con-
tinue their treatment via HITH when their clinical status
improves. There is currently little detailed clinical literature
on the target proportion of patients with treatable conditions
who can be managed in these programs, or detailed informa-
tion on factors that limit the treatment of patients in these
programs.

We aimed to describe the management of cellulitis and
assess the proportion of patients treated via a HITH pro-
gram. We also aimed to review the factors which lead to
hospital admission, where future strategies can be targeted
to increase uptake to HITH.

Setting

The Bankstown Ambulatory Care Unit is based in
Bankstown-Lidcombe Hospital, a 433 bed metropolitan prin-
cipal referral hospital which has over 55,000 admissions
per year, serving a population of over 193,000 people. The
Ambulatory Care Unit manages HITH services, as well as
the Day Hospital and acute clinics. It has dedicated medical
and nursing staff. Patients are treated in the Ambulatory Care
Unit or at home where home visits up to twice a day are
provided by community nurses. Other monitoring and con-
tact with the patient may occur by phone.

Methods

We performed a prospective observational study in
Bankstown-Lidcombe Hospital, New South Wales, Australia
from June 2014 to April 2015. The study was approved by the
South-Western Sydney Local Health District (SWSLHD)
Ethics Committee. All participants in the study provided

informed consent. This study was conducted in accordance
with the Declaration of Helsinki.

Patients aged 18 years and above were consecutively
recruited if they had a clinical diagnosis of cellulitis and
treated with intravenous antibiotics as directed by the
admitting clinician. Patients were identified through
review of the entire hospital inpatient list three times
a week by a study investigator, who obtained signed
informed consent for eligible participants. Patients with
clinical symptoms and signs consistent with cellulitis,
particularly that of erythema, edema and warmth were
included in the study. We excluded pregnant patients and
those with post-operative wound infections.

Patients were classified as HITH if they were directly
admitted to HITH or continued treatment via HITH after
hospital admission. Data collected included basic demo-
graphics, clinical characteristics, relevant investigations,
treatment provided and clinical outcomes. The severity of
cellulitis was derived from the Eron classification.”® The
Charlson Comorbidity Index?' was calculated from the clin-
ical data. Associated active illness was defined as worsening
of comorbidity such as additional diuresis in the setting of
known congestive cardiac failure or worsening chronic renal
failure requiring fluids. Acute renal failure was defined
according to the Kidney Disease Improving Global
Guidelines (KDIGO).?*> Nosocomial infection was recorded
when it was diagnosed and documented by the treating team.
Patients were followed up for 28 days following completion
of intravenous antibiotics to evaluate for clinical recurrence,
hospital readmission and mortality. The 28-day outcome was
determined from hospital information systems as well as
through telephone contact with participants. We compared
the clinical characteristics and outcomes of patients in two
cohorts — patients who were entirely treated in hospital, and
those who were treated partially or entirely in the
Ambulatory Care HITH program.

Data were analyzed using SPSS Version 24 and R version
3.3.1. Two-tailed chi-square tests with Yates continuity cor-
rection were used to compare proportions. Student’s z-test
was used to compare differences in means for normally
distributed variables. For non-normally distributed continu-
ous variables, non-parametric test was used to assess differ-
ences in the ranked median scores. Statistically significant
results were set at an alpha level of 0.05.

Results
A total of 113 patients were identified during the period of
study and 100 patients (88.5%) consented to participate.
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Of the patients who consented 48 (48.0%) were treated
entirely in hospital and 52 (52.0%) were treated entirely or
partially via the HITH program. Of the patients treated via
HITH program, 25 (48.1%) were treated from admission
to discharge entirely via HITH, and 27 (51.9%) were
initially admitted into hospital and discharged via HITH.

Patients treated in hospital were older with a mean age
of 69.2 £18.2 years compared to 56.7 +18.2 years (p<0.001)
for patients treated via HITH. A higher proportion treated
entirely in hospital were from an Aged Care facility (20.8%
vs 0% respectively, p<0.0004) and had impaired mobility
(47.9% vs 7.7%, respectively, p<0.0001). The proportion of
prior oral antibiotic use in the hospital and HITH treated
patients were not significant (37.5% vs 50.0%, p=0.208)
(Table 1).

