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The treatment of nursing home-acquired
pneumonia using a medically intensive
Hospital in the Home service
ursing home-acquired pneu-
 Abstract

monia (NHAP) is a common
Objectives: To compare the outcomes for patients with nursing
home-acquired pneumonia (NHAP) treated completely in a Hospital in
the Home (HITH) setting with those of patients treated in a traditional
hospital ward.

Design: Caseecontrol study.

Setting and participants: All patients admitted by the Royal Melbourne
Hospital for treatment of NHAP from 1 July 2013 to 31 January 2014.

Intervention: Admission to the Royal Melbourne Hospital HITH Unit
within 48 hours of presentation.

Main outcome measures: Length of stay, in-hospital and 30-day mortality,
hospital readmissions (30-day), complications and unplanned returns to
hospital.

Results: Sixty HITH patients and 54 hospital (control) patients were
identified. Thirty-two patients (53%) were admitted directly to HITH
without any hospital or emergency stay, 25 (42%) were referred directly
from the emergency department. HITH patients were more likely to be
male, older and dehydrated, and less likely to have an advanced care
directive or to have had non-invasive ventilation. There were no significant
differences in CURB-65 or CORB scores between the two patient groups;
similar proportions were given intravenous fluids or supplemental oxygen.
There were no adjusted differences in median length of stay between
HITH and control patients (�1.00 days; 95% CI, �2.72 to 0.72; P¼0.252)
or in overall mortality at 30 days (HITH v control patients: adjusted odds
ratio [aOR], 1.97; 95% CI, 0.67e5.73). Inpatient mortality was lower for
HITH patients (aOR, 0.19; 95% CI, 0.05e0.75) but unadjusted post-
discharge 30-day mortality was higher (OR, 13.25; 95% CI 1.67e105.75).
There were no differences between the two groups with regard to
complications (falls and pressure wounds) and 30-day readmission
rates (aOR, 1.59; 95% CI, 0.30e8.53).

Conclusions: This study suggests that HITH may be an effective and safe
alternative to hospital treatment for residents of aged care facilities
presenting with NHAP.
Ncause of admissions to hospi-
tal of people living in residential aged
care facilities (RACFs); most studies
have found that it accounts for the
majority of non-trauma-related acute
hospital admissions in this popula-
tion.1-9 Dementia, immobility, swal-
lowing problems, diabetes and renal
impairment are typical comorbid-
ities;9-11 disease severity on presenta-
tion is therefore typically greater than
for community-acquired pneumonia,
and in-hospital and 30-day mortality
rates are high, ranging from 10% to
40%.4,9-15 NHAP requires significant
inpatient resources, as the hospital
length of stay for these admissions is
higher than for community-acquired
pneumonia, with published mean
stays of between 7.0 and 18.7 days.9-15

Morbidity is also high in this group of
patients, who are exposed to
increased rates of unintended harm
from complications such as falls and
pressure wounds.9-17

Nevertheless, most NHAP patients
are treated successfully and dis-
charged back to their usual care.7,8,18

Despite growing concerns, most res-
piratory infections in this group
do not involve treatment-resistant
organisms.9-15

Some studies suggest that NHAP
mortality does not differ between
those treated in nursing homes and
those transferred to hospital.19,20

However, these studies may not
adequately match patients with re-
gard to severity of disease, and it is
difficult to ascertain the level of
intervention delivered to NHAP pa-
tients.21,22 Oral therapy (antibiotics,
rehydration) is unlikely to be toler-
ated by an unwell RACF patient with
pneumonia.

Families and patients accept alter-
natives to hospitalisation that
deliver similar care to hospitals.23

Hospital in the Home (HITH)
has been established in Victoria for
20 years. This model of care has been
shown to be safe and efficacious,
including by a randomised study
of mild to moderately severe
community-acquired pneumonia.24,25

Its use has also been described in the
acute management of older patients,
and of patients in nursing homes.26-28

However, we could find no pub-
lished study that specifically exam-
ined the safety and outcome of NHAP
treated in amedically managedHITH
care model. In July 2013, the Royal
Melbourne Hospital established a
mobile x-ray service that enhanced the
capacity of the HITH unit to diagnose
and treat patients with suspected
MJA 203 (11) j
significant lower respiratory tract in-
fections in their nursing homes.

