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BACKGROUND: The “hospital-at-home” model may provide adequate care without an adverse
effect on clinical outcome, and is generally well received by users. Our objective was to compare
hospital-at-home and in-patient hospital care for neuromuscular disease (NMD) patients with
respiratory tract infections. METHODS: We conducted a prospective randomized controlled trial
in a university teaching hospital offering secondary care service to a population of approximately
500,000. We recruited selected NMD patients with respiratory tract infection for whom hospital
admission had been recommended after medical assessment. Hospital-at-home was provided as an
alternative to in-patient admission. The main outcome measures were need for hospitalization,
treatment failure, time to recovery, death during the first 3 months following exacerbation, and cost
of patient care. RESULTS: Among 59 consecutive NMD patients eligible for the study, 53 met the
criteria for hospital-at-home. Twenty-six subjects were randomized to home care and 27 to hospital
care. No significant differences were found in treatment failure (8/26 vs 13/27, P ⴝ .19), time to
recovery (8.9 ⴞ 4.6 vs 9 ⴞ 8.9 d, P ⴝ .21), or mortality at 3 months (3/26 vs 4/27 deaths, P ⴝ .42)
between the groups. Hospital-at-home failure was independently correlated with type of NMD
(P ⴝ .004) with an odds ratio of failure of 17.3 (95% CI 2.1 to infinity) for subjects with amyotrophic lateral sclerosis. The total and daily direct cost of patient healthcare was significantly lower
for the subjects who were successfully treated at home, compared to the hospitalized individuals.
CONCLUSIONS: Hospital-at-home is an effective alternative to hospital admission for selected
NMD patients with respiratory tract infections. Key words: neuromuscular disorder; acute respiratory
failure; noninvasive ventilation; hospital at home; amyotrophic lateral sclerosis; respiratory-tract infection. [Respir Care 2013;58(12):2061–2068. © 2013 Daedalus Enterprises]

Introduction
“Hospital at home” is defined as “a service that provides active treatment by healthcare professionals, in the
patient’s home, of a condition that otherwise would require acute hospital in-patient care, always for a limited
period.”1
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In recent years, hospital-at-home services have reached
widespread diffusion for patients with a variety of conditions, including exacerbation of COPD, diabetes (uncontrolled or ketoacidosis), congestive heart failure, and
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recovery from stroke or from surgery for hernia or hip
replacement.1,2
The development of the hospital-at-home model is based
on the overwhelming finding that this scheme may provide
adequate care without an adverse effect on clinical outcome, and the fact that it is generally better received by
users, since patients managed at home express greater satisfaction with care than those in hospital.2,3 In addition,
although the economic effects of home care programs are
still controversial, studies have reported that hospital in the
home can be associated with substantial cost savings.4,5
Respiratory tract infection is the most common cause of
hospitalization for neuromuscular disease (NMD) patients,
punctuating the clinical course of these individuals and
triggering over 90% of episodes of acute respiratory failure.6 Acute respiratory failure may be caused by airway
mucus accumulation, atelectasis, and, ultimately, blood gas
derangement, and can require intensive respiratory assistance and close monitoring.7
Uncontrolled clinical trials have shown that respiratory
tract infections in NMD patients can be effectively managed by a home-care protocol based on the combination
of continuous noninvasive ventilation (NIV), intensive
manually and/or mechanically assisted cough, and arterial
oxygen saturation (SpO2) monitoring, preventing or reversing oxyhemoglobin desaturation, and reducing the need
for hospitalization, intubation, and tracheotomy.8,9
Based on these encouraging results and the observation
that avoidance of hospital admission is a highly valued
outcome for NMD individuals, maintaining the independence of the patient and his/her family and increasing their
quality of life,10 we were prompted to evaluate the efficacy
and safety of a hospital-at-home model for the management of respiratory tract infections in NMD patients. To
this end we analyzed the clinical course of 26 subjects
with advanced NMD who developed severe respiratory
tract infection requiring hospital admission and were treated
at home, and compared the results with the outcomes of
27 patients who received conventional hospital care. In
particular, we hypothesized that hospital-at-home for selected NMD patients might have an impact on clinical
outcome similar to standard in-patient hospitalization, and
that the application of the hospital-at-home model might
reduce the direct costs of patient care.