Patients treated in the hospital also were more unwell.
This group had a higher Charlson Comorbidity Index
(mean 2.2 [£1.9] vs 1.2[£1.5] p=0.005). A significantly
higher proportion of patients treated in hospital was found
to have dementia (14.6% vs 0%, respectively, p=0.005),
depression (16.7% vs 1.9%, respectively, p=0.013) and
cancer (16.7% vs 0%, respectively, p=0.002). Proportions
of the other comorbidities assessed were also higher but
these were not statistically significant (Table 2).

Patients with more severe cellulitis of Eron Class III
were all admitted to hospital. A small number of patients
of Eron Class I were admitted to hospital with the
majority treated via HITH (4.2% vs 15.4% p=0.003).

Table | Patient Demographics

Characteristics Final Treatment Group P-value
Hospital HITH No.
No. 48 52
Age mean (SD) 69.2 (£182) | 56.7 (£18.2) | 0.00I
Female 17 (35.4%) 21 (40.4%) 0.68
Height (cm) 170.6 (£11.0) | 169.3 (¥9.5) | 0.60
Weight (kg) 93.3 (¥29.2) 102.3 (£39.6) | 0.30
Body mass index (BMI) | 31.8 (£9.0) 358 (£13.5) | 0.18
Living arrangement 0.0004
Home 38 (79.2%) 52 (100.0%)
Residential aged care | 10 (22.8%) 0 (0.0%)
facility (RACF)
Mobility < 0.0001
Mobile unaided 25 (52.1%) 48 (92.3%)
Mobile with aid or 23 (47.9%) 4 (7.7%)
bed/chair bound
Prior oral antibiotic use | 18 (37.5%) 26 (50.0%) 0.208

The majority of patients admitted to hospital and treated
via HITH were of Eron Class II. There were minor
differences with specific vital signs but the mean heart
rate (93.7[£15.7] vs 86.7[+17.4], p=0.024) and the mean
temperature (37.6 °C [£1.0] vs 37.1 °C [+1.0], P=0.018)
were higher in the patients treated in hospital. There was
no statistically significant difference in the pain scores.
Investigations revealed a lower mean hemoglobin (124.6
g/L [£17.3] vs 136.4 g/L [£19.0], p=0.001), mean albu-
min (38.4 g/L [£5.0] vs 41.6 g/L [£3.9], p=0.002), higher
mean Urea (7.4 mmol/L vs 5.6 mmol/L, P=0.006). There
was no significant difference in the mean white cell
count (WCC) or C-reactive protein (CRP) levels.

Patients with Eron class of I or II and who were
initially treated as inpatient tend to report more chills
and fever (32.4% vs 11.8% p=0.03); had significantly
higher mean WCC (12.3x10%/L [£5.9] vs 9.2x10°/L
[£3.0] p=0.006) and higher median CRP (105.3 mg/L
[31-213] vs 36 mg/L [15.3-131] p=0.028). More patients
in this group had an associated active illness that required
treatment (30.9% vs 11.8% p=0.05) and have higher mean
Charlson Comorbidity Index (1.9 [+1.9] vs 1.2 [£1.7]
p=0.049).

Compared to hospital-treated patients, Cefazolin was
the most common antibiotic prescribed in HITH (82.7% vs
31.2%) and Flucloxacillin was more common in the hos-
pital-treated group (33.3% vs 13.5%) p<0.0001.

Patients treated in hospital had a higher complication
rate. Statistically significant differences were found in the
incidence of acute renal failure (27.1% vs 3.8%, p=0.001),
nosocomial infection (10.4% vs 0.0%, P=0.023) and read-
mission to hospital within 28 days (10.4% vs 0.0%,
P=0.023). Of the five patients who were readmitted to
hospital, three had recurrent cellulitis and two had osteo-
myelitis. Two patients treated in hospital died, whereas
there were no deaths in patients treated via HITH
(Table 3).

Discussion
We found that half of patients who present with cellulitis
and require intravenous therapy can be treated via HITH.
Information for the patients who did not consent to parti-
cipate was not collected. Even if all these patients were
admitted to hospital, the participation rate of HITH would
be 52 out of 113 patients (46%) and so would not sig-
nificantly have differed.

While patients admitted to hospital were older, 38.5%
of patients treated via HITH were over 65, indicating that

International Journal of General Medicine 2019:12

submit your manuscript

449

Dove


http://www.dovepress.com
http://www.dovepress.com

Ong et al Dove

Table 2 Clinical Characteristics — Risk Factors

Table 2 (Continued).

Characteristics Final Treatment Group P-value
Characteristics Final Treatment Group P-value
Hospital HITH No.
Hospital HITH No.
No. 48 52
No. 48 52
Risk factors
Urea (mmol/L) - median 7.4 (57-11.7) | 5.6 (45-82) | 0.006
Surgery/procedure in last 3 4 (8.3%) 1 (1.9%) 0.19
(IQR)
months
CRP (mg/L) - median (IQR) | 67.5 26.0 0.12
Skin conditions 6 (12.5%) 17 (32.7%) 0.019
(149-134.6) | (142-96.6)
Peripheral vascular disease 9 (18.8%) 8 (15.4%) 0.79 o
Charlson comorbidity index 2.2 (£2.0) 1.2 (x1.5) 0.005
Peripheral neuropathy 5 (10.4%) 5 (9.6%) 1.0
Immunosuppressed 1 (2.1%) 0 (0.0%) 0.48 Eron Classification 0.003
Lymphedema I (2.1%) 2 (3.8%) 1.0 Class | 2 (4.2%) 8 (15.4%)
Dependent edema 17 (35.4%) 1 (21.2%) 0.12 Class Il 39 (78.0%) 44 (84.6%)
Tinea pedis 5 (10.4%) 9 (17.3%) 0.39 Class Il 7 (14.6%) 0
Venous dermatitis 9 (18.8%) 8 (15.4%) 0.79 Class IV 0 0
Comorbidities Note: *More than one limb involvement.
Diabetes 17 (35.4%) 12 (23.1%) 0.19
Hypertension 17 (35.4%) 14 (26.9%) 0.39
Ischemic heart disease 16 (31.2%) 8 (15.4%) 0.095 age should not exclude treatment via HITH. Surprisingly
Hyperlipidemia 13 (27.1%) 9 (17.3%) 033 during the study period patients in residential-aged care
Congestive cardiac failure 13.Q7.1%) | 7(13.5%) 0.13 facilities (RACF) were treated in hospital even though
Atrial fibrillation 10 (20.0%) 5 (9.6%) 0.16 HITH ) ilable in RACF. Furth Ivsi
Dementia 7 (146%) 0 00% 0.005 services were available in . Further analysis
Obesity 6 (10.4%) 1 (21.2%) 0.18 of this group, however, showed that these patients were
Depression 8 (16.7%) I (1.9%) 0013 more unwell and had more comorbidities.
Cancer 8 (167%) 0 (00%) 0.002 Patients managed in HITH were more mobile, suggest-
Steroid use last 3 months 5 (10.4%) 1 (1.9%) 0.10 . that i . bilit tentiall dit 1
Associated active illness 17 (35.4%) 8 (15.4%) 0.036 1ng that improving Moty can potentially expedilie carly
Duration of symptoms (days) | 3.0 (1.2-7.0) | 3.0 2.0-6.2) | 06l discharge via an out of hospital program. However, as
— median (IQR) impaired mobility and functional status correlate with ill-
Fever and chills 14 (392%) I @1.2%) 037 ness severity,” hospital admission would be required for
Heart rate — mean (SD) 93.7 (£15.7) 86.7 (£17.4) 0.024 th orit £ th tients. T ired bility i 11
Systolic BP (mmHg) — mean 140.0 (£22.1) | 1353 (£17.7) | 033 ¢ majority of these patients. Impaired mobility 1s usually
(SD) also associated with a higher need for personal care
Diastolic BP (mmHg) — mean 72.8 (x10.8) 747 (£12.5) 0.49 support.
D) Patients with severe illness require hospital admission as
Temperature (°C) 37.6 (£1.0) 37.1 (£1.0) 0.018 . . .. . .
the intensity of monitoring and treatment required is not
Pain 0.52 available in HITH programs. The presence of unstable vital
Mild score 0-3/10 20 (46.5%) 25 (55.6%) . . . .
signs mandates hospital admission, as may poorer biochem-
Mod score 4-7/10 16 (37.2%) 16 (35.6%) ) ) ]
Severe score 8-10/10 7 (163%) 4 (89%) ical markers such as albumin and urea. Systemic parameters
however vary, so where there is clinical concern, a longer
Location® 0.740 . . . . L
Right lower limb 2 (54.2%) 26 (50.0%) period of observation would be required prior to participation
Left lower limb 25 (52.1%) 27 (51.9% in a HITH program. We found no patients higher than Eron
Right upper limb 5 (10.4%) 2 (3.8%) Class II cellulitis were treated in HITH.
Left limb 3 (6.2% 2 (3.8% . o .
eit upper fim (6:2%) (38%) The majority of cellulitis infections are due to beta-
Bilateral limb involvement 11 (22.9%) 8 (15.4%) 0.337 . . o
hemolytic streptococci and less commonly methicillin-
Pathology sensitive S. aureus, making Cefazolin and Flucloxacillin
Hemoglobin (g/L) 124.6 (£17.3) 136.4 (£19.0) | 0.001 . vic initial th Cefazolin h |
White cell count (xI0°/L) 121 (£6.0) 106 46 | 019 appropriate empiric initial therapy. Cefazolin has a longer
Albumin (g/L) 384 (£5.0) 41.6 (£3.9) 0.002 duration of action than Flucloxacillin and is logistically
Creatinine (umol/L) - median | 94.5 82.0 o0ols easier to use than Flucloxacillin. Flucloxacillin has to be
(IQR) (620-1320) | (715-1025) given four times a day, or requires the insertion of a central
(Continued) line and delivered via an infuser pump. In contrast, Cefazolin
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Table 3 Treatment, Complications And Outcomes