The aim of this studywas to compare
the clinical characteristics, intrave-
nous therapy, treatment safety and
outcomes of NHAP treated solely
by HITH in the nursing home
setting with those of conventional in-
hospital treatment.
Methods

The Hospital in the Home
intervention model
TheRoyalMelbourneHospitalHITH
service is responsible for all acute
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medical and pharmaceutical care,
and acute nursing, pathology and
radiology services for its patients,
who remain inpatients of the hospital
during their HITH stay. The HITH
model provides a 7-day, 24-hour
service, can administer oxygen and
intravenous antibiotics and fluids,
and includes pathology and mobile
radiology services. Medical staff visit
the patient in their residential home
or facility each day, and one or two
daily nursing visits are also made.

Study population
This study was a caseecontrol study
of patients in high-level RACFs who
had been admitted to the Royal
Melbourne Hospital for NHAP be-
tween 1 July 2013 and 31 January
2014. Patients who had been treated
in hospital for more than 48 hours
before their admission to the HITH
unit were excluded. The study pop-
ulation included patients treated for
acute lower respiratory tract infec-
tion (pneumonia, aspiration pneu-
monia, infective exacerbation of
chronic obstructive pulmonary dis-
ease, infective exacerbation of bron-
chiectasis), as identified in the
database of the HITH unit. The con-
trol group included patients with the
same diagnoses, but admitted to
hospital for conventional care during
the study period; they were identi-
fied by coding and patient address
data recorded by the Health Infor-
mation Service of the Royal Mel-
bourne Hospital.

Data
Data were obtained from hospital
medical records, pathology and
radiology systems, and the mobile
x-ray service. Patient demographic
(age, sex), comorbidity (age-adjusted
Charlson comorbidity index),
functional status (modified Barthel
index) and Mini-Mental State Ex-
amination data (if available) were
collected. Clinical features were
described using the McGeer criteria,
and the following laboratory data
collected: white blood cell count,
haematocrit, C-reactive protein,
electrolyte and blood gas levels, and
microbiological findings. Pneu-
monia severity scores (CURB-65,
CORB) were calculated from clinical
MJA 203 (11) j 14 December 2015
observations and pathology at
admission. Information on antibiotic
allergies, dehydration, acute confu-
sion, intensive care unit admission,
inotropic support, non-invasive
ventilation, active resuscitation at-
tempts and advanced care directives
was also obtained from records for
patients in both groups.

Treatment information gathered
from hospital drug charts included
the requirement for intravenous
fluids or supplemental oxygen, and
the duration of intravenous antibiotic
therapy. An allergy mismatch was
recorded when a patient was pre-
scribed a drug to which an allergy
had been noted in their record.
Outcome measures
The primary outcome measure was
hospital length of stay. Acute length
of stay refers to the stay in the acute
ward or HITH; total length of stay
refers to the total hospital stay,
including acute care and any in-
hospital rehabilitation or assess-
ment, such as geriatric evaluation
and management.

Secondary outcome measures in-
cluded 30-day mortality, inpatient
mortality, complications, and read-
mission to hospital within 30 days.
These data were obtained from the
medical records of the hospital and
the RACFs. Complications were clas-
sified as treatment-related (antibiotic
drug-related adverse events, catheter-
related infections) or hospitalisation-
related (reported falls, new pressure
wounds).

Unplanned interruption refers to a
resumed admission to the traditional
ward during the HITH admission,
where such a return had not been
expected or arranged for a procedure
or other intervention. This is a clinical
quality indicator that is routinely
collected by the HITH.
Statistical analyses
This study was designed a priori as
an equivalence analysis. It was pow-
ered to explore the hypothesis that
there was no difference between the
length of stay in either direction for
HITH and control patients, pre-
suming an equivalence limit of
4.5 days. This limit was selected on
the basis of published studies which
suggest that the mean length of stay
for traditional hospital admissions
for NHAP ranges between 7.0 and
18.7 days.10-18 Using the conservative
estimate of a standard deviation of
8 days, derived from the same papers
and our own pilot data, it was esti-
mated that aminimumsample size of
52 patients per groupwas required to
attain a power of 80% for excluding a
difference in mean length of stay of
greater than 5 days, based on non-
overlap of two-sided confidence
intervals.