QUICK LOOK
Current knowledge
“Hospital at home” is defined as a service that provides
active treatment by health care professionals, in the
patient’s home, of a condition that otherwise would
require hospitalization.
What this paper contributes to our knowledge
Hospital at home was an effective alternative to hospital admission for selected patients with neuromuscular
disease and respiratory tract infection. The total and
daily direct cost care was significantly lower for the
patients who were successfully treated at home, compared to the hospitalized patients.

vided with written information about the study and gave
their informed consent to be assisted by the hospital-athome program; those younger than 18 years of age reached
this decision in accordance with their parents.
Subjects

This study was approved by the institutional review
board of our ethics committee.
We evaluated the clinical course of 26 NMD subjects
suffering from severe respiratory tract infection who were
treated with a hospital-at-home program, and compared
their outcomes with the outcomes of a population of 27
subjects who were hospitalized. The subjects were pro-

We conducted the study at the Respiratory Pathophysiology Division of the City Hospital of Padova. All consecutive NMD patients who were referred to the emergency department of our hospital or to the out-patient clinic
of our division between January 2009 and December 2011
with respiratory tract infection and urgent need for hospitalization were recruited.
The diagnoses of NMD were based on standard clinical,
enzymatic, electromyographic, DNA, and biopsy data. The
diagnosis of respiratory tract infection was based on the
presence of one or more of the following symptoms or
signs: fever, throat irritation or sore throat, hoarseness, and
cough. The accumulation of airway mucus was defined as
the coexistence of auscultatory ronchi and oxyhemoglobin
desaturation (SpO2 ⬍ 95%).8,11 The diagnosis of pneumonia was based on the concomitant presence of infiltrates on
chest x-ray. Urgent need for hospitalization was defined as
the occurrence of one of: difficulty in breathing; need for
continuous noninvasive ventilatory support; or oxyhemoglobin desaturation with need for assisted cough.8
We excluded patients showing any of the following exclusion criteria: requirement for critical care with 24-hour
surveillance; living outside the geographic area covered
by our district nurse service; no non-professional caregivers or caregiver networks at home; and presence of an
advance directive declining to undergo intubation and/or
cardiopulmonary resuscitation.
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Anthropometric, Clinical, Pulmonary Function, and Blood Gas Data at Study Entry

Male/female, no.
Age, y
Body mass index, kg/m2
Type of neuromuscular disease, no.
Amyotrophic lateral sclerosis
Other
Previously on long-term NIV, no.
Hospitalizations in past 3 y, no.
Cardiomyopathy and/or arrythmia, no.
FVC, L
Peak expiratory flow, L/s
PaO2, mm Hg
PaCO2, mm Hg
SaO2, %
Hypercapnia (PaCO2 ⬎ 45 mm Hg), no.
Pneumonia, no.
Fever (temperature ⬎ 38°C), no.
Leukocytosis (white blood cell count ⬎ 12,000 ⫻ 109/L), no.

Hospital-at-Home
n ⫽ 26

Hospitalized
n ⫽ 27

P

17/9
44.6 ⫾ 20.4
21.4 ⫾ 6.5

24/3
46.7 ⫾ 20.2
21.8 ⫾ 4.2

.051
.79
.77

8
18
20
1.04 ⫾ 1.02
7
1.42 ⫾ 1.01
2.77 ⫾ 2.05
69.2 ⫾ 6.7
48.8 ⫾ 4.5
93.7 ⫾ 2.4
19
8
14
12

13
14
24
1.00 ⫾ 1.02
9
1.22 ⫾ 0.83
2.28 ⫾ 1.36
66.8 ⫾ 7
51.8 ⫾ 5.9
93.3 ⫾ 2.9
21
18
13
12

.29
.39
.30
.85
.76
.48
.59
.21
.11
.50
.76
.01
.76
⬎ .99

⫾ Values are mean ⫾ SD.

Recruited subjects were randomized in a ratio of 1:1 to
the hospital-at-home group and the hospitalized group,
using blinded sealed envelopes.

