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ABSTRACT

Background: Several studies demonstrated
clinical and economic benefits of hospital-at-
home (HaH), but using different methods,
study groups, and indications, the results are
unequivocal. Our systematic review and
meta-analysis include only randomized-
controlled studies comparing outcomes of
HaH with those of regular in-patient
hospitalizations.

Aim: To compare outcomes of HaH with
those of regular hospitalization.

Methods: English Medical literature
searches were conducted for Hospital-at-
Home compared to In-Hospital
hospitalization in randomized, controlled
studies (RCTs). Searches were performed in
PubMed, EMBASE, Scopus, and
CENTRAL. Meta-analysis was performed
and pooled odds ratios (ORs) and 95%
confidence intervals (95% CIs) were
calculated. Heterogeneity was evaluated and
1% statistic was used to measure the proportion

of inconsistency in individual studies. We
also calculated a potential publication bias.

Results: 14 randomized controlled studies
representing 43 sub-studies were selected
according to the inclusion criteria. The odds
ratio of "hospital-at-home" and "in-hospital"
comparison was 0.638 95% CI 0.512 to
0.796. In the issues of clinical outcomes,
HaH was found to be non-inferior than a
regular hospital, but much better in patient
preference with OR 0.396 95% CI 0.277 to
0.566 for worse outcomes. Heterogeneity and
inconsistency were small, with no significant
publication bias.

Conclusion: This meta-analysis showed that
HaH may be recommended for patient
hospitalization when needed, according to
the specific indications and patients
matching to HaH criteria.

INTRODUCTION
Hospital-at-Home (HaH) is a term that

describes hospitalization at home as a
substitute for regular inpatient
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hospitalization. This form of hospitalization
became popular recently, during the COVID-
19 pandemic, following the development of
new home monitoring devices, enabling
remote telehealth procedures.! This method
opens access to tertiary academic centers for
remote populations and advances treatment
equity. HaH became available in countries
such as Australia, China, and the USA,
affecting peripheral, remote populations, far
away from advanced, modern services.? To
be hospitalized at home the patient should be
respiratory and hemodynamically stable. The
decision of regular or home hospitalization
may be taken according to clinical protocols,
specific rules, and definitions, which may
differ according to local regulations. HaH
facilities provide medical care for acute
conditions or exacerbation of chronic
diseases and usually include monitoring,
nursing, physician clinical care, diagnostic
care, and treatment.

Several studies demonstrated clinical
and economic benefits of HaH, but using
different methods, study groups, and
indications, the results are unequivocal, and
further studies are needed.”® Proving the
non-inferiority of HaH outcomes from
regular in-patient hospitalization is of utmost
importance since hospitals are over-crowded
with patients and HaH might be an excellent
solution for relieving the pressure from the
health systems. In addition, it may have the
advantage of preventing nosocomial
infections, falls, delirium, and many other
hazards waiting for hospitalized elderly
patients.””

Our systematic review and meta-
analysis include only randomized-controlled
studies comparing outcomes of HaH with
those of regular in-patient hospitalizations.
We looked at post-discharge outcomes such
as mortality, readmission, admission to the
emergency department, general practitioner
attendance, secondary care appointments,
satisfaction, preference statements,
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functional status, instrumental activities,
living at home, and living in long-term
residential care.

METHODS

Identification
Extraction.
We searched the PubMed, EMBASE,
Scopus, and CENTRAL databases until
31.12.2023 to identify human studies written
in English. The following search text and/or
Medical Topic Heading (MeSH) terms were
used: Virtual hospital OR Virtual Wards OR
Hospital-at-Home OR HaH [All Fields] AND
"In-Hospital" [MeSH Terms]. To retrieve
original studies, a manual search of all review
articles and editorials was also done. Hand
searches included articles bibliography. This
meta-analysis was performed according to
the PRISMA extension statement for
interventions.'”

of Studies and Data

Selection criteria - primary endpoints
Inclusion and exclusion criteria were decided
upon before starting the study investigation.
Appropriate studies were included provided
the following criteria were met: a. Complete
articles with data that can be extracted; b.
Written in  English, and c. Comparing
hospitalization outcomes between HAH and
In-hospital. Studies that did not meet these
criteria were excluded. In addition, studies of
pediatric HaH, admission prevention, or not
reporting outcomes, were excluded. The first
screening was done by reading the titles, then
the abstracts, and the whole paper.

Heterogeneity, Sensitivity, and Publication
Bias

The heterogeneity of the studies was
calculated using the Cochran Q test and I
inconsistency index, and it was considered to
be present if the Q-test P value was less than
0.10. The higher the I?, the greater the
heterogeneity.!! The sensitivity testing was
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conducted by removing individual studies
from the overall result. The publication bias
was analyzed wusing a funnel plot
complemented by Begg-Mazumdar and
Egger statistics.'> We also used Slim K et al.
method for the evaluation of non-randomized
studies' quality for the purpose of meta-
analysis."?