Characteristics Final treatment group P-value
Hospital HITH No.
No. 48 52

Length of stay (days) - median 8.0 7.0 (48-11.2) | 0.16

(IQR) (6.0-13.2)

Duration intravenous therapy 57 7.0 (48-11.2) | 0.08

(days) - median (IQR) (3.8-9.0)

Antibiotics <0.0001
Cefazolin 15 (31.2%) | 43 (82.7%)
Flucloxacillin 16 (33.3%) | 7 (13.5%)
Piperacillin/Tazobactam 5 (10.4%) 0
Vancomycin 4 (8.3%) 1 (1.9%)

Ceftriaxone 4 (8.3%) 0
Others 4 (8.3%) 1 (1.9%)

Complications
Deep venous thrombosis 0 (0.0%) 0 (0.0%) 1.0
Pulmonary embolism | (2.0%) 0 (0.0%) 0.48
Acute renal failure 13 (27.1%) | 2 (3.8%) 0.001
Fall or decreased mobility 15 31.2%) 10 (19.2%) 0.18
Nosocomial infection 5 (10.4%) 0 (0.0%) 0.023

Outcomes
Re-admission to hospital 5 (10.4%) 0 (0.0%) 0.023

(within 28 days)

Intensive care unit admission 0 (0.0%) 0 (0.0%) 1.0

Re-presentation to emergency I (2.0%) 1 (1.9%) 1.0
department (within 28 days)

Death 2 (4.2%) 0 (0.0%) 0.23

can be given less frequently in out of hospital programs,
commonly at a dose of 2 g twice a day. Infections with
resistant organisms and complicated infections, which
require alternative antibiotics such as Vancomycin, usually
require insertion of a central line, following which patients
may be treated in out of hospital programs.