Intervention

Measurements

• NIV was delivered at home by a portable ventilator
(Trilogy 100, Philips Respironics, Murrysville, Pennsylvania) with single-limb circuit and exhalation valve, using the continuous mandatory ventilation mode. At the
start of the protocol the ventilator was adjusted to obtain
a tidal volume of 10 –12 mL/kg and a breathing frequency of ⬍ 25 breaths/min. The ventilator was then
readjusted to maintain SpO2 ⱖ 95%. PEEP was never
applied. An oronasal mask was used with all the subjects
to start NIV, and then, in some cases, substituted by a
nasal mask after the first few hours of NIV. Colloid
dressings were placed on the major pressure points to
minimize skin injury. NIV was initially delivered continuously, except for 30 – 60 min periods of “rest” to
allow the subject to receive liquid dietary supplements,
drink water, and speak. After the first 24 – 48 hours, if
clinical conditions and blood gas exchange were satisfactory, the application of NIV was interrupted by progressively longer intervals of spontaneous breathing. In
all cases, nocturnal ventilation via nasal mask was continued until the end of the follow-up period.

Subjects in the hospital-at-home group were treated according to the following treatment protocol:

Baseline characteristics of the 2 groups are compared in
Table 1. The following data were recorded at study entry:
anthropometrics, type of NMD (listed as amyotrophic lateral sclerosis [ALS] or other NMD, due to peculiar clinical
features of ALS), long-term use of home NIV, number of
respiratory hospitalizations during the 3 years preceding
recruitment, the presence of a cardiomyopathy and/or arrythmia, peak expiratory flow and FVC obtained from
pulmonary function testing done within about 1 year of
recruitment, arterial blood gas results, and the presence of
pneumonia, fever (temperature ⬎ 38°C), or leukocytosis
(white blood cell count ⬎ 12,000 ⫻ 106/L). All subjects
were followed until recovery from exacerbation, defined
as relief of respiratory distress and return of SpO2 baseline
to ⱖ 95% during spontaneous breathing.9 The time to
recovery and the vital status at the end of the follow-up
period were also recorded. For subjects in the hospitalized
group, the time to recovery was considered the hospital
stay. Need for hospitalization was recorded for the hospital-at-home group. Vital status at 3 months after exacerbation was also determined via telephone calls to subjects
of both groups.

• Manually and/or Mechanically Assisted Cough. The
following techniques were used to improve secretion
clearance, depending on the subject’s clinical status and
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level of cooperation. Manually assisted cough was employed to provide an optimal insufflation, followed by
an abdominal thrust in conjunction with the subject’s
coughing efforts. The portable ventilator was used to
deliver the deep insufflations.12 Mechanically assisted
cough was delivered in the presence of stiffness of the
chest wall (ie, severe thoracic deformity or obesity) and to
subjects unable to fully perform deep insufflation. A mechanical device (Pegaso Cough, DIMA Italia, Bologna,
Italy) was applied via face mask. The device has a 2-stage
axial compressor that provides positive airway pressure
then rapidly shifts to negative pressure, thereby generating a rapid expiration. The insufflation and exsufflation pressures and timing were independently adjusted
according to efficacy and subject tolerance. Generally,
pressures between 30 and ⫺40 cm H2O were applied.8
Typically, a session of assisted cough was provided
whenever SpO2 decreased, the ventilator peak inspiratory
pressure increased, or the subject had an increase in
dyspnea or sense of retained secretions. Assisted cough
treatments were usually repeated until one or more of
the following were observed: reduction in dyspnea; reduction in breathing frequency; sputum elimination;
increased SpO2. Manually assisted cough and mechanically assisted cough were administered for the first 3
days of the home care protocol by a respiratory therapist
who visited the subjects each morning, and by nonprofessional caregivers (ie, the subject’s home care attendant or a family member) trained in the application of
the device. Subsequently, assisted cough was independently administered by home caregivers. The daily treatment frequency was recorded in a diary by the district
nurse and/or the non-professional caregivers. At the start
of the treatment protocol, the non-professional care attendants received information, instruction, and training
on cough assistance from respiratory therapists of our
division. The training was usually conducted over 3 consecutive days, and consisted of learning how to use NIV,
mechanically assisted cough and oximetry, identification of respiratory emergencies, and training in basic life
support.
• Continuous SpO2 Monitoring. Hospital-at-home subjects
received pulse oximeters (9500, Nonin, Plymouth, Minnesota), and their caregivers were instructed to perform
oximetry feedback as needed to return SpO2 to ⱖ 95% by
assisted coughing or NIV or both.

subject’s general practitioner, in order to assess the response to therapy and eventually introduce changes.
• District Nurse Visit at Home. A preexisting service of
district nurses visited the subjects mornings and afternoons until recovery from exacerbation. The nurse assessed the subject’s adherence and response to treatment, and could request a pulmonology visit if clinical
progress was unsatisfactory. The district nurse service
included 45 nurses covering an area with a population
of approximately 230,000 people, and was coordinated
by 2 pulmonologists.
• Other Interventions. Subject telephone access to the
pulmonologists of our division was ensured. The subjects’ general practitioners were faxed to inform them of
the subjects being randomized to the hospital-at-home
program.
The pulmonologist, nurse, respiratory therapist, or subject could request hospital admission if they felt that clinical progress was unsatisfactory. Subjects in the hospitalized group were admitted to our division and received
usual care, consisting of the same drugs and all other
supportive measures delivered to the hospital-at-home
group, at the discretion of the ward team. Any subject
who developed persistent full-time ventilator dependence
and/or worsening respiratory distress and severe hypoxemia underwent tracheal intubation and, if necessary,
tracheostomy.
Costs
Costs were calculated for each group from the perspective of our regional health service, such that the cost analysis was restricted to direct healthcare costs. The relevant
categories to be considered in order to estimate patient
costs were:
• Hospital-at-Home Group: home visit by a pulmonologist; home visit by a district nurse; home visit by a
respiratory therapist; daily rental costs for mechanical
cough assist and portable ventilator; antibiotic prescriptions; and telephone calls.
• Hospitalized Group: hospital stay

• Pulmonology Visit at Home. A pulmonologist from our
team visited the subjects each morning for the first 3 days,
and thereafter at the discretion of the district nurses or

Data on use of categories were obtained for each subject
during the follow-up period.
A second step was the evaluation of resource use. The
total cost for each category was calculated as the product
of the number of events multiplied by the unit cost per
event. Unit costs were expressed as year 2010 prices, in
Euros. Costs for pulmonology, visits by the respiratory
therapist and nurse, antibiotic prescriptions, and telephone
calls were directly calculated, using information on labor
costs and market prices. The average hospitalization cost
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• Antibiotic Therapy. Standard pharmacologic treatment
was used, following guidelines for the management of
acute bronchitis or community-acquired pneumonia.13,14
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Anthropometric, Clinical, Pulmonary Function, and Blood Gas Data at Study Entry of Subjects Successfully Treated With the Hospitalat-Home Model Versus Those Who Required Hospital Admission

Male/female
Age, y
Body mass index, kg/m2
Type of neuromuscular disease, no.
Amyotrophic lateral sclerosis
Other
Previously on long-term NIV, no.
Hospitalizations in past 3 y, no.
Cardiomyopathy and/or arrythmia, no.
FVC, L
Peak expiratory flow, L/s
PaO2, mm Hg
PaCO2, mm Hg
SaO2, %
Hypercapnia (PaCO2 ⬎ 45 mm Hg), no.
Pneumonia, no.
Fever (temperature ⬎ 38°C), no.
Leukocytosis (white blood cell count ⬎ 12,000 ⫻ 106/L), no.

Successfully Treated
at Home
n ⫽ 18

Required Hospital
Admission
n⫽8

P

13/5
35.1 ⫾ 16.4
19.8 ⫾ 7

4/4
66.1 ⫾ 7.7
24.9 ⫾ 3.4

.33
⬍ .001
.07

1
17
15
0.61 ⫾ 0.7
7
1.3 ⫾ 0.9
2.49 ⫾ 1.8
69.8 ⫾ 6.1
49.5 ⫾ 4.5
93.9 ⫾ 2.2
14
3
8
7

7
1
5
1.63 ⫾ 0.74
0
1.68 ⫾ 1.2
3.42 ⫾ 2.6
68.9 ⫾ 8.3
47.1 ⫾ 4.2
93.1 ⫾ 3
5
3
4
5

⬍ .001
⬍ .001
.33
.047
.06
.31
.44
.38
.23
.58
.37
.64
⬎ .99
.40

⫾ Values are mean ⫾ SD.

per day in the general ward and/or respiratory ICU was
available in our hospital.
Study End Points and Statistical Analysis

Variables potentially useful in predicting hospital-athome failure were analyzed using the exact logistic regression model, considering that this procedure can adequately
estimate a binary response variable with a small sample
size. We calculated exact odds ratios for significant values
in the univariate and multivariate models.15 The predictor
variables of interest included all data recorded at study
entry. A P value of ⬍ .05 was considered significant.

To assess the efficacy of hospital-at-home, co-primary
study end points were the need for hospitalization in the
hospital-at-home group and treatment failure. Treatment
failure was defined as death or the need for intubation
and/or tracheostomy. Secondary end points were time to
recovery, death during the first 3 months following exacerbation, and cost of care. To our knowledge, this study is
the first specifically aimed at investigating the efficacy
and safety of a hospital-at-home model for the management of severe respiratory tract infections in NMD patients; as a consequence, the results of any previous study
could not be utilized to test an a priori hypothesis on the
expected incidence or magnitude of complications associated with hospital-at-home, or to estimate an appropriate
sample size.
Standard descriptive statistics were used to compare
the baseline demographic and clinical characteristics. Results are expressed as mean ⫾ SD or proportions, as appropriate. The independent unpaired Student t test was
used to compare continuous variables with normal distribution. Nonparametric data were compared using the MannWhitney U test. Categorical variables were compared using the chi-square test or Fisher exact test, when required.

Fifty-nine consecutive NMD patients were identified
as suffering from severe respiratory tract infection and
therefore potentially eligible for the study. Five of those
patients were excluded because they lived outside the
geographic area covered by our district nurse service, and
one other patient had an advance directive refusing intubation and/or cardiopulmonary resuscitation. The remaining 53 patients were recruited. Of the 53 recruited
subjects, 26 were assigned to the hospital-at-home group
and 27 to the hospitalized group. At baseline, the 2 groups
were similar in demographic, clinical, and pulmonary
function characteristics (see Table 1); however, pneumonia as a cause of acute decompensation was more frequent in the hospitalized group (8/26 vs 18/27, P ⫽ .01).
In the hospital-at-home group, 18 (69.2%) responded well,
with an uncomplicated course, and 8 required hospitalization. These 8 hospitalized individuals differed from the
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Outcomes and Direct Costs of Healthcare of Subjects Treated With the Hospital-at-Home Model Versus Hospitalized Subjects
Hospital-at-Home

Hospitalized

P

8
8
8.9 ⫾ 4.6
3
€542 ⫾ €258.5
€65.3 ⫾ €18.6

13
9 ⫾ 8.9*
4
€8,890 ⫾ €10,992.7
€1,060 ⫾ €592.5

.19
.21
.42
⬍ .001
⬍ .001

Subjects who required hospitalization, no.
Treatment failure, no.
Time to recovery, mean ⫾ SD d
Death at 3-month follow-up, no.
Total cost of patient care, Euros
Daily cost of patient care, Euros
* For the hospitalized subjects, the time to recovery was considered the hospital stay.

others in that they were older (66.1 ⫾ 7.7 y vs 35.1 ⫾ 16.4 y,
P ⬍ .001) and more frequently presented with ALS as
baseline disease (7/8 vs 1/18, P ⬍ .001). They also had
more hospitalizations during the 3 years preceding recruitment (1.63 ⫾ 0.74/y vs 0.61 ⫾ 0.7/y, P ⫽ .047)
(Table 2).
With regard to reasons for hospitalization, 3 subjects in
the hospital-at-home group required intubation due to persistent mucus encumbrance and severe hypoxemia, and
subsequently underwent tracheostomy. Three other subjects developed persistent full-time ventilator dependence
and required 24-hour surveillance in our respiratory ICU.
Two additional subjects required insertion of a central venous catheter and infusion of parenteral nutrition, due to
insufficient oral food intake.
The outcomes are compared in Table 3. Treatment failure, time to recovery, and mortality during the 3-month
follow-up did not significantly differ (see Table 3).
By multivariate analysis, hospital-at-home failure was
independently correlated with type of NMD (P ⫽ .004),
with an odds ratio of failure of 17.3 (95% CI 2.1 to infinity) for subjects with ALS. None of the other covariates
had any significant effect on hospital-at-home failure.
Total and daily direct cost of patient healthcare was
significantly lower for the 18 subjects in the hospital-athome group who were successfully treated at home than
for the hospitalized subjects: €542 ⫾ €258.5 vs
€8,890 ⫾ €10,992.7 (P ⬍ .001) and €65.3 ⫾ €18.6 vs
€1,060 ⫾ €592.5 (P ⬍ .001), respectively. The district
nurse service was the major cost for the subjects treated at
home (€320 ⫾ €118.5).

This is the first time, to our knowledge, that the efficacy
of a hospital-at-home model for managing NMD patients
with respiratory tract infection has been prospectively evaluated in a controlled study. Our major conclusion is that
for such patients home hospitalization is as effective as
conventional hospital care, according to the observation
that the proportion of individuals who had a complicated

clinical course leading to intubation and/or tracheostomy
was similar to that of the hospitalized group, and that both
time to recovery and mortality at 3-month follow-up did
not significantly differ in the 2 groups. Although the failure rate of approximately 30% for our home-based model
seems high, it is in line with previous studies in the hospital setting, which reported treatment failure in the range
20 –50% of subjects, and concluded that respiratory tract
infections are a major cause of morbidity and mortality for
this population.16,17
Even though our hospital-at-home scheme proved to be
effective for most NMD individuals who met our inclusion
criteria, the fact that more than one in 4 of our subjects
could not be managed at home and needed hospital admission justifies our policy of careful home monitoring
and makes it necessary to prospectively identify patients
who are at risk of failing at home, in order to adopt appropriate selection criteria. Our analysis of subject characteristics associated with hospital-at-home failure concluded that the type of NMD is of critical importance,
and that ALS subjects have an over 17-fold higher risk
of hospital-at-home failure than do subjects with other
NMDs, and their proportion among subjects who failed
hospital-at-home was significantly greater than among
those who responded well. This is in accord with previous reports that a noninvasive approach based on NIV
and mechanically assisted cough can be problematic or
even ineffective in ALS subjects, because bulbar dysfunction causes inability to protect the upper airway, which
creates a risk of aspiration of food and saliva.16,18 Our
subjects who failed our hospital-at-home were significantly older than those who were successfully managed
at home, although we cannot exclude that in the hospitalat-home group age may be a surrogate for other factors,
such as comorbidities, which could have influenced outcome. However, concomitant chronic disease has not
been found to have an important impact on the outcome
of ALS patients who develop exacerbation.19 Finally,
our subjects who failed hospital-at-home had a higher
hospitalization rate due to a respiratory problem during
the 3 years before study enrollment, supporting the hy-
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pothesis that this “frequent exacerbator” phenotype is at
high risk of failing home care and probably will require
hospitalization.
Considering the changes that have occurred in healthcare in the last decade, in particular the emphasis on quality of life, cost containment, and the fact that family members have become an integral part in the home-care of
severely disabled NMD patients,20 we based our hospitalat-home model on the idea that family caregivers could
acquire sufficient knowledge and skill to manage their
NMD relative in case of respiratory complication. Our
results show that this scheme can be effective and that
non-professional caregivers can play a critical role in the
transition of the care of NMD patients with pulmonary
exacerbation from hospital to home, providing complex
care that includes medical and nursing tasks.
In our experience, the average cost of hospital-at-home
was impressively lower than hospital care: approximately
€8,300 per patient, which is in line with previous studies
on home treatment for COPD exacerbation and stroke.21-23
In our study the cost savings are at least partially explained
by the fact that the care was largely carried out by trained
family members, reducing labor cost, which is a large
proportion of hospital cost.24

preferentially consider conventional hospital care for
ALS patients with respiratory tract infection.
• Hospital-at-home substantially reduces costs, compared
to hospitalization.
Based on these findings, we believe that effort should
be expended to transform the management of respiratory
tract infection in NMD individuals from hospitalization to
home-care, with the caveat that proper patient selection is
critical.
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