Categorical variables were summar-
ised as frequencies and percentages,
and compared using c2 or Fisher
exact tests as appropriate. Contin-
uous variables were summarised as
means and SDs or medians and
interquartile ranges (IQRs), and
compared using t- orWilcoxon rank-
sum tests as appropriate. Length of
stay data were compared using me-
dian quantile regression, fully
adjusted for baseline differences.
Logistic regression was used to
study 30-day mortality and read-
mission by group, adjusted for
baseline differences. Appropriate
goodness-of-fit tests were conducted
for regression models.29 For all ana-
lyses, P< 0.05 was defined as statis-
tically significant. All analyses were
conducted with Stata 13 (StataCorp).
Ethics approval
Approval for the study was obtained
from Royal Melbourne Hospital
EthicsCommittee (reference2014050).
Results

Sixty HITH patients and 54 hospital
control patients were identified dur-
ing the study period. The HITH pa-
tients were older (P¼ 0.042), were
less likely to have an advanced care
plan at the time of treatment
(P<0.001), were more likely to be
dehydrated (P¼ 0.06), and were less
likely to have received non-invasive
ventilation support (P¼ 0.01); the
group included more men than
women (P¼ 0.026) (Box 1). There
were no other significant differences
in baseline characteristics between



1 Demographic and baseline characteristics of patients in the Hospital
in the Home and control groups

Hospital in the
Home patients Control patients P

Number of patients 60 54

Median age (IQR), years 86.5 (83e92) 84 (77e98) 0.042

Sex, male 37 (62%) 22 (41%) 0.026

Antibiotic allergy 17 (28%) 17 (31%) 0.714

Median age-adjusted
Charlson comorbidity index
score (IQR)

7 (6e8.5) 7 (5e8) 0.535

Advance care directives 27 (45%) 42 (78%) <0.001

Diagnosis*

Pneumonia/acute lower
respiratory tract infection

50 (83%) 39 (72%) 0.152

Aspiration pneumonia 10 (17%) 15 (28%) 0.152

Chronic obstructive
pulmonary disease,
infective exacerbation

7 (12%) 9 (17%) 0.443

CURB-65 score �3† 41 (68%) 41 (76%) 0.368

CORB score �2‡ 36 (60%) 41 (76%) 0.070

Confusion 43 (72%) 39 (72%) 0.947

Dehydration 40 (67%) 22 (41%) 0.006

Fulfilled McGeer criteria

Pneumonia 32 (53%) 30 (56%) 0.812

Lower respiratory tract
infection

27 (45%) 22 (41%) 0.646

Pneumonia/lower
respiratory tract infection

59 (98%) 52 (96%) 0.498

IQR¼ interquartile range. *Patients could be assigned to more than one diagnostic category.
†Three of: confusion; urea >7mmol/L; respiration >30/min; blood pressure <90mmHg;
age >65 years. ‡Two of: confusion (acute); oxygen saturation �90%; respiration >30/min;
blood pressure <90mmHg (systolic) or <60mmHg (diastolic). u
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the two groups. Thirty-two patients
(53%) were admitted directly into
HITH care without a hospital or
emergency department stay; 25
(42%) had been referred directly from
the emergency department, and
three (5%) were referred from the
hospital’s rapid medical assessment
unit.

Length of stay
There was no difference between
the median lengths of stay of HITH
and control patients after adjusting
for baseline differences (median
regression coefficient, �1.00 days;
95% CI, �2.72 to 0.72; P¼ 0.252).

Management of NHAP
There was no significant difference
between the proportions of
patients in the two groups for
whom blood tests and chest x-rays
were undertaken. Microbiological
specimens were submitted for a
significantly greater proportion of
patients in the control group
(P < 0.001), but there was no dif-
ference in the rate of detection of
specific respiratory pathogens.
Similar proportions of patients in
the two groups were given intra-
venous fluids and supplemental
oxygen. Non-invasive ventilation
was more likely to be used in the
control group (it was not used for
HITH patients). No patient from
either group was mechanically
ventilated. The duration of intra-
venous antibiotic treatment before
switching to oral antibiotics was
significantly longer for HITH pa-
tients (P< 0.001) (Box 2).
The pattern of antibiotic prescribing is
summarised in Box 3. HITH patients
received ceftriaxoneandmoxifloxacin
more often than control patients,
who were more likely to receive azi-
thromycin and metronidazole.

The frequency of antibiotic allergy
mismatch in the two groups was
similar. All except one of the mis-
match cases involved mild or non-
life-threatening mismatches. There
were no reported adverse reactions
associated with antibiotic treatment.