We noted a trend towards a longer duration of intrave-
nous therapy in patients in HITH. A longer length of stay
has been previously noted in HITH patients.”* Potential
causes include less frequent clinical reviews by medical
staff in HITH as compared to in hospital, accessibility of
infectious disease consultation service, and a risk-averse
approach to early de-escalation to oral therapy. It is worth
noting that this longer length of stay is within the home
environment rather than imposing on the hospital system,
though it is unclear whether longer bed rest in hospital
promotes faster recovery. Further study is required to
examine this.

Patients treated in hospital also have more medical
comorbidities as demonstrated by a higher Charlson

Comorbidity Index, and a higher prevalence of associated
active illness. We found that patients with dementia and
cancer tended to be admitted to hospital. There was no
significant association with hospital admission for the
other common comorbidities. The presence of these
comorbidities do not therefore preclude treatment in
HITH programs, requiring the clinician to assess the
acuity, severity and accompanying clinical risk of these
conditions holistically.

The outcomes of patients treated via HITH were gen-
erally good with a low 28-day readmission rate; 10% of
patients admitted to hospital were readmitted within 28
days. Complications were more common in the group
admitted to hospital. There was a higher incidence of
nosocomial infection and acute renal failure. There was
also a higher falls rate, though this did not reach statistical
significance. There were two deaths in patients admitted to
hospital, while low, a little higher than the reported rate of
1.1%.% Further analysis of patients with Eron Class II
cellulitis only, also revealed similar results with a higher
incidence of nosocomial infection and acute renal failure
in hospitalized patients. A full propensity analysis was not
possible due to low numbers in some groups, and we were
otherwise unable to ascertain whether it is concomitant
comorbidities or hospitalization that contributed more to
the higher complication rate. A larger study may be able to
examine this further. A meta-analysis of randomized con-
trolled trials had found that for many conditions, out of
hospital programs were associated with fewer complica-
tions and better outcomes.”*

Admission criteria for HITH programs include acuity
and complexity of illness, functional status and service-
related issues including appropriate venous access. For
less acute patients, the degree to which these factors influ-
ence the decision to treat in HITH programs depend on the
comfort zone of the treating clinician as well as the capa-
city of the services to address the other care needs of the
patient. The clinical trajectory of the majority of patients
with cellulitis is good, but clinical variations can occur,
particularly when patients have concurrent active comor-
bidities. Effective management of patients in HITH
requires careful risk management with prompt intervention
and treatment when clinical condition changes. With the
staffing and structure in our service, we are able to treat
moderately complex patients in HITH. The low hospital
readmission and complication rate indicates that admission
criteria are appropriate and treatment is as safe as hospital
inpatient-based treatment.
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One of the limitations of this study is the small sample
size and short recruitment period. However, the patients were
identified on a defined schedule, limiting selection bias.
A larger study will allow a more detailed review of the
clinical characteristics and therapeutic regimens of patients
treated in HITH and in the hospital. A randomized control
study will be able to provide stronger evidence if out of
hospital treatment is preferable to in hospital treatment for
cellulitis.

In Australia, hospital admissions have increased at
twice the rate of population growth.?” Out of hospital
programs that attempt to address this demand are now
established in many centers in Australia. Maximizing the
use of these programs requires identification of factors
associated with hospital admission so that strategies to
address them can be developed. The rate of uptake of
patients with cellulitis for HITH potentially may be
increased further, with increased capacity to address the
limiting factors identified affecting uptake to HITH and
advances in technology particularly that of improved tele-
monitoring.

Conclusion

Approximately half of the patients who required intra-
venous therapy were treated via an out of hospital pro-
admitted to
comorbidities and severe illness, and were more likely

gram. Patients hospital had more
to suffer complications. The presence of comorbid ill-
ness however does not necessarily exclude participation
in HITH and appropriately selected patients had few

complications.

Highlights
Around half of the hospitalized patients with cellulitis can
be managed via Hospital in the Home (HITH).

Severity of cellulitis and comorbidity define the need for
the hospital admission.

Presence of comorbidity and active illness do not
exclude participation in HITH.

Appropriately selected patients treated in HITH have
fewer complications.

Holistic assessment and careful selection are essential
for safe treatment in HITH.
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