Statistical analysis

We used Comprehensive meta-analysis
software (Version 4, Biostat Inc., Englewood,
NJ, United States). Pooled odds ratios (ORs)
and 95% confidence intervals (ClIs) were
calculated to compare outcomes in
individual studies by wusing the random
effects model. First, we performed a meta-
analysis calculation for the 14 studies, then
we separated studies into 4 groups: 1.
Readmission rate (in different periods after
hospitalization for individual studies), 2.
Post-hospitalization  admission to  the
emergency room, general practitioner,
secondary care physician, and treatment
failure, 3. Mortality rate (in different periods
after hospitalization for individual studies), 4.
Patients' subjective approach — satisfaction,
preference, functional indexes, knowledge,
self-management, not living at home, living
in long-term residential care.

For the sake of unity in the direction
of the meta-analysis calculation, we used
only negative direction, mortality (and not
survival), patient “not high satisfaction” etc.

RESULTS

A systematic review of the selected studies.'*
27

Richards SH et al. (UK, 1998),'* Compared
the effectiveness and acceptability after
randomization to early discharge to a HaH
(160 patients, 68% women) with that of
routine discharge from the hospital (81
patients, 72% women). Patients were from
medical, orthopedic, and general surgery
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departments. The mortality rate was 12 out of
160 (7.5%) and 6 out of 81 (7.4%), and high
satisfaction was stated by 78 out of 155
(50.3%) and 31 out of 70 (44.2%), in HaH
versus in-patients, respectively. These results
were not statistically significant.

Shepperd S et al. (UK, 1998),1
Randomized patients recovering from hip
replacement, knee replacement, and
hysterectomy, elderly medical patients, and
patients with chronic obstructive lung
disease, into hospitalization in HaH (61 men,
202 women, median age 68 — 77) or inpatient
hospital (58 men, 217 women, median age
70-76). Readmission rates after 3 months
were 2 out of 36 (5.6%) and 1 out of 48
(2.1%); 4 out of 46 (8.7%) and 1 out of 39
(2.6%); 7 out of 108 (6.5%) and 13 out of 123
(10.6%); 13 out 0f 47 (27.7%) and 5 out of 42
(11.9%); 8 out of 13 (61.5%) and 6 out of 17
(35.3%), for patients recovering from hip
replacement, knee replacement, and
hysterectomy, elderly medical patients, and
patients with COPD, respectively. Thus, the
readmission rate was higher for HaH than for
in-patients in most of the indications except
for hysterectomy follow-up. The preferred
way of hospitalization was declared by 20 out
0f'36 (55.6%) and 8 out of 48 (16.7%); 25 out
0f 46 (54.3%) and 5 out of 39 (12.8%); 32 out
of 108 (29.6%) and 10 out of 123 (8.1%); 29
out of 47 (61.7%) and 8 out 0of 42 (19.0%), of
patients recovering from hip replacement,
knee replacement, and hysterectomy, elderly
medical patients, and patients with
COPD, respectively. Thus, patients preferred
HaH on in-patient hospitalization in all the
indications.

Wilson A et al. (UK, 1999),'¢
Recruited 199 eligible patients, 141 of them
were women, ages ranged from 33 to 102
years, a median of 84. They compared
mortality and change in health status between
101 patients randomized to HaH and 96 to
hospital in-patient care. Two weeks after
hospitalization 26 (25.7%) and 30 (31.2%)
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died; 21 (20.8%) and 16 (16.7%) were
admitted to the emergency department; 9
(8.9%) and 8 (8.3%) had Barthel index of 20;
and 12 (11.9%) and 7 (7.3%) had a
Philadelphia geriatric morale score higher
than 43, in HaH and in-patient, respectively.
Better for HaH than for in-patient
hospitalization.

Davies L et al. (UK, 2000),"
Randomized patients with exacerbations of
chronic obstructive pulmonary disease to
HaH versus hospital care. Out of 100 patients
in HaH (45 men, average age 70) and 50
patients in hospital care (30 men, average age
70) 37 (37.0%) and 17 (34.0%) were
readmitted; 9 (9%) and 4 (8.0%) died, after a
follow-up of 3 months, respectively. These
changes were not statistically different.

Wilson A et al. (UK, 2002),'® Asked
48 patients randomized to HaH and 35 to
hospital care about their satisfaction, and got
a high satisfaction rate from 47 (97.9%) and
33 (94.2%) patients, respectively (NS). The
indications  for  hospitalization = were
cardiovascular or respiratory diseases.

Hernandez C et al. (Spain, 2003),"
COPD patients, 121 HaH (117 men, mean
age 71), 101 regular hospital care (98 men,
mean age 71). Mortality 5 (4.1%) vs. 7
(6.9%); emergency room visits 16 (13.2%)
vs. 31 (30.7%), better knowledge of the
disease 70 (57.9%) vs. 27 (26.7%); and better
self-management of their condition 98
(81.0%) vs. 48 (47.5%), respectively, all
statistically significant and better in HaH.

Mendoza H et al. (Spain, 2009),%
CHF patients, 37 HaH (18 men, mean age 78)
34 regular hospital care (24 men, mean age
80). All patients were studied for 1 year. No
significant differences were found in baseline
characteristics,  including  comorbidity,
functional status, and health-related quality
of life. Clinical outcomes were similar after
initial admission and after the 12 months of
follow-up. Death or re-admission due to CHF
or another cardiovascular event occurred in
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19 (51.4%) in HaH and in 20 (58.8%) patients
of in-hospital care (NS).

Tibaldi V et al. (Italy 2009),! CHF
patients, 48 HaH (22 men, mean age 82), 53
regular hospital care (30 men, mean age 80).
Mortality was 7 (14.6%) vs. 8 (15.1%), (NS);
subsequent admission to hospital 8 (16.7%)
vs. 18 (34.0%), for HaH and in-patient,
respectively.

Leff B et al. (USA, 2009)2
Randomized 214 patients aged 65 and older,
with exacerbation of chronic obstructive
pulmonary disease, congestive heart failure,
pneumonia, or cellulitis, who met previously
validated HaH eligibility criteria, to HaH or
regular hospital. Functional status was
measured as five activities of daily living
(eating, bathing, dressing, toileting, and
transferring), and seven activities of
instrumental activities of daily living
(managing money, managing medications,
preparing meals, shopping, doing light or
heavy housework, using the telephone).
Better results were found for 44 (61.1%) and
25 (53.2%); 46 (63.9%) and 17 (23.6%) out
of 72 HaH (50 men, mean age 77) and out of
47 in-patient (35 men, mean age 76.9)
patients, respectively. Thus the outcomes
were significantly better for HaH.

Vianello A et al. (Italy, 2013),%
Patients with neuromuscular disease, 26 HaH
(17 men, mean age 45), 27 regular hospital
care (24 men, mean age 47). Treatment
failure in 8 (30.8%) vs. 13 (48.1%); mortality
at 3 months 3 (11.5%)vs. 4 (14.8%),
respectively. Both are not statistically
significant.

Echevarria C et al. (UK, 2018),*
Compared the outcomes of 60 COPD
patients hospitalized in HaH with 58 COPD
patients with the same disease severity,
allocated to wusual care. Death rates,
readmission, one or more general practitioner
attendances post-discharge, and one or more
secondary care appointments, at 90 days were
1 (1.7%) and 1 (1.7%); 22 (36.7%) and 23

Niv www.ajhm.org 4



AJHM Volume 8 Issue 3 (July-Sept 2024)

(39.7%); 26 (43.3%) and 30 (51.7%); 48
(80.0%) and 41 (70.7%), respectively. The
stated preference for HaH was 54 (90.0%)
and 51 (87.9%), respectively, all changes are
not statistically significant.

Levine DM et al. (USA, 2018),>° 9
patients were randomized to HaH (7 men,
median age 65) and 11 to a regular hospital (3
men, median age 60). 30-day readmission
rate, 30-day emergency department visits,
primary care visit post-discharge, 30-day
mortality, were 1 (11.1%) and 4 (36.4%); 1
(11.1%) and 2 (18.2%); 7 (77.8%) and 4
(36.4%); and 0 and 0, respectively. Patients
suffered from any infection or exacerbation
of heart failure, chronic obstructive
pulmonary disease, or asthma.

Levine DM et al. (USA, 2020),%
Randomized 43 patients to HaH (28 men,
median age 80) and 48 to a regular hospital
(30 men, median age 72). They found that
primary care visits within 14 days after
discharge, 20-day readmission rate, and 30-
day emergency department presentation in 22
(51.2%) and 19 (39.6%); 3 (7.0%) and 11
(22.9%); 3 (7.0%) and 6 (12.5%) patients,
respectively. Patients suffered from selected
acute conditions.

Shepperd S et al. (UK, 2021),%
Admitted 687 geriatric patients into HaH
(269 men, mean age 83.3) and 345 into a
regular hospital (138 men, mean age 83.3)
and compared at 6 months follow-up living at
home, mortality rate, and living in long-
term residential care; they found 528 (76.9%)
and 247 (71.6%); 114 (16.6%) and 58
(16.8%); 37 (5.4%) and 27 (7.8%),
respectively. These changes were not
statistically significant.

Meta-analysis results

Our literature search revealed studies that
compared outcomes of HaH and In-Hospital
hospitalizations (Figure 1). 139 eligible
studies were generated by the
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literature search. 54 studies were excluded
being not in full text, review articles, and
editorials. 71 additional studies were
excluded being not in English, duplications,
not RCT, and for using the average score and
standard deviation for comparison of
outcomes thus, a meta-analysis could not be
performed. We were left with 14 RCTs (43
data sets) that fulfilled the inclusion criteria
and compared the outcomes, published up to
31/12/2023. Altogether there were 8,169
patients, 4,784 were randomized to HaH and
3,385 to In-Hospital hospitalizations, used
for comparison of the different outcomes
(Figure 2a). The mean effect size is 0.638
with a 95% confidence interval (95% CI) of
0.512 to 0.796. The Z-value tests the null
hypothesis that the mean effect size is 1.000.
The Z-value is -3.982 with p < 0.001. Using
a criterion alpha of 0.050, we reject this null
hypothesis.

Figure 1. Flow chart of studies included in
the meta-analysis.

139 eligible papers
generated by the
literature search

54 rejected (studies
not in full text, review
articles, editorials)
85 full-text studies

71 excluded (not in

English, duplications,
results could not be

calculated, not RCT)

14 RCTs (43 data-sets of
different approaches)

Separately measured meta-analyses
of readmission, admission to another facility,
mortality, and patient preference revealed
better or non-inferiority results favor HaH:
OR 0.923 95%C1 0.543 to 1.571, P=NS, OR
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0.904 95%CI 0.545 to 1.499, P = NS, OR 0.396 95%CI 0.277 to 0.566, P < 0.0001
0.984 95%CI 0.696 to 1.392, P=NS, and OR (Figure 2b, Figure 2c¢, Figure 2d, Figure 2e).

Figure 2a. Forest plot illustrating OR and 95% CI for all outcomes, comparing HaH and in-hospital.
Outcomes of HaH versus In-hospital

Study name Subgroup within study Comparison Time paint Statistics for each stud Odds rafic and 85% CI

Odds Lower Upper

ratio lim it limit ZValue p-Value
Richards SH 1 Medical, arthopedic and surgery, mortality rate UK 1588 1014 0.366 2807 0.026 0878
Richards SH 2 Wedical, arthopedic and surgery, "not high satisfaction” UK 1998 0.785 0.445 1.383 -0.838 0.402
Shepperd S 1 S'P hip replacement, readmission afer 3m Uk 1908 2.786 0.241 31741 0817 0414
Shepperd 5 2 S5/P knes replacement, readmission afier 3m UK 1388 3619 0.387 33818 1428 0.259
Shepperd S 3 5P hysterectory. readmission afer Sm UK 1998 0.588 0225 1.528 -1.082 0278
Shepperd 5 4 COPD, readmission after 3m UK 1998 2033 0.657 13.003 1.410 0.169
Shepperd 5 4 Elderly medical patients, readmission after 3m UK 1388 2829 0813 8773 1801 0072
Shepperd 5 5 SIP hip replacement, "not declansd” prefemed way of hospitaization UK 1398 0.180 0.058 0.437 2577 0.000
Shepperd 56 $P knes : " prefrred way Uk 1908 0.124 0.041 0.372 AT 0.000
Shepperd 57 S/P hystersctomy, "not declared” preferred way of hospitalizaton UK 1388 0.210 0.088 0.453 -3.984 0.000
Shepperd S 8 Elderly medical patients, " " preferred way of UK 1998 0.148 0,055 0.385 2891 0.000
Witson A1 2w after hospitalization, monality UK 1999 0.783 0410 1.418 0,856 0.382
Witson A2 2w after hospltalzation. admitted to emergency room UK 1898 1313 0638 2.698 0.740 0.458
Wison A3 2w after hospitalization, Barthel index less than 20 UK 1999 0.829 0.343 2517 0144 0.885 -
Wison A4 2w after hospitalzation, Philade|phia geratic moral score < 43 Uk 1988 0583 0.220 1.850 =1.081 0.280
Davies L 1 COPD, readmission UK 2000 1.140 0588 2.324 0361 0.718
Davies L2 COPD, 3m mortality UK 2000 1137 0332 2.691 0205 0837
Witson A6 Cardiovascular or respiratory diseases, ‘nol high satisfaction” Uk 2002 0.361 0.031 4,033 0.840 0.401
Hemandez C 1 COPD, martality Spain 2003 0678 0178 1.882 -0.909 0.364
Hemandez C 2 COPD, emergency rom visits Spain 2003 0.244 0175 0.676 -2.098 o002
Hemandez C 3 ‘COPD, "not better” knowledge of the disease Spain 2003 0.2e8 0.150 0.470 -4.559 0.000
Hemandez C 4 COPD, "not better” self management of the condition Spain 2003 0.213 0117 0.387 -5.068 0.000 e —
Mendoza H CHF, after a year of follow-up, martality Spain 2009 0.739 0.289 1.890 0.632 0.528
Tilbadi V1 ‘CHF, mortality Ealy 2008 0.960 0.320 2.883 0.072 0.843
Tilbad V2 CHF, subsequent admission t hospital Baly 2009 0.388 0.151 1,004 -1.862 0.051
LeffB1 COPD, CHF, pneumonia cr cellulitis, “lower functicnal status” usa 2008 0723 0.344 1.821 -0.856 0383
LeffB2 ‘COPD, CHF, pneumonia or cellulitis, “lower instrumental activity” usAa 2008 0.320 0.148 0.883 2817 0.004
Vianelo A1 Neuromuscular disease. treatment failure Raly 2013 0.478 0,188 1473 -1.286 0188
Manellc A2 Neuromuscular disease, mortality at 3 m Raly 2013 0.750 0.181 3.732 -0.351 0.728
Echevamia C 1 ‘COPD, at 80 days, mertality UK 2018 0.968 0.058 15.818 -0.024 0881
EchevamaC 2 ‘COPD, at 80 days, readmission UK 2018 083 0.418 1.853 -0.334 0.738
EchevarriaC 3 ‘COPD, at 90 days, one or mare general practiticn er attendances. UK 2018 0714 0.348 1.474 0811 0.382
EchevamiaC 4 ‘COPD, at 80 days, ane or more secondary care appointments UK 2018 1.658 0710 3.874 1.168 0242
Echevamia € § COPD, at 80 days, "not stated preference” UK 2018 0.810 0.255 2571 0.353 0.720
Levine DM 1 Acute conditions, 14 days afer discharge primary care visits usa 2020 1899 0656 3.8674 1.108 0.289
Levine DM 1 Infection, CHF, COPD, asthma, 30-day, emergency department visits usa 2018 0.563 0.043 7.442 0437 o.e82
Levine DM 2 Acute conditions, 20 days after discharge readmission rate usa 2020 0.252 0.085 0.676 EE- 0.046
Levine O 2 Infecticn, CHF, COPD, asthma, 30-day, primary care visits usa 2018 6125 0533 45.017 1.781 0.078
Levine DM 3 Acute conditions, 30 days afer discharge smergency department visits usa 2020 0.525 0123 2.243 -0.870 0.384
Levine DM 3 Infection, CHF, COPD, asthma, 30-day, readmission rate usa 2018 0.219 0.020 2447 41234 0217
Shepperd S 9 Genatric patients, 8m follow-up "hat iving at home" UK 2021 0.759 0.588 1.018 -1.841 0.088 it
Shepperd S 10 Geratric pationts, 6m follow-up merality UK 2021 0684 0658 1.302 0,089 0829 ——
Shepperd 5 11 ‘Geratric patients, 6m followi-up living in long-term residential care UK 2021 0870 0.401 1121 -1.525 o127
Pooled 0638 0512 0.796 -3.982 0.000 ?
Pradictian Interval 0638 0214 1.903 | T

0.1 02 0.5 1 2 5
Favours HaH Favours In-hospital

Figure 2b. Forest plot illustrating OR and 95% CI for readmission comparing HaH and in-hospital.

Outcomes of HaH versus In-hospital - Readmission

Study name Subgroup within study Comparison Time point Statistics for each stud Qdds ratio and 95% CI

Odds Lower Upper

ratio limit limit ZValue p-Value
Shepperd S 1 SIP hip replacemnent, readmission after 3m UK 1098 2765 0241 i 0817 0414
Shepperd S 2 SIP knee replacement, readmission after 3m UK 1098 3818 0.387 33819 1128 0.258
Shepperd S 3 SIP hysterectomy, readmission after 3m UK 1908 0.586 0225 1528 -1.002 0275 i —
Shepperd S 4 COPD, readmission after 3m UK 1698 2833 0857 13.083 1410 0158 L
Shepperd S 4 Bldedy medical patients, readmission after 3m UK 1608 2829 0813 8773 1.801 0.072 .
Davies L1 COPD, readmission UK 2000 1140 0.559 2324 0.361 0718 =
Tilbadi V2 CHF, subsequent admission to hospital Italy 2009 0389 0.151 1,004 1852 0.051 o e n
Echevarria C 2 COPD, at 80 days, readmission UK 2018 0.881 0418 1853 0.334 0.738 =
Levine DM 3 Infection, CHF, COPD, asthma, 30-day, readmission rate UsSA 2018 0.219 0.020 2447 -1.234 0217
Levine DM 2 Acute conditions, 20 days after discharge readmission rate Usa 2020 0.252 0.065 0976 -1.806 0.046 L
Pooled 0923 0543 1571 -0.294 0.769
Prediction Interval 0923 0.218 3910 h q

01 02 05 1 2 5 10
Favours HaH Favours In-hospital
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Figure 2c. Forest plot illustrating OR and 95% CI for admission in another facility comparing HaH and in-hospital.

Outcomes of HaH versus In-hospital - Admission to other facility

Study rame Subgyoup within shudy Comparisen Time peint Statishes tor each study s ratic and 95% C)

Odds Lawer Upper

ratio it Timit 2Value pVialus
Viison A2 Bw afler hospiaication, sdmitied ko emergency rmom (T3 1965 1313 0636 2668 at40 0459 et
HamanezC 2 COPD, emergency room viss. Spain 2003 0384 0178 0676 3088 o002 L
Vanela A1 Newsruseudar drsease, iestment tlure Ry 203 047 015 1473 -1285 0159 =
EcheanaC3 COPD, a1 90 days. ove o more general practiboner afisndances UK e omM 0346 1474 a1 062 B
Echevarra C4 COPD, 90 days, en o mire seccndary cave apponiments [T 2018 1659 om0 1874 1169 0242 B 1
Levine Dii 1 Aot condtions, 14 days after discharge primary care visits usA 2020 159 LT 3674 1.106 029 et t—
Levine DM 1 Infection, CHF, COPD, asthma, 30-day, emengency department visits usa 2008 0853 0.043 T2 043 LL A
Levine DM 2 Infection, G+, COPD, asthma, 30-day, primary care vists usA 2018 6125 0633 48017 1761 0o7s
Levine D3 Aeute condbions, 30 ays a%er Sscharge smergency depanment sts 1= 2020 055 0123 2243 0810 0384
Pooied 0804 0545 1409 0302 L= <E[>
Preciction hterva 0804 0214 3815 T :

01 02 0s 1 2 5 0
Favours HaH Favours In-hospital

Figure 2d. Forest plot illustrating OR and 95% CI for mortality comparing HaH and in-hospital.
Outcomes of HaH versus In-hospital - Mortality

Study name Subgroup within study Comparison Time peint Statistics for each study ‘Odds ratio and 95% CI

Odds Lower Upper

ratio limnit limit ZNalue p-Value
Richards SH 1 Medical, orthopedic and surgery, morality rate UK 1908 1.014 0.366 2.807 0.026 0.979
Wilson A 1 2w after hespitalization, mortality UK 1999 0.763 0.410 1419 -0.856 0.392
Davies L 2 COPD, 3m mortality UK 2000 1.137 0,332 38 0.205 0.837
Hemandez C 1 COPD, mortality Spain 2003 0.579 0.178 1.883 -0.909 0.364
Mendoza H CHF, after a year of follow-up, mortality Spain 2009 0.739 0.289 1.890 -0.632 0.528
Tilbadi V 1 CHF, mortality Italy 2009 0.860 0.320 2.883 -0.072 0.943
Vianello A 2 Neuromuscular disease, mortality at 3 m Italy 2013 0.750 0.151 3732 -0.351 0.725
Echevaria C 1 COPD, at 90 days, mortality UK 2018 0.966 0.059 15818 -0.024 0.981
Shepperd S 10 Gerialric patients, 6m follow-up mortality UK 2021 0.984 0.696 1.392 -0.089 0.929
Pooled 0.802 0.701 1161 -0.801 0.423
Prediction Interval

01 02 05 1 2 5 10

Favours HaH Favours Inhespital

Figure 2e. Forest plot illustrating OR and 95% CI for patients’ preference comparing HaH and in-hospital.
Outcomes of HaH versus In-hospital - Patients preferance

Stegy rare ety op wirn udy Comparmcn Time pont Statmdos br esch Budy Ddds rato and §5% C1
s Lirwwer Uppr
aba ot [ 2k pbiales
Ruchay 54 2 WE0am L 01N SE0H B0 ety "0l SGN ST BT s 1956 B7Es [T 143 T (4 L =
Srespera 1 6 S hip teacemenl ot SeIaRE pelAEd way £ ReaaNI D e e 1958 1] bess 8T [T :
Srespert 18 P LRee replaesL T 2608RT B RAED way HIRERIS B1EA [T 1958 Bz et ams [T
Sheppend 37 BF nymerecony. Tof Secared” prelred Wy of Neaptaceten e 1958 e - 3 1)
Srecpend 5 B [ty machon DESeNTL "Nt (el ared DARINTED Wy O SOApIIBICES 0N L9 15758 R0 ness ST oo -
r— Tuwwler hompinianson, Darisel indesless e 23 - e [T o LT
Viinan d Tw e TRl B 07, PABGHDAL JERHTE TR KD ¢ 4] e 15 [T Rt Bam ———
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Figure 3. Funnel plot for publication bias.
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The relevant funnel plot (Figure 3) is
symmetric and denies a significant

publication bias. The Q-value is 112.676 with
42 degrees of freedom and p < 0.001. Using
a criterion alpha of 0.100, we can reject the
null hypothesis that the true effect size is the
same in all these studies. The I-squared
statistic is 63%, which tells us that some 63%
of the variance in observed effects reflects
variance in true effects rather than sampling
error. Tau-squared, the variance of true effect
sizes, 1s 0.280 in log units. Tau, the standard
deviation of true effect sizes, is 0.529 in log
units. If we assume that the true effects are
normally distributed (in log units), we can
estimate that the prediction interval is 0.214
to 1.903. The true effect size in 95% of all
comparable populations falls in this interval.
The distribution of the true effect is shown in
Figure 4.

We measured sensitivity by excluding
individual studies and recalculating the
overall meta-analysis outcome. This process
was repeated for each of the studies.
Deviations from the primary result were not
significant with ORs varying between 0.371

95% CI 0.279 to 0.491 and 0.957 95% CI
0.820 to 1.117, the ranges of true effect were
0.142 to 0.968, and 0.820 to 1.117,
respectively. In addition, we measured the
studies’ quality using the MINORS method
(Table 1). Scores of 1 to 2 were found with a
median of 1.83. Comparing studies with
MINORS scores of 1 to 1.83, and 2, we found
OR 0.635 95% CI 0.433 to 0.930, a range of
true effect 0.139 to 2.907, and OR 0.656 95%
C10.502 to 0.856, a range of true effect 0.257
to 1.676, respectively.

Figure 4. Distribution of true effect.
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The mean effect size is 0.64 with a 95% confidence interval of 0.51 to 0.80

The true effect size in 95% of all comparable populations falls in the interval 0.21 to 1.90
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Table 1. Evaluation of MINORS quality scores.'?

Methodological items for non-randomized studies/References

1. Aclearly stated aim: the question addressed should be precise and relevant in the light of available literature

2. Inclusion of consecutive patients: all patients potentially fit for inclusion (satisfying the criteria for inclusion) have been
included in the study during the study period (no exclusion or details about the reasons for exclusion)

3. Prospective collection of data: data were collected according to a protocol established before the beginning of the study

4. Endpoints appropriate to the aim of the study: unambiguous explanation of the criteria used to evaluate the main
outcome which should be in accordance with the question addressed by the study. Also, the endpoints should be assessed on
an intention-to-treat basis.

5. Unbiased assessment of the study endpoint: blind evaluation of objective endpoints and double-blind evaluation of
subjective endpoints. Otherwise the reasons for not blinding should be stated

6. Follow-up period appropriate to the aim of the study: the follow-up should be sufficiently long to allow the assessment
of the main endpoint and possible adverse events

7. Loss to follow up less than 5%: all patients should be included in the follow up. Otherwise, the proportion lost to follow
up should not exceed the proportion experiencing the major endpoint

8. Prospective calculation of the study size: information of the size of detectable difference of interest with a calculation of
95% confidence interval, according to the expected incidence of the outcome event, and information about the level for
istical signifi and esti of power when comparing the outcomes

9. An adequate control group: having a gold standard diagnostic test or therapeutic intervention recognized as the optimal
intervention according to the available published data

10. Contemporary groups: control and studied group should be managed during the same time period (no historical
comparison)

11. Baseline equivalence of groups: the groups should be similar regarding the criteria other than the studied endpoints.
Absence of confounding factors that could bias the interpretation of the results

12. Adequate statistical analyses: whether the statistics were in accordance with the type of study with calculation of
confidence intervals or relative risk

Total

Average

1The items are scored 0 (not reported), 1 (reported but inadequate) or 2 (reported and adequate). The global ideal score being 16

for non-comparative studies and 24 for comparative studies.

DISCUSSION

Our finding supports the value of HaH when
compared to regular hospitalizations, looking
at clinical outcomes and patient preference as
well. In the clinical outcomes selected,
readmission,  admission  to  general
practitioner or expert clinics, emergency
department visits, and mortality, we found a
significant non-inferiority, always at the
direction of HaH. In the patient preference,
satisfaction, functional indexes, knowledge,
self-management, not living at home, and
living in long-term residential care, there is a
significant advantage to HaH over regular
hospitalization, with OR 0.396, which is 61%
higher. Since we selected only randomized
controlled studies with good quality, our
findings support HaH as an excellent method
of patient care. A meta-analysis published in
2021, found only 9 eligible studies and

Niv
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1 1 2 2 2 2 2 1 2 1 2 1
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15 7167 71837 2 2 2 2 175 T175 T167 7 2 1

described 959 participants in comparison
with our meta-analysis with 14 studies (43
sub-studies) with 8169  randomized
patients.”® The main differences in our
findings are non-inferiority for clinical
outcomes, and significantly better patient
experience. We agree that HaH interventions
represent a viable substitute for an in-hospital
hospitalized with chronic diseases but also
with acute conditions.

Our study advantages are selecting
only RCTs and examining sensitivity by two
methods. We demonstrated persistent results
using the MINORS score, denied publication
bias, and proved the homogeneity of the
studies by using the random effect model.

The main limitations of this meta-
analysis are the differences in the patient's
background diseases and indications for
hospitalization. Patients were hospitalized
because of several different indications such
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as acute cardiovascular, respiratory, or
infectious diseases, or exacerbation of
chronic conditions, and in some studies a mix
of them. We tried to stratify the results
according to clinical or patient preference
outcomes, and the results were influenced
accordingly.

CONCLUSION

In conclusion, according to our findings,
HaH is recommended for
patient hospitalization when needed,
according to the specific indications and
patients matching HaH criteria. Patients who
are more likely to benefit from HaH are those
with exacerbation of chronic diseases such as
COPD, CHF, CRF, and IBD, patients with
acute infectious diseases such as pneumonia,
UTI, and cellulitis, and patients who need
further observation in continuance with in-
patient hospitalization.

Notes

Conflict of Interest: None declared.
Funding: None declared.
Acknowledgements: None.

REFERENCES

1. Dorsey ER, Topol EJ. State of
telehealth. N Engl J Med. 2016; 375:
154-61.

2. Hutchings O, Dearing C, Jagers D, et
al. Virtual health care for community
management of patients  with
COVID-19 in Australia:
observational cohort study. J Med
Inter Res. 2021; 23: ¢21064. doi:
10.2196/21064.

3. Francis N, Stuart B, Knight M, et al.
Predictors of clinical deterioration in
patients with suspected COVID-19
managed in a ‘virtual hospital
setting”: A cohort study. BMJ Open.

Niv www.ajhm.org

10.

11.

12.

REVIEW

2021;11: e045356. doi:
10.1136/bmjopen-2020-045356.
Clarke D, Newsam J, Olson D,
Adams D, Wolfe A, Fleisher L. Acute
hospital care at home: the CMS
waiver experience. NEJM Catalyst
Innovations in Care Delivery. 2021;
2(6).

Behrman P, Fitzgibbon M, Dulin A,
Wang M, Baskin M. Society of
behavioral medicine statement on
COVID-19 and rural health. Trans
Behav Med. 2021; 11: 625-30.

Jiao J, Degen N, Azimian A.
Identifying hospital deserts in Texas
before and during the COVID-19
outbreak. Transp Res Rec. 2023;
2677: 813-25.

Miranda DR, Nap R, de Rijk A,
Schaufeli W, Iapichino G. TISS
Workigng ~ Group.  Therapeutic
Intervention Scoring System. Nurs
Act Score Crit Care Med. 2003; 31,
374-382.

. Montalto, M. The 500-bed hospital

that isn’t there: the Victorian
Department of Health review of the
Hospital in the Home program. Med J
Aust. 2010; 193, 598-601.

Shepperd S, Iliffe S. Hospital at home
versus in-patient hospital care.
Cochrane database Syst. Rev. 2005.
Moher D, Liberati A, Tetzlaff J,
Altman DG. Reprint—Preferred
Reporting Items for Systematic
Reviews and Meta-Analyses: The
PRISMA  Statement. Physical
Therapy. 2009; 89: 873-880.
Borenstein M, Hedges LV, Higgins
JP, Rothstein HR. A basic
introduction to fixed-effect and
random-effects models for meta-
analysis. Res Synth Methods. 2010;
1:97-111.

Egger, M., Smith, G. D., Schneider,
M., & Minder, C. Bias in meta-

10



AJHM Volume 8 Issue 3 (July-Sept 2024)

Niv

13.

14.

15.

16.

17.

18.

19.

analysis detected by a simple,
graphical test. British Medical
Journal. 1997; 315: 629-634.

Slim K, Nini E, Forestier D,
Kwiatkowski F, Panis Y, Chipponi J.
Methodological index for non-
randomized studies (MINORS):
development and validation of a new
instrument. ANZ J Surg. 2003; 73:
712-716.

Richards SH, Coast J, Gunnell DJ,
Peteres TJ, Pounsford J, Darlow MA.
Randomised controlled trial
comparing effectiveness and
acceptability of an early discharge,
hospital at home scheme with acute
hospital care. BMJ. 1998; 316: 1796 —
1800.

Sheppered S, Harwood D, Jenkinson
C, Gray A, Vessey M, Morgan
P. Randomised  controlled  trial
comparing hospital at home care with
inpatient hospital care. I: three month
follow up of health outcomes. BMJ.
1998; 316:1786-1801.

Wilson A, Parker H, Wynn A, et al.
Randomised controlled  trial  of
effectiveness of Leicester hospital at
home scheme compared with hospital
care. BMJ. 1999; 319: 1542-1546.
Davies L, Wilkinson M, Bonner S,
Calverley nPMA, Angus RM.
“Hospital at home” versus hospital
care in patients with exacerbations of

chronic obstructive pulmonary
disease: prospective randomized
controlled  trial.  BMJ.  2000;

321: 1265-1268.

Wilson A, Wynn A, Parker H. Patient
and carer satisfaction with ‘Hospital
at Home’: quantitative and qualitative
results from a randomized controlled
trial. Br J Gen Pract. 2002; 52: 9-13.
Hernandez C, Casas A, Escarrabill J,
et al. CHRONIC project.
Home hospitalisation of exacerbated

www.ajhm.org

20.

21.

22.

23.

24.

25.

26.

27.

REVIEW

chronic  obstructive  pulmonary
disease patients. Eur Respir J. 2003;
21: 58-67.

Mendoza H, Martin MJ, Garcia A, et
al. ‘Hospital at home’ care model as
an effective alternative in  the
management of decompensated
chronic heart failure. Eur J Heart
Fail. 2009; 11: 1208-1213.

Tibaldi V, Isaia G, Scarafiotti C, et al.,
Hospital at home for elderly patients
with acute decompensation
of chronic heart failure: a prospective
randomized controlled trial. Arch
Intern Med. 2009; 169: 1569-1575.
Leff B, Burton L, Mader SL, et al.
Comparison of functional outcomes
associated with hospital at home care
and traditional acute hospital care. J
Am Geriatr Soc. 2009; 57:273-278.
Vianello A, Savoia F, Pipitone E, et al.
“Hospital at home” for
neuromuscular disease patients with
respiratory tract infection: a pilot
study. Respir Care. 2013;58: 2061-
2068.

Echevarria C, Gray J, Hartley T, Steer
J, Miller J, Simpson AJ, Gibson
GJ, Bourke SC. Home treatment of
COPD exacerbation selected by
DECAF score: a non-inferiority,
randomised controlled trial and
economic evaluation. Thorax. 2018;
73: 713-722.

Levine DM, Ouchi K, Blanchfield B,
et al. Hospital-level care at home for
acutely ill  adults: a  pilot
randomized controlled trial. J Gen
Intern Med. 2018; 33: 729-736.
Levine DM, Ouchi K, Blanchfield B,
et al. Hospital-level care at home for
acutely 1ill adults, a randomized
controlled trial. Ann Intern Med.
2020; 172:77-85.

Shepperd S, Butler C, Cradduck-
Bamford A, et al. Is comprehensive

11



AJHM Volume 8 Issue 3 (July-Sept 2024)

geriatric ~ assessment  admission
avoidance hospital at home an
alternative to hospital admission for
older people? A randomised trial. Ann
Intern Med. 2021; 174: 889-898.

28. Arsenault-Lapierre G, Henein M,

Niv

Gaaid D, Berre ML, Gore G, Vedel 1.

www.ajhm.org

REVIEW

Hospital-at-Home interventions vs
In-Hospital stay for patients with
chronic disease who present to the
emergency department. A systematic
review and meta-analysis. JAMA
Network Open. 2021; 4: e2111568.

12



