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Abstract 

Background  The need to improve the acute care pathway to meet the care needs of older people living with frailty 
is a strategic priority for many healthcare systems. The optimal care model for this patient group is unclear.

Methods  A systematic review was conducted to derive a taxonomy of acute care models for older people with acute 
medical illness and describe the outcomes used to assess their effectiveness. Care models providing time-limited 
episodes of care (up to 14 days) within 48 h of presentation to patients over the age of 65 with acute medical illness 
were included. Care models based in hospital and community settings were eligible.

Searches were undertaken in Medline, Embase, CINAHL and Cochrane databases. Interventions were described 
and classified in detail using a modified version of the TIDIeR checklist for complex interventions. Outcomes were 
described and classified using the Core Outcome Measures in Effectiveness Trials (COMET) taxonomy. Risk of bias 
was assessed using RoB2 and ROBINS-I.

Results  The inclusion criteria were met by 103 articles. Four classes of acute care model were identified, acute-
bed based care, hospital at home, emergency department in-reach and care home models. The field is dominated 
by small single centre randomised and non-randomised studies. Most studies were judged to be at risk of bias. 
A range of outcome measures were reported with little consistency between studies. Evidence of effectiveness 
was limited.

Conclusion  Acute care models for older people living with frailty are heterogenous. The clinical effectiveness 
of these models cannot be conclusively established from the available evidence.

Trial registration  PROSPERO registration (CRD42021279131).

Keywords  Acute frailty, Care models, Taxonomy

Introduction
Population ageing and the increasing prevalence of long-
term health conditions represent a significant challenge 
to many advanced health care systems [1]. Older people, 
particularly those living with frailty and multimorbid-
ity, are at high risk of sudden health crisis necessitating 
urgent assessment to identify and treat causative con-
ditions. The acute care pathway collectively defines the 
clinical processes employed to achieve this function. It 
typically comprises sequential assessment in community 

*Correspondence:
Thomas Knight
Thomasknight@nhs.net
1 Acute Care Research Group, Institute of Inflammation and Ageing, 
University of Birmingham, Birmingham B15 2TT, UK
2 Department of Geriatric Medicine, Whiston Hospital, Mersey and West 
Lancashire Teaching Hospital NHS Trust, Prescot L35 5DR, UK
3 Department of Geriatric Medicine, Royal Bolton NHS Foundation Trust, 
Bolton BL4 0JR, UK
4 Warwick Medical School, Professor of Acute and Ambulatory Care, 
University of Warwick, Coventry CV4 7AL, UK

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12877-023-04373-4&domain=pdf


Page 2 of 16Knight et al. BMC Geriatrics          (2023) 23:809 

and hospital settings and culminates in emergency hos-
pital admission when necessary.

Older people living with frailty are at high risk of 
adverse outcomes such as mortality [2] and have 
longer average lengths of hospital stay when access-
ing the acute care pathway [3]. The conversion rate 
from ED attendance to emergency admission is 3 times 
higher in people aged over 85 relative to people under 
65 [4]. As older people represent a growing propor-
tion of ED attendances the demand for hospital bed-
based care is likely to rise [4]. This must be reconciled 
with downward trends in the number of acute hospital 
beds at the population level [5]. Improved integration 
between health and social care may help mitigate the 
impact of these changes to some degree but will not 
abrogate the need for hospital assessment and inpa-
tient bed-based care in the context of sudden deteri-
oration or severe illness [6]. Adaptations to the acute 
care pathway may improve the quality of care for older 
people while simultaneously reducing pressure on an 
increasingly congested acute care system.

These factors have collectively driven a rapid expan-
sion of studies investigating models of care intended to 
mitigate the risk of hospital admission or avoid bed-
based hospital care entirely [7]. Previous systematic 
reviews of acute care models for older people have 
focused on interventions located at specific points 
along the acute care pathway [8–10]. There has been 
a tendency to group interventions with different eli-
gibility criteria and clinical processes. Differentiat-
ing models of care able to manage acute illness from 
those primarily engaged with rehabilitation and the 
functional consequence of resolving acute illness is not 
straightforward. This distinction is important as pol-
icy makers and commissioners look to maximise the 
efficiency of acute hospital bed use and find credible 
alternatives to acute inpatient care in the community.

It is possible that a more granular classification of 
the interventions may foster a greater understanding 
of which elements of the model drive effectiveness and 
highlight areas of best practice.

A systematic review was undertaken to describe and 
classify the range of acute care models designed to 
manage acute medical illness in older people with the 
objective of deriving a taxonomy of care models. The 
review also aimed to describe and classify the outcome 
measures used in studies investigating these models. 
A secondary objective was to determine whether the 
proposed taxonomy was useful in understanding any 
differences in observed outcomes between studies. We 
took the novel approach of including acute care mod-
els operating in hospital and community settings.

Methods
Study design
The systematic review was conducted using a two-step 
process. The first step was undertaken to describe and 
classify acute care models for older people and the out-
come measures used to demonstrate their clinical effec-
tiveness within the current literature. This information 
was used to create a taxonomy of care models accompa-
nied by a narrative summary. No restrictions were placed 
on study design at this stage of the process.

The second step looked to describe the effectiveness 
of each model and restricted analysis to randomised 
controlled trials or observational studies with an experi-
mental design (including non-randomised trials, cohort 
studies with comparator groups, before and after longi-
tudinal studies). Previous systematic reviews and meta-
analyses were not used to inform the taxonomy. Primary 
studies from relevant systematic reviews were included 
if they met the inclusion criteria. The systematic review 
was undertaken in accordance with the Preferred Report-
ing Items for Systematic Reviews and Meta-analyses 
(PRISMA) reporting guideline. The study protocol was 
registered with PROSPERO (CRD42021279131).

Eligibility criteria and study selection
Inclusion and exclusion criteria were designed to incor-
porate interventions operating within the hospital and 
the community. An age threshold of 65  years was used 
to define care models for older people (mean age of 
study participants > 65  years. Mean age as opposed to a 
strict age threshold was employed to ensure care models 
accepting younger patients with frailty identified using 
alternative measures, such as validated frailty scores or 
multi-morbidity were not excluded.

The intervention needed to target acute medical ill-
ness or acute exacerbation of chronic disease. There 
is no consensus definition of acute care. To ensure a 
focus on acute care, study participants needed to be 
recruited within 48  h of presentation and the care 
model had to provide time limited episodes of care (up 
to 14 days). The requirement for time limited episodes 
of care was used as a criterion to exclude care mod-
els delivering ongoing chronic disease management 
after resolution of acute illness which were felt likely 
to employ different care processes and focus on dif-
ferent clinical outcomes. Recruitment direct from the 
ED was used as a proxy for recruitment within 48 h in 
studies where this metric was not reported. Commu-
nity interventions were only included if they were able 
to provide a credible alternative to hospital bed-based 
care. This was defined as the capability to provide 
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face-to-face review alongside access to hospital level 
treatments (eg intravenous treatments) and hospital 
level diagnostics (eg blood tests, imaging) at home.

A full list of inclusion and exclusion criteria is pro-
vided in Table 1.

Data sources and searches
The search strategy comprised both MeSH terms and 
keyword text and was performed on 30th September 
2021 with no date restrictions. The search strategy is 
provided in Supplementary Table 1. The search was 
undertaken in 5 electronic databases (Ovid MEDLINE, 
Ovid Embase, Cumulative Index to Nursing and Allied 
Health Literature, Cochrane Database of systematic 
reviews, Cochrane Central Register of Controlled Tri-
als). Hand reference list screening was carried out 
of all included articles. Systematic reviews were not 
included directly. All individual studies meeting the 
inclusion criteria contained within systematic reviews 
identified by the search were included.

Titles and abstracts were reviewed by two review-
ers. (TK reviewed each and at-least one further review 
from CA, VK, CG, JR). Full-text records were obtained 
and reviewed against the eligibility criteria. Disagree-
ments were resolved by a third reviewer (DL). Data 
extraction was undertaken by 1 reviewer (TK). A 
bespoke data extraction tool was adapted from the 
TIDIeR checklist to characterise each intervention 
[11]. Outcome measurements were classified using 
the Core Outcome Measures in Effectiveness Trials 
(COMET) taxonomy [12].

Data extraction and quality assessment
Risk of bias was assessed using criteria from the 
Cochrane Handbook. Randomised controlled trials were 
assessed using RoB-2 tool [13] and observational studies 
were assessed using the ROBINS-I tool [14]. Risk of bias 
was assessed by 1 reviewer (TK).

Data synthesis
Finding from included articles were grouped and sum-
marised. Due to clinical heterogeneity between studies 
meta-analysis was not appropriate. A narrative synthesis 
of the results was undertaken. Visualisations were created 
using R statistical software (Version 1.3.1093, Vienna. 
Austria). The geographical location of included studies 
was mapped using the ggmap package. Source maps were 
obtained from © Stamen Design, under a Creative Com-
mons Attribution (CC BY 3.0) license. Outcome areas 
and domains were plotted using the treemap package.

Results
The initial search returned 13,102 relevant articles. Title 
and abstract screening identified 340 relevant articles for 
full text review. A total of 90 articles met the eligibility 
criