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Background: Acutely ill older persons often experience adverse
events when cared for in the acute care hospital.

Objective:

To assess the clinical feasibility and efficacy of providing acute hospital-level care in a patient’s home in a hospital at
home.

Design:

Prospective quasi-experiment.

3 Medicare-managed care (Medicare ⴙ Choice) health
systems at 2 sites and a Veterans Administration medical center.

Setting:

Participants: 455 community-dwelling elderly patients who required admission to an acute care hospital for community-acquired pneumonia, exacerbation of chronic heart failure, exacerbation of chronic obstructive pulmonary disease, or cellulitis.
Intervention:

Treatment in a hospital-at-home model of care
that substitutes for treatment in an acute care hospital.

Measurements:

Clinical process measures, standards of care,
clinical complications, satisfaction with care, functional status, and
costs of care.

A

lthough the acute care hospital is the standard venue
for providing acute medical care, it is expensive and
may be hazardous for older persons, who commonly experience functional decline, iatrogenic illness, and other adverse events during care (1–3). Providing acute hospitallevel care in a patient’s home is an alternative to hospital
care (4, 5). Although several hospital-at-home models have
been studied, there is controversy regarding the effectiveness of this method. In part, this reflects heterogeneity
among hospital-at-home models (6). A recent Cochrane
review examined surgical and medical early hospital discharge models, terminal care, and admission avoidance,
that is, substitutive models. Overall, no differences were
found in health outcomes. Patients, but not caregivers, had
increased satisfaction with hospital-at-home care, and there
was some evidence that substitutive models may be costeffective (7). However, with some exceptions (8), most of
these models would be difficult to distinguish from augmented skilled nursing services, community-based longterm care, or home-based primary care services in the
United States. In addition, most studies have been done in
countries with single-payer national health insurance systems (7–14).
Previous research in the United States has been limited

Results:

Hospital-at-home care was feasible and efficacious in
delivering hospital-level care to patients at home. In 2 of 3 sites
studied, 69% of patients who were offered hospital-at-home care
chose it over acute hospital care; in the third site, 29% of patients
chose hospital-at-home care. Although less procedurally oriented
than acute hospital care, hospital-at-home care met quality standards at rates similar to those of acute hospital care. On an
intention-to-treat basis, patients treated in hospital-at-home had a
shorter length of stay (3.2 vs. 4.9 days) (P ⴝ 0.004), and there
was some evidence that they also had fewer complications. The
mean cost was lower for hospital-at-home care than for acute
hospital care ($5081 vs. $7480) (P < 0.001).

Limitations: Possible selection bias because of the quasi-experimental design and missing data, modest sample size, and study
site differences.

Conclusions: The hospital-at-home care model is feasible, safe,
and efficacious for certain older patients with selected acute medical illnesses who require acute hospital-level care.
Ann Intern Med. 2005;143:798-808.
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to a pilot study of a physician-led substitutive hospital-athome model for older persons with acute medical illness
(15). The aim of our study was to evaluate the safety,
efficacy, clinical and functional outcomes, patient and caregiver satisfaction, and costs of providing acute hospitallevel care in a hospital at home that substituted entirely for
admission to an acute care hospital for older persons.

METHODS
Patients

The target sample was community-dwelling persons,
age 65 years and older, who lived in a catchment area and
who, in the opinion of a physician not involved in the
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study, required admission to an acute care hospital for 1 of
4 target illnesses: community-acquired pneumonia, exacerbation of chronic heart failure, exacerbation of chronic obstructive pulmonary disease, or cellulitis. Patients were required to meet validated criteria of medical eligibility for
hospital-at-home care (16), which were designed to identify patients who would be medically suitable for this type
of treatment. The most common reasons for medical ineligibility were uncorrectable hypoxemia (oxygen saturation ⬍90%), suspected myocardial ischemia, and presence
of an acute illness, other than the target illness, for which
the patient was required to be hospitalized.
Study Design

This study was a prospective quasi-experiment conducted in 2 consecutive 11-month phases. During the
acute care hospital observation phase (1 November 1990 to
30 September 2001), eligible patients were identified and
followed through usual hospital care. Study coordinators
verified the patient’s eligibility for hospital-at-home care
using a standard protocol at the time of enrollment. During this observation phase of the study, most patients were
identified the morning after admission. These patients
made up the acute hospital observation comparison group.
During the intervention phase (1 November 2001 to 30
September 2002), eligible patients were identified at the
time of admission and were offered the option of receiving
their care in hospital at home rather than in the acute care
hospital. Patients who chose hospital-at-home treatment
were never admitted to the acute care hospital but received
treatment, after initial evaluation (usually in the emergency
department), in their home. The intervention group comprised all patients eligible for hospital-at-home care, irrespective of where they were treated.
Approval

The institutional review boards from each study site,
the coordinating center, and officials at the Center for
Health Plans and Providers at the Centers for Medicare &
Medicaid Services (CMS) gave their approval for the study.
All participants provided informed written consent.
Study Sites

The study was conducted in 3 Medicare managed care
(Medicare ⫹ Choice) plans at 2 sites and at a Veterans
Administration medical center. Univera Health and Independent Health, in Buffalo, New York, are Medicare ⫹
Choice plans that operate in an independent practice association model. These 2 plans collaborated to provide hospital-at-home care and made up 1 study site (site 1). The
Fallon Health Care System (site 2), in Worcester, Massachusetts, operates a not-for-profit Medicare ⫹ Choice
plan, and the Fallon Clinic, a for-profit multispecialty physician group, provides care on a capitated basis to Medicare
⫹ Choice beneficiaries. The Portland, Oregon, Veterans
Administration Medical Center (site 3) is a quaternary care
and teaching facility.
www.annals.org
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Context
Hospital care for older people often means iatrogenic
complications and a decline in function. Home hospital
care might reduce these adverse outcomes.

Content
Patients were 65 years of age or older and required hospital care for pneumonia, heart failure, chronic obstructive
pulmonary disease, or cellulitis. In phase I, they were hospitalized. In phase II, they could choose home hospital
care (continuous nursing care followed by at least daily
visits from a nurse and a physician). Sixty percent of patients chose home hospital care. Patients who received this
type of care had shorter stays; fewer procedures, consultations, and indwelling devices; less delirium; greater satisfaction; and similar functional outcomes.

Cautions
The study was nonrandomized, and data were missing.

Conclusion
Home hospital care may be a good alternative for selected
patients.
—The Editors

Assessments

Age, gender, and primary diagnosis were obtained for
all eligible patients. Informed written consent was required
for all additional data collection: medical record review,
cost data review, and interviews. Staff trained at the coordinating center used standard procedures outlined in a detailed training manual to conduct all interviews, assessments, and medical record reviews. At baseline, interrater
reliability was verified among the staff. Quality checks of
medical record reviews were done midway through the
study. Interrater reliability for ratings on the components
of the daily patient interview was confirmed in 13 paired
observations ( ⫽ 0.91). Interrater reliability among study
sites was similar.
Medical Record Reviews

Medical records were abstracted by using a standardized instrument that captured illness acuity, health status,
medication use, results of laboratory tests, treatments, the
hospital course and complications, health outcomes, and
whether treatment standards were met. Illness acuity was
determined by using the Acute Physiology and Chronic
Health Evaluation II (APACHE II) score (17). Health status was measured by using clinical indicators appropriate
to the diagnoses, a checklist of chronic medical conditions,
and the Charlson comorbidity index (18). Medication use
was defined as the number of prescribed medications taken
on a daily basis at the time of admission. Diagnostic and
therapeutic interventions were categorized as potentially
“difficult” or “not difficult” to do in the home. The patient’s clinical course was characterized according to
6 December 2005 Annals of Internal Medicine Volume 143 • Number 11 799
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whether emergency situations (those that required physician evaluation within 30 minutes, such as the development of acute shortness of breath) or critical complications
(death, transfer to intensive care setting, intubation, or
myocardial infarction) occurred. Clinical care was examined with regard to completion of illness-specific standards
of care (19 –21).
Eligible patients who consented to participate completed a baseline interview that included demographic information, self-reported health status, assessment of sleep,
Katz activities (22), Lawton instrumental activities of daily
living (23), continence, mobility, the Geriatric Depression
Scale (24), Jaeger vision test, the Mini-Mental State Examination (MMSE) (25), the Digit Span Test (26), and evaluation by the Confusion Assessment Method (CAM) (27).
Subsequently, patients were evaluated daily until discharge
by using a structured interview consisting of the MMSE,
Digit Span Test, and CAM rating. A family member, caregiver, or person who knew the patient well was interviewed
at the time of admission to complete the modified Blessed
Dementia Rating Scale (28). At 2 weeks after admission,
patients and family members were interviewed by telephone to obtain the patient’s current functional status and
to assess his or her satisfaction with care.
Intervention: The Hospital-at-Home Model of Care

The hospital-at-home model of care has been described previously (15). Briefly, a patient requiring admission to the acute care hospital for a target illness was identified in an emergency department or ambulatory site and
his or her eligibility status was determined. Nonstudy medical personnel, usually emergency department physicians,
made the decision to hospitalize the patient. All patients
who were offered but who declined hospital-at-home care
were admitted to the acute care hospital.
After informed consent was obtained, the patient was
transported home by an ambulance. Patients were evaluated by the hospital-at-home physician either in the emergency department or shortly after arriving at home. Patients who required oxygen therapy were sent home with a
portable oxygen apparatus pending delivery of home oxygen therapy. The hospital-at-home nurse met the ambulance at the patient’s home. The patient had subsequent
direct one-on-one nursing supervision for an initial period
of at least 8 hours at site 3 and for a period of 24 hours at
sites 1 and 2.
When direct nursing supervision was no longer required, the patient had intermittent nursing visits at least
daily. The hospital-at-home physician made at least daily
home visits and was available 24 hours a day for urgent or
emergent visits. Nursing and other care components, such
as durable medical equipment, oxygen therapy, skilled
therapies, and pharmacy support, were provided by a partner Medicare-certified home health agency, and for some
services, such as home radiology, support was provided by
independent contractors. A Lifeline device (Lifeline Sys800 6 December 2005 Annals of Internal Medicine Volume 143 • Number 11

tems Inc., Framingham, Massachusetts) was placed in the
home of any patient who did not have a family member
present. Diagnostic studies, such as electrocardiography
and radiography; intravenous fluids, intravenous antimicrobial agents, and other medications; and oxygen and
other respiratory therapies were provided at home. Illnessspecific hospital-at-home care maps, clinical outcome evaluations, and specific discharge criteria were developed and
provided a pathway for care. The patient was followed by
the same hospital-at-home physician until his or her condition was stable enough for discharge, at which time care
reverted to the primary care physician.
Outcomes

Process-of-care measures included time to first physician visit in the home, arrival of the nurse, and delivery of
oxygen or medications. Additional process outcomes included hours of one-on-one nursing supervision, mean
number of physician and intermittent nursing visits, treatments received, use of consultative services, and whether
illness-specific standards of care were met.
Clinical outcomes included emergency situations and
critical complications and various complications, including
incident delirium. Incident delirium was defined as the
acute onset and fluctuating course of symptoms of delirium, inattention, and either disorganized thinking or an
altered level of consciousness according to the CAM criteria (27). Subsyndromal delirium was defined as the acute
onset and fluctuating course of symptoms of delirium and
either inattention or disorganized thinking or an altered
level of consciousness (29). Each CAM feature was rated
by study nurses on the basis of observations made during
daily interviews. Incident delirium was defined as present
or absent. Adjudication of delirium ratings was done by 2
independent reviewers who were unaware of the participant’s study group. Satisfaction with care was measured by
using a modified Picker Hospital Survey (30). A summary
score was derived based on satisfaction with admission and
discharge processes; relations with physician, nurses, and
staff; and safety, comfort, and pain control (patients only).
Possible scores ranged from 0 to 9 and 0 to 8 for patients
and family members, respectively. Functional status was
measured by using a summary score for activities of daily
living (range, 0 to 5) and for instrumental activities of daily
living (range, 0 to 7).
Costs of care were calculated. In the Medicare ⫹
Choice settings, we obtained data from the managed care
organizations on the total amounts paid by the plan and by
the patients during the index hospitalization in either the
acute care hospital or the hospital-at-home setting. For the
Veterans Administration medical center, we obtained an
estimate of the costs of each patient’s care based on a stepdown approach that allocates overhead charges in addition
to the costs of care directly associated with the patient. We
chose to use these amounts to focus on the cost for which
www.annals.org
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Figure. Patient flow and data availability by study phase and site.

*

*

* Consented at least to medical record review and review of cost data. † Consented to review of medical records and cost data and completed baseline
interview and 2-week follow-up interview. ‡ Not approached for hospital-at-home treatment because hospital at home was not open for admissions
between 10:00 p.m. and 6:00 a.m.

each payer in the current financing system was responsible.
For hospital-at-home care, the costs of staff were included.
Safety Monitoring

Each of the study sites convened a patient safety committee that reviewed hospital-at-home cases. A Coordinating Center Data Safety Monitoring Board met 3 times
during the intervention phase.
Statistical Analysis

We conducted exploratory analyses to examine all
baseline demographic and health status characteristics at
each study site. A priori, we conducted a pooled analysis of
participants from the 3 study sites. In addition, we calculated the results from individual study sites.
All analyses were done on an intention-to-treat basis,
in which participants from the observation group who
were treated in the acute care hospital were compared with
participants in the intervention group, regardless of
whether they were treated in hospital at home or in the
acute care hospital. A complete-case analysis was conwww.annals.org

ducted and assumed that data were missing completely at
random. The respective proportion of participants in the
observation and intervention groups across study sites who
consented to review of costs and medical records (82% vs.
78%), who consented to the baseline interview (66% vs.
67%), and who completed a 2-week follow-up telephone
interview (51% vs. 57%) were similar. Thus, this assumption seemed reasonable, although for end points with substantial amounts of missing data, such as incident delirium,
satisfaction with care, and function, bias cannot be ruled
out and results must be interpreted cautiously.
We evaluated the effect of the intervention on clinical
complications by using logistic regression for dichotomous
variables with sufficient numbers of events; otherwise, the
Fisher exact test is reported. We dichotomized a variable
for site comparing site 2 versus sites 1 and 3. This was
justified because relatively few participants in the intervention phase received actual hospital-at-home care at site 2.
The unadjusted model examines the effect of the interven6 December 2005 Annals of Internal Medicine Volume 143 • Number 11 801

Improving Patient Care

Hospital at Home

tion. We then controlled for study phase and the interaction between site and study phase. The interaction term
was never statistically significant and thereafter was not
included as a covariate. In the adjusted model, the following covariates were added on the basis of differences in
participant characteristics and factors that we postulated
could influence clinical outcomes: age, gender, APACHE
II score, and study site.
The analysis of incident delirium was limited to participants who did not have prevalent delirium at the time
of admission and who had 2 or more CAM assessments:
173 patients in the observation group and 127 in the intervention group. There were no differences in delirium
risk factor profiles between patients with 2 or more CAM
assessments and those with only 1 CAM assessment. A
proportional hazards model, as well as Kaplan–Meier analysis and the log-rank test, were used to compare the cumulative incidence of delirium, which was defined as the
probability that delirium would develop by a specified
time. Assumptions of the proportional hazards model were
tested and were met. A similar approach was taken for
covariate selection as for other outcomes, except for the
inclusion of additional specific delirium risk factors of visual impairment, cognitive impairment, and dehydration.
Satisfaction data were explored. Differences in the median number of domains in which patients or caregivers
were satisfied were examined by study phase by using Wilcoxon rank-sum tests. To test for the effect of covariates,
scores were dichotomized as at or above versus below the
median and were controlled for in the logistic regression
analysis. Covariates for patient satisfaction were Geriatric
Depression Scale score, more than 1 limitation in activities
or instrumental activities of daily living, primary diagnosis,
a caregiver who was limited in at least 1 activity or instrumental activity of daily living, or a low MMSE score; covariates for family member satisfaction were patient living
at the poverty level, primary diagnosis, having a child as a
caregiver, or number of prescription medications being
taken.

The change in scores for activities of daily living and
instrumental activities of daily living was computed by taking the difference in scores between the baseline interview
that assessed functional status 2 weeks before admission
and the interview done 2 weeks after admission. Linear
regression was used to control for covariates.
To compare costs, the mean amount paid by treatment method was combined across all 3 sites. We adjusted
for inflation to September 2002 levels by using separate
monthly consumer price index indicators for hospital and
professional costs, including the costs of hospital-at-home
staff. Because of the non-normal distribution, the statistical
significance of differences in amount paid was tested by
using nonparametric bootstrapping (1000 repetitions) with
bias-corrected 95% CIs. Target accrual for the study was
pragmatic.
All analyses were conducted using SAS, version 8.2
(SAS Institute, Inc., Cary, North Carolina), or Stata, version 8.0 (Stata Corp., College Station, Texas).
Role of the Funding Sources

The funding sources had no role in the design, conduct, or reporting of the study or in the decision to submit
the manuscript for publication.

RESULTS
The Figure shows patient groups by study phase and
by site. During the observation phase, there were 1251
patients in the target sample. Three hundred forty-nine
(28%) were medically eligible for the study, of whom 286
(82%) consented to data collection; these made up the
acute care hospital observation group. During the intervention phase of the study, there were 985 patients in the
target sample, of whom 214 (22%) were medically eligible
for the study. Of these patients, 141 were approached
about receiving their care in hospital at home. Eighty-four
received their care in this setting (overall, 60% of those
approached—71% at site 1, 29% at site 2, and 68% at site
3), 57 patients declined hospital-at-home care, and 73 pa-

Table 1. Treatment Status in Intervention Phase and Data Availability by Study Phase and Site
Variable

Site 1
Site 2
Site 3
Total by
phase

Observation Phase

Intervention Phase

Total
Eligible,
n

Consented to
Data Collection,
n (%)*

Completed
2-Week
Interviews,
n (%)†

Total
Eligible,
n

Consented
to Data
Collection,
n (%)*

Completed
2-Week
Interviews,
n (%)†

Treated in
Hospital
at Home,
n

Declined
Hospitalat-Home
Treatment,
n

Not
Approached
for Hospitalat-Home
Treatment, n‡

Offered
Hospitalat-Home
Treatment,
%§

Accepted
Hospitalat-Home
Treatment,
%㥋

81
158
110
349

56 (69)
135 (85)
95 (86)
286 (82)

38 (47)
75 (48)
66 (60)
179 (51)

57
71
86
214

42 (74)
47 (66)
80 (93)
169 (79)

24 (42)
28 (39)
69 (80)
121 (57)

30
10
44
84

12
24
21
57

15
37
21
73

74
48
77
66

71
29
68
60

* Consented to at least medical record review and review of cost data.
† Consented to review of medical records and cost data; completed baseline interview; and completed 2-week follow-up interview.
‡ Not approached for hospital-at-home treatment because the patient required admission at times when hospital at home was not open for admissions (between 10:00 p.m.
and 6:00 a.m.).
§ Defined as the number of participants treated in hospital at home ⫹ the number who declined hospital-at-home treatment/total number of intervention participants.
㛳 Defined as the number of participants treated in hospital at home/number of participants offered hospital-at-home treatment.
802 6 December 2005 Annals of Internal Medicine Volume 143 • Number 11
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Table 2. Baseline Characteristics of Study Participants*
Variable

Mean age (SD), y
Gender (male), % (n)
Race (white), % (n)
Income (lives in poverty),
% (n)†
Education (less than or
equal to high school),
% (n)†
Live alone, % (n)†
Any impairment in ADLs,
% (n)†
Any impairment in IADLs,
% (n)†
Mean MMSE (SD)‡
Code status DNR, % (n)
Self-reported health (fair or
poor), % (n)†
Mean of chronic medical
conditions (SD), n
Mean Charlson comorbidity
index (SD)§
Mean medications used as
outpatient (SD), n
Mean APACHE II score
(SD)㛳
Primary admission
diagnosis, % (n)
Pneumonia
COPD
Cellulitis
CHF

All Sites

Site 1

Site 2

Site 3

Observation
Group
(n ⴝ 286)

Intervention
Group
(n ⴝ 169)

P
Value

Observation
Group
(n ⴝ 56)

Intervention
Group
(n ⴝ 42)

Observation
Group
(n ⴝ 135)

Intervention
Group
(n ⴝ 47)

Observation
Group
(n ⴝ 95)

Intervention
Group
(n ⴝ 80)

77.3 (6.6)
66 (111)
90 (257)
11 (23)

77.2 (7.0)
58 (165)
86 (145)
19 (25)

0.812
0.092
0.192
0.027

76.2 (7.1)
41
80
15

76.2 (7.0)
36
79
11

78.5 (6.7)
40
96
7

80.3 (6.4)
40
87
9

76.4 (5.8)
93
86
13

75.8 (6.8)
96
89
27

34 (78)

36 (50)

0.651

33

41

40

39

25

33

43 (122)
44 (100)

33 (55)
45 (63)

0.022
0.821

45
37

43
57

47
38

38
31

38
56

25
46

65 (149)

64 (90)

0.852

57

70

66

63

68

62

25.5 (4.2)
16 (47)
45 (102)

25.2 (4.4)
17 (28)
41 (57)

0.522
0.970
0.471

26.6 (3.6)

25.1 (5.9)

24.9 (3.9)

25.1 (3.9)

25.2 (4.7)

25.2 (3.9)

37

47

43

27

52

45

5.8 (2.7)

5.9 (2.5)

0.608

5.2 (3.1)

5.9 (3.0)

5.3 (2.3)

5.4 (2.4)

6.9 (2.7)

6.3 (2.2)

3.1 (2.0)

3.0 (1.8)

0.849

2.7 (2.3)

2.7 (1.6)

2.6 (1.6)

2.5 (1.8)

3.9 (2.1)

3.5 (1.8)

6.8 (3.9)

8.1 (4.5)

0.002

6.5 (4.3)

6.4 (3.7)

6.2 (3.2)

5.8 (3.0)

7.9 (4.4)¶

10.4 (4.6)

12.6 (2.9)

11.6 (3.4)

0.006

12.8 (4.3)

11.4 (3.7)

12.4 (3.7)

11.9 (3.6)

12.8 (3.9)¶

11.5 (3.1)

31 (89)
32 (92)
12 (34)
25 (71)

32 (54)
28 (48)
18 (30)
22 (37)

0.853
0.400
0.082
0.478

43¶
16¶
16
25

21
33
19
26

29¶
38
13
20

47
30
9
15

27
34
7¶
32

28
25
23
24

* ADLs ⫽ activities of daily living; APACHE ⫽ Acute Physiology and Chronic Health Evaluation; CHF ⫽ chronic heart failure; COPD ⫽ chronic obstructive pulmonary
disease; DNR ⫽ do not resuscitate; IADLs ⫽ instrumental activities of daily living; MMSE ⫽ Mini-Mental State Evaluation.
† Data from patient interview denominators vary as follows for the observation and intervention groups, respectively: income: 216, 131; education: 230, 138; lives alone: 278,
167; ADLs: 230, 141; IADLs: 230, 141; self-reported health: 229, 140.
‡ Higher score indicates higher level of cognitive function.
§ Higher score indicates increasing level of comorbid conditions.
㛳 Higher score indicates increasing level of illness acuity.
¶ P ⱕ 0.050 comparing the observation phase with the intervention phase at the site.

tients were not approached to enroll in hospital-at-home
during the intervention phase of the study because hospital
at home was not open for admissions between 10:00 p.m.
and 6:00 a.m. Treatment status in the intervention phase
and data availability by study phase and site are described
in Table 1. The consent and complete case rates probably
reflect the relatively low incentive to participate in a study
with a relatively high interview burden for patients in the
observation group as a whole and for patients in the intervention group who were treated in the acute care hospital.
Other operative factors may have included a more amenable research sample at the Veterans Administration medical
center (site 3) and a higher proportion of African-American patients at site 1 who were less willing to participate in
the research. Neither death nor active withdrawal from the
study contributed to these rates. In addition, an analysis of
characteristics of participants who completed all data collection through the 2-week follow-up interviews showed
that they did not differ substantially from the characteriswww.annals.org

tics of participants who declined any type of data collection
at the site level or in the aggregate in each study phase.
Characteristics of the study samples are shown in Table
2. Overall, patients were elderly, white, and had a high burden
of functional impairments and comorbid illnesses. Patients in
the observation group and those in the intervention group
were similar, but patients in the intervention phase were more
likely to live in poverty, live alone, take more prescription
medication on a daily basis as an outpatient, and have a lower
illness acuity score. Aggregate differences among participants
at sites 1, 2, and 3, respectively, were limited to age (76.2 years
vs. 78.9 years vs. 76.1 years; P ⬍ 0.001), proportion of male
participants (39% vs. 40% vs. 94%; P ⬍ 0.001), proportion
of white participants (80% vs. 94% vs. 87%; P ⫽ 0.002),
number of comorbid conditions (5.5 vs. 5.3 vs. 6.6; P ⬍
0.001), and number of prescription medications used (6.4 vs.
6.1 vs. 9.0; P ⬍ 0.001). Within-site differences between the
observation and intervention phases are described in Table 2.
Clinical care measures, including measures of hospital6 December 2005 Annals of Internal Medicine Volume 143 • Number 11 803
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Table 3. Comparison of Clinical Care Measures in Observation and Intervention Groups*
Variable

All Sites
Observation
Group
(n ⴝ 286)

Mean time between arrival
home and
hospital-at-home
physician evaluation
(range) [SD],
h‡§
Mean time to arrival of
nurse at home, (range)
[SD], h‡
Mean time to arrival of
oxygen at home
(range) [SD], h‡
Mean time to arrival of
initial set of medications
at home (range) [SD],
h‡
Mean continuous nursing
(range) [SD], h‡㛳
Mean physician visits per
day (range) [SD], n‡
Mean intermittent nursing
visits per day (range)
[SD], n‡
Mean time spent in
emergency department
(range) [SD], h
Admitted from emergency
department, % (n)
Mean length of stay (SD),
d
Median length of stay
(interquartile range), d ¶
Oxygen, % (n)
Intravenous antibiotics,
% (n)
Nebulized bronchodilators,
% (n)
Intravenous fluids,
% (n)††
Foley catheter, % (n)
Any difficult procedures,
% (n)‡‡
Mean difficult procedures
(SD), n
Mean consultation (SD), n
Any patient with ⱖ1
consultation, % (n)

Intervention
Group
(n ⴝ 169)

Site 1

Site 2

Site 3

P Value†

Observation Intervention
Group
Group
(n ⴝ 56)
(n ⴝ 42)

Observation Intervention
Group
Group
(n ⴝ 135)
(n ⴝ 147)

Observation Intervention
Group
Group
(n ⴝ 95)
(n ⴝ 80)

NA

1.8 (0–4.5) [1.0]

NA

NA

1.9 (0–4.2) [1.0]

NA

2.1 (1.3–3.5) [0.7]

NA

1.6 (0–4.5) [1.1]

NA

0.3 (0–3.3) [0.6]

NA

NA

0.3 (0–0.3) [0.7]

NA

0.3 (0–2.0) [0.7]

NA

0.3 (0–1.8) [0.4]

NA

2.2 (0–12) [3.6]

NA

NA

0.7 (0–2.3) [0.8]

NA

0.6 (0–1.4) [0.7]

NA

3.3 (0–12.0) [4.4]

NA

1.1 (0–4.8) [1.2]

NA

NA

0.8 (0–3.7) [1.1]

NA

0.6 (0–3.0) [1.1]

NA

1.3 (0–4.8) [1.3]

NA

16.9 (0–71) [14.6]

NA

NA

NA

13.5 (3.0–43.0) [8.1]

NA

1.5 (0.8–2.0) [0.3]

NA

NA

17.7 (0–71.0) [20.1] NA
1.4 (0.8–2.0) [0.4]

NA

1.1 (1.0–1.3) [0.3]

NA

1.6 (1.2–2.0) [0.3]

NA

1.4 (0–5.3) [0.9]

NA

NA

1.6 (0–5.3) [1.3]

NA

1.2 (0–3.0) [0.9]

NA

1.3 (0–2.5) [0.6]

5.5 (1.0–21.3) [3.2]

6.4 (1.8–11.6) [1.9]

0.001

NA

6.4 (2.5–11.0) [2.0] NA

6.5 (5.2–7.8) [1.1]

NA

6.4 (1.8–10.5) [1.9]

85

90

91 (256)

91 (148)

0.995

4.9 (9.9)

3.2 (2.5)

0.004

3.0 (2–5)

2.0 (2–4)

⬍ 0.0001

76 (217)
76 (217)

73 (123)
76 (128)

0.463
0.964

82
89¶

76
74

79
79

77
85

67
64

69
71

49 (140)

49 (83)

0.974

48

50

61

58

33

44

27 (76)

18 (31)

0.046

32**

5

23**

38

28**

14

23 (67)
65 (185)

14 (23)
32 (54)

0.011
⬍ 0.001

16
54**

12
7

30
67

23
57

19
68**

9
30

1.5 (1.8)

0.7 (1.2)

⬍ 0.001

1.5 (1.5)
70 (201)

0.8 (1.3)
36 (60)

⬍ 0.001
⬍ 0.001

8.0 (20.8)

3.6 (2.7)

4 (3–7)**

1.0 (1.5)**

96

29.1 (18.0–50.0) [11.0]

89

4.1 (4.3)

3 (2–4)

87

3.6 (2.6)

3 (2–5)

3 (2–5)

0.1 (0.5)

1.5 (1.8)

1.3 (1.6)

1.7 (1.6)** 0.3 (0.6)
70**
19

1.3 (1.3)
69

1.4 (1.6)
58

92

4.4 (3.8)**

2.7 (2.1)

3 (2–5)**

2.0 (2.0)**

2 (2–3)

0.6 (1.1)

1.8 (1.7)** 0.7 (1.2)
73**
31

* NA ⫽ not applicable.
† P value comparing observation versus intervention groups combined across sites.
‡ Applies only to the 84 patients in the intervention group who received hospital-at-home treatment.
§ Includes values of 0 for patients seen in the emergency department by a hospital-at-home physician.
㛳 Includes values of 0 for patients who declined continuous nursing care.
¶ P value by Wilcoxon rank-sum, for median length of stay.
** P ⱕ 0.050 comparing the observation phase with the intervention phase at the site.
†† Excluding patients with a primary diagnosis of chronic heart failure.
‡‡ “Difficult” procedures to accomplish at home: continuous cardiac telemetry; radiologic studies, such as computed tomography, magnetic resonance imaging, echocardiography, or ultrasonography; exercise stress test; ventilation–perfusion scan; Holter monitor; endoscopic procedure; thoracentesis; paracentesis; blood product transfusion; and
medications, such as intravenous heparin or intravenous nitroglycerin, that are difficult to administer in the home.

at-home feasibility, are shown in Table 3. Process outcomes for patients who received hospital-at-home care in
the aggregate and at the site level show that this model was
feasible: Nurses and physicians arrived promptly, and systems to deliver oxygen and medications functioned well
and met standards established by the investigators. The
mean and median lengths of stay for patients who received
hospital-at-home care were substantially shorter than those
for patients who were treated in the acute care hospital,
with the shortest hospital-at-home length of stay at site 3.
Care processes usually associated with hospital-level care,
such as oxygen therapy, intravenous antibiotics, and nebulized bronchodilators, were used at similar rates. However,
patients treated in the hospital at home were less likely to
804 6 December 2005 Annals of Internal Medicine Volume 143 • Number 11

receive intravenous fluids, have a urinary catheter, have a
“difficult” procedure performed, or have a consultation of
any sort. At the site level, these differences were seen at
sites 1 and 3 but not at site 2, where few patients received
actual hospital-at-home care. At site 2, there were no statistically significant differences between the observation
and intervention groups, except for the increased use of
intravenous fluids in patients in the intervention group.
This may have been related to the increased proportion of
patients in the intervention group with community-acquired pneumonia who were treated at site 2. Illness-specific standards of care were met in similar proportions in
both study groups at the aggregate and site levels (Table 4).
Complications experienced by patients in each of the
www.annals.org
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study groups are described in Table 5. The rate of incident
delirium, including subsyndromal delirium, was 9% in the
intervention group and 24% in the observation group.
This difference remained significant in survival analyses
(adjusted hazard ratio, 0.26 [95% CI, 0.12 to 0.57]).
These results should be interpreted cautiously because data
on delirium were not available for 42% of the sample. In
addition, patients in the intervention group were less likely
to have a sedative medication prescribed (adjusted odds
ratio, 0.49 [CI, 0.30 to 0.81]). The small number of several outcomes precluded adjusted analyses. However, in the
intervention group, there was a reduction in the use of
chemical restraints, a trend toward reduction in the use of
physical restraints, fewer critical complications, and a lower
death rate. Again, at the site level, these differences were
most apparent at sites 1 and 3. Two patients who initially
received hospital-at-home care completed their treatment
in the acute care hospital. One patient with chronic obstructive pulmonary disease had an episode of oxygen desaturation that did not respond initially to intensive bronchodilator treatment. Another patient with pneumonia
insisted on using the bathroom alone, despite the presence
of a nursing assistant. He fell and sustained a thoracic vertebral burst fracture, from which he recovered well.
Satisfaction of patients (median, 7 vs. 6 domains; P ⬍
0.001) and family members (median, 6 vs. 5 domains; P ⬍
0.001) was greater in the intervention group and remained
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statistically significant when controlled for covariates. In
unadjusted and adjusted analyses, there were no differences
in change in activities of daily living (0.04 vs. 0.09; P ⫽
0.711) or in status of instrumental activities of daily living
scores between the observation and intervention groups at
2 weeks (⫺0.07 vs. 0.14; P ⫽ 0.280). Given that satisfaction and functional outcomes were missing for 47% of
participants, these results should be interpreted with caution because of the potential for bias.
The mean amounts paid for the index hospitalization
for patients in the observation group and those in the intervention group were $7480 (SD, $8112) and $5081
(SD, $4427), respectively. Use of a nonparametric bootstrapping (31) approach to test for differences showed a
difference in the amount paid for the index hospitalization
at all 3 study sites (mean, $2398 [CI, $1376 to $3631]).
The results from the bootstrapping approach did not differ
from those of the parametric tests.
Eight weeks after admission, there were no differences
in use of health services between the patients in the observation and intervention groups regarding mean number of
emergency department visits (0.23 vs. 0.22; P ⫽ 0.846),
mean number of inpatient hospital readmissions (0.28 vs.
0.27; P ⫽ 0.892), mean number of admissions to skilled
nursing facilities (0.15 vs. 0.18; P ⫽ 0.511), or mean number of home health visits (1.80 vs. 1.78; P ⫽ 0.971).

Table 4. Comparison of Illness-Specific Standards of Care in the Observation and Intervention Groups*
Variable

Community-acquired pneumonia
(n ⴝ 143), n
Antibiotics within 8 hours of
admission, % (n)
Blood cultures obtained before
administration of antibiotics,
% (n)
Chronic heart failure (n ⴝ 108), n
Documentation of left ventricular
function, % (n)
Use or consideration of use of
angiotensin-converting enzyme
inhibitor or angiotensin-receptor
blocker, % (n)
Use or consideration of use of
␤-blocker, % (n)
COPD (n ⴝ 140), n
Use of corticosteroids, % (n)
Use of nebulized bronchodilators,
% (n)
Use of antibiotics, % (n)
Cellulitis (n ⴝ 64), n
Antibiotics within 8 hours of
admission, %(n)
Blood cultures obtained before
administration of antibiotics,
% (n)

Observation
Group
(n ⴝ 286)

Intervention
Group
(n ⴝ 169)

Site 1

Site 2
Intervention
Group
9

Observation
Group
39

Site 3

89

54

Observation
Group
24

Intervention
Group
22

Observation
Group
26

Intervention
Group
23

96 (85)

93 (50)

100

89

97

91

89

96

61 (54)

52 (28)

63

56

56

36

65

65

71
65 (46)

37
57 (21)

14
36

11
9

27
41

7
57

30
100

19
84

68 (48)

78 (29)

50

73

48

43

93

95

66 (47)

78 (29)

43

73

52

71

90

84

92
88 (81)
82 (75)

48
85 (41)
85 (41)

9
89
89

14
93
100

51
90
90

14
79
79

32
84
66

20
85
80

72 (66)

79 (38)

67

86

78

93

63

65

34
100 (34)

30
97 (29)

9
100

8
100

18
100

4
75

7
100

18
100

50 (17)

47 (14)

67

38

44

50

43

50

* The illness-specific standards of care examined were as follows: for community-acquired pneumonia, administration of antibiotics within 8 hours of admission and whether
blood culture specimens were obtained before antibiotics were administered (28); for chronic heart failure, documentation of left ventricular function, use or consideration
of use of angiotensin-converting enzyme inhibitor or angiotensin-receptor blocker for patients with systolic dysfunction, and use or consideration of use of ␤-blocker (27);
for COPD, use of corticosteroids, use of nebulized bronchodilators, and the use of antibiotics (26); for cellulitis, administration of antibiotics within 8 hours of admission
and whether blood culture specimens were obtained before antibiotics were administered. COPD ⫽ chronic obstructive pulmonary disease.
www.annals.org
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Table 5. Comparison of Clinical Complications Experienced by Participants in the Observation and Intervention Groups*
Variable

Incident delirium (full
and subsyndromal)㛳
Sedative medication use
Bowel complications
Emergency situations
(patients with ⱖ 1)
Chemical restraints
Urinary complications
Fall
Physical restraints
Nosocomial infection
Death
Critical complications
(patients with ⱖ 1)
Transfer from hospital at
home to acute
hospital

All Sites

Site 1

P
Value§

Observation
Group
(n ⴝ 286),
n (%)

Intervention
Group
(n ⴝ 169),
n (%)

Unadjusted
Odds Ratio
(95% CI)†

Adjusted
Odds Ratio
(95% CI)‡

42 (24)

12 (9)

0.44 (0.23–0.83)

0.26 (0.12–0.57)¶

28**

85 (30)
47 (16)
31 (11)

27 (16)
15 (9)
10 (6)

0.45 (0.28–0.73)
0.50 (0.27–0.92)
0.52 (0.25–1.08)

0.49 (0.30–0.81)
0.57 (0.30–1.07)
0.62 (0.29–1.34)

20 (7)
18 (6)
6 (2)
6 (2)
6 (2)
7 (3)
16 (6)

3 (2)
5 (3)
2 (1)
0 (0)
1 (0.6)
0 (0)
0 (0)

NA

2 (2)

0.014
0.128
0.72
0.089
0.267
0.050
⬍0.001

Observation
Group
(n ⴝ 56),
%

Site 2

Intervention
Group
(n ⴝ 42),
%

Site 3

Observation
Group
(n ⴝ 135),
%

Intervention
Group
(n ⴝ 47),
%

Observation
Group
(n ⴝ 95),
%

8

18

18

18**

5

21
11
16**

12
7
2

31
19
8

23
13
12

32**
17**
12

14
8
4

4
4
4
4
2
0
5

0
5
2
0
0
0
0

11
11
2
2
3
3
4

6
4
0
0
2
0
0

4
1
2
1
1
3
7**

0
1
1
0
0
0
0

NA

2

NA

2

NA

Intervention
Group
(n ⴝ 80),
%

0

* NA ⫽ not applicable.
† Odds ratio for intervention effect.
‡ Odds ratio for intervention effect adjusted for age, gender, Acute Physiology and Chronic Health Evaluation II score, and site.
§ Fisher exact test probability reported.
㛳 Denominators for delirium restricted to patients without prevalent delirium at the time of admission and to patients with ⬎1 Confusion Assessment Method assessment.
173 patients in the observation group and 127 patients in the intervention group, hazard ratio reported.
¶ With additional specific delirium risk factors added as covariates: visual impairment, Mini-Mental State Examination ⬍24, dehydration.
** P ⱕ 0.050 comparing the observation phase with the intervention phase at the site.

DISCUSSION
To our knowledge, this is the first study of a hospitalat-home model in the United States that substitutes entirely for acute hospital care. The data suggest that this
model is feasible and efficacious. In 2 of 3 sites studied,
69% of acutely ill older persons who were medically eligible and who were offered hospital-at-home care opted for
this type of treatment. Patients received timely hospitallevel care at home that met quality standards. Compared
with patients treated in the acute care hospital, those
treated in the hospital at home had fewer important clinical complications, including use of sedative medications,
use of chemical restraints, and incident delirium. Patient
and family member satisfaction was higher in the hospitalat-home setting. In addition, the average amount paid for
patients who received hospital-at-home care was lower than
the amount paid for those who received care in the acute
hospital setting.
In the literature, the definition of hospital at home is
controversial (32). Most studies focus on outpatient intravenous infusion models and early hospital discharge
schemes (5, 7). There have been fewer studies of substitutive hospital-at-home models in which patients avoid admission to an acute care hospital (5, 7–10, 13, 15). Compared with previous studies and models of substitutive
hospital at home, our study is unique in several respects.
First, our hospital-at-home model provided greater medical
supervision than reported in previous studies. In most
models, physician evaluation of patients in their homes is
uncommon. For example, a recent systematic review of
hospital-at-home care for patients with chronic obstructive
pulmonary disease examined 7 studies, none of which pro806 6 December 2005 Annals of Internal Medicine Volume 143 • Number 11

vided substantial physician involvement (33). In the current model, the patients had at least daily physician visits at
home. Studies suggest that physician involvement may be
crucial in ensuring patient acceptance of hospital-at-home–
type care in the United States (34, 35). In addition, patients had initial one-on-one nursing care for an extended
period (mean, 16.9 hours), followed by at least daily home
visits by a nurse, and 24-hour physician coverage for urgent clinical situations. Overall, substantial medical supervision was appropriate because of the nature of the patients
and their illnesses and could not have been provided in a
timely manner with standard community-based home care
services. Second, the current model provided an intensive
level of medical services not offered in many studies of
hospital-at-home care. For example, 78% of patients who
were treated at hospital at home received oxygen therapy,
whereas previous studies would have excluded patients who
required oxygen (13) and another study would have excluded patients who required intravenous therapy or fulltime nursing care (9). Third, we reported on a wide range
of outcomes, including clinical outcomes, satisfaction,
function, and costs. Fourth, we demonstrated lower rates
of complications, including incident delirium. An Australian study of patients who received hospital-at-home care
reported a statistically significant decrease in delirium by
reviewing medical records for evidence of “confusion” (13).
In our study, the more rigorous assessment of the delirium
outcome using the CAM probably better reflects the true
rates of incident delirium and suggests that the care environment and process play a role in causing delirium (36).
In addition, data for other clinical complications showed
reduced odds ratios, although many were not statistically
www.annals.org
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significant in adjusted analyses. This may reflect a true lack
of differences in these outcomes or a lack of power to
detect such differences. Fifth, we examined process measures, use of hospital procedures and consultations, and
standards of care to understand how the process of hospital-at-home care differs from acute hospital care and to
demonstrate that the former type of care is less procedurally oriented while still maintaining appropriate care standards. Finally, our hospital-at-home model was implemented simultaneously in several types of health systems.
The study has important limitations. Patients were not
randomly assigned to treatment, and differences between
study groups may be attributable to selection bias. However, we used a highly conservative intention-to-treat analysis, which may have attenuated reported effects of the
hospital at home, and adjusted clinical outcomes for differences in patient characteristics. In addition, although
approximately 80% of participants consented to review of
medical records and cost data, smaller proportions consented to interviews and contributed data to the analysis of
outcomes, such as incident delirium, satisfaction, and function. This may have introduced additional bias into the
results, although patients with complete and missing data
were similar according to known characteristics.
The study experience at site 2 is instructive. The recruitment experience at site 2 differed from that of the
other study sites, with a lower rate of patients treated in
hospital at home and a higher rate of patients not approached for this type of treatment. There are several possible explanations for this, including the development of
disease management programs launched in that health system during the study, a local nursing shortage that precluded that site’s ability to coordinate the one-on-one
nursing care required to start a hospital-at-home admission, and other unmeasurable organizational factors. We
do not believe that the staff model–type arrangements at
site 2 were a factor and, in fact, submit that such an integrated health care delivery system may be ideal for implementation of hospital-at-home care.
Temporal trends may have affected the study. This is
reflected in the decline in the target sample between the 2
study phases, which may have been attributable to a mild
influenza season during the intervention phase (37), the
implementation of case management interventions at some
study sites that may have effectively reduced the need for
hospital admissions, or both. Because the hospital-at-home
model we studied was limited to patients with 4 diagnoses
and was done at several Medicare ⫹ Choice plans and a
Veterans Administration medical center, the results may
not be generalizable to the treatment of patients with other
illnesses, other samples of older persons, or other health
systems.
Despite these limitations and the need for continued
rigorous research in this area, our study shows that an
innovative substitutive hospital-at-home model for selected
older patients with common acute medical conditions is
www.annals.org
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feasible and efficacious in selected health care systems. As
the U.S. population ages and the burden of chronic disease
and demand for acute hospital services increase, we believe
that hospital at home, as a hospital-based unit, can play an
important role in the health care system of the future.
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