Mortality
There were no significant differences
in overall mortality at 30 days for
the two groups, after adjusting for
baseline differences (adjusted odds
ratio [aOR] for HITH v control pa-
tients, 1.97; 95% CI, 0.67e5.73).
Inpatientmortality forHITHpatients
was lower (aOR, 0.19; 95% CI,
0.05e0.75), but unadjusted post-
discharge 30-day mortality was
higher than for the control group
(OR, 13.25; 95%CI, 1.67e105.75). The
number of deaths by 30 days after
discharge (12 HITH patients, one
control patient), however, limited
logistic modelling to unadjusted
regression, as indicated by the broad
confidence interval. There were no
differences between the two groups
with regard to complications and 30-
day readmission rates after adjusting
for baseline differences (aOR, 1.59;
95% CI, 0.30e8.53) (Box 4).

One HITH patient had to return to
hospital because the nursing home
withdrew their consent for HITH
treatment, despite the continuing
consent of the family.

Discussion

This study describes the differences
between the treatment of NHAP in a
traditional hospital setting andwhen
wholly managed in a medically
intense HITH setting supported by a
mobile x-ray service. There was evi-
dence that the severity of the HITH
cases of NHAP was similar to that of
cases admitted to hospital with this
condition, and our results suggest
that the length of stay for these two
treatment options may be compara-
ble. It was also found that, after
MJA 203 (11) j 14 December 2015 1.e3



2 Investigation and management of patients with nursing
home-acquired pneumonia

Hospital in the
Home patients

Control
patients P

Number of patients 60 54

Blood tests 57 (95%) 53 (98%) 0.620

Radiological investigations

Chest x-ray 51 (85%) 52 (96%) 0.057

Presence of consolidation 32 (53%) 31 (57%) 0.662

Microbiological investigations

Microbiological specimen sent 25 (42%) 39 (72%) 0.001

Respiratory specimen sent 9 (15%) 17 (32%) 0.036

Respiratory pathogens identified 6 (10%) 6 (11%) 0.847

Intravenous fluids 50 (83%) 40 (74%) 0.226

Oxygen supplementation 41 (68%) 44 (82%) 0.108

Non-invasive ventilation support 0 6 (11%) 0.010

Median duration (range) of
intravenous antibiotic treatment
before switch to oral treatment, days

4 (0e12) 2 (0e5) <0.001

Allergy mismatch 4 (7%) 4 (7%) 1.000

Intensive care unit admission 0 0 NA

Inotropic support 0 0 NA

Resuscitation 0 0 NA

NA¼not applicable. u
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adjustment for baseline differences,
there were no significant differences
between the 30-day mortality rates
and those of readmission to hospital
for the two approaches. This suggests
that the HITH model is effective and
safe for this group of patients. The
3 Drug selection for initial treatment
home-acquired pneumonia

Drug
Hospital
Home pa

Ceftriaxone 54 (58

Azithromycin 14 (15%

Moxifloxacin 12 (13%

Metronidazole 9 (10%

Benzyl-penicillin 1 (1%

Gentamicin 1 (1%

Vancomycin 1 (1%

Cefazolin 0

Clindamycin 0

Piperacillin/tazobactam 0

Meropenem 0

Total prescriptions 93

MJA 203 (11) j 14 December 2015
outcomes we report are consistent
with those reported in the interna-
tional literature.

The median length of stay (reported
instead of the mean because of the
skewed nature of the data) was
of patients with nursing

in the
tients

Control
patients P

%) 41 (44%) 0.044

) 23 (25%) 0.028

) 1 (1%) 0.002

) 15 (16%) 0.095

) 5 (5%) 0.100

) 0 1.000

) 3 (3%) 0.343

1 (1%) 0.474

1 (1%) 0.474

2 (2%) 0.222

1 (1%) 0.474

92
shorter than expected in both groups,
but the mean total hospital length of
stay for the control groupwas within
the range reported for NHAP by
other studies.9-15

There are several possible explana-
tions for the finding that in-hospital
mortality among HITH patients was
lower. First, traditional hospitals
may be more forceful in applying
rigid limits to the duration of treat-
ment, withdrawing active therapy
earlier than in the HITH setting.
Prolonging intravenous antibiotic
treatment for HITH cases may im-
prove short-term clinical responses.
Second, the hospital generally pro-
vides palliation services until the
death of the patient, while HITH
patients were often discharged to
their usual care providers after active
treatmentwas stopped andpalliation
had begun. Finally, the process of
transfer to hospital may accelerate
clinical deterioration in this frail
group.

There are potential challenges to the
validity of our findings. Despite the
matching of patients and adjustment
for baselinedifferences, thiswasnot a
randomised study. We cannot,
therefore, exclude the possibility that
the two groups differed with regard
to other variables, known or un-
known, that could account for our
findings. Selection of a patient into
the HITH group may have been
based on the awareness of HITH on
the part of the attending doctor or the
referring nursing home, thewishes of
the patient or their family, or may
have been influenced by the avail-
ability of a hospital bed at the time of
presentation. The reasons for not
transferring a patient to HITH in this
study could include family reluc-
tance to consider an alternative to
traditional hospital care; the unwill-
ingness of the patient’s RACF to
accept HITH, or a lack of awareness
or will on the part of the treating
emergency department doctors of
HITH; further unknown or unmea-
sured markers of disease severity; or
the time of presentation. The cluster
of RACFs that allowed HITH may
have influenced the outcomes
(although only one facility refused
ongoing HITH, and then only once).
These factorsmay all have influenced



4 Outcomes for patients with nursing home-acquired pneumonia

Hospital in the
Home patients Control patients P

Number of patients 60 54

Median acute care length of
stay (range), days

4 (1e12) 4 (1e28) 0.959

Total length of stay (range),
days

4 (1e12) 4 (1e81) 0.841

Mean total length of stay in
hospital, days

5 10

Complications

Antibiotic-related 0 2 (3.7%) 0.222

Catheter-related 0 0 NA

Falls 0 2 (3.7%) 0.222

Pressure wounds 0 0 NA

Mortality

Inpatient 4 (6.7%) 17 (31.5%) 0.001

30-day 12 (20%) 1 (1.9%) 0.002

Overall in 30 days 16 (26.7%) 18 (33.3%) 0.437

Readmission within 30 days 6 (10%) 3 (5.6%) 0.496

Unplanned hospital admission 1 (1.7%) NA NA

NA¼not applicable. u

Research
the outcomesmeasuredbyour study,
and caution is required in their
interpretation.

HITH offers a partnership in which
the RACF provides the sick resident
with the usual supportive care, while
the HITH provides acute hospital-
level intervention. A high level of
care was provided: daily medical
visits from doctors employed by the
hospital; in most cases, twice daily
visits by nurses; intravenous fluids
and antibiotic treatment, blood tests
and x-rays, and 24-hour cover. This
study found only one episode where
HITH care was terminated by the
nursing home before completion,
and none in which it was ended by
the family. This might suggest that
families and the RACFs found the
intervention acceptable, but we did
not specifically measure satisfaction
in this study.

The global impact of NHAP is so-
bering: there are more than 4 million
cases annually, at a median rate of
1.0e3.2 cases per 1000 bed-days and
600 000 emergency admissions.9,11 In
2013, the Australian Institute of
Health and Welfare found that per-
manent RACF patients accounted for
31 760 acute hospital admissions for
pneumonia in Australia during the
2008e09financial year.30 The authors
of the report assumed a mean hospi-
tal length of stay of 7 days for pneu-
monia, which amounts to 222 320
hospital bed-days for 2008e09, or
609 fully occupied Australian hospi-
tal beds for patients with NHAP. The
potential impact of moving some of
those patients into HITH care would
be substantial.

It is a challenge for hospitals to
reconsider the best place to deliver
acute care for specific segments of the
population. Simply reducing hospi-
tal stays for severely unwell patients
is not always acceptable. Systems are
designed around traditional admis-
sion procedures, and alternatives are
often not sufficiently prominent or
adequately resourced to make a sig-
nificant impression on the usual
processes. However, the proportion
of the hospital workload associated
with treatingRACFpatientswill only
increase. HITH may provide a tar-
geted and effective hospital response
that can deliver equivalent quality
care without extending the patient’s
length of stay. This requires well
resourced, intensive, medically
based HITH, supported by hospital-
level technologies, such as intrave-
nous therapies, expert staff and
mobile x-ray facilities, as well as the
willingness to meet the challenge of
switching care models for the high
level of disease severity with which
these patients inevitably present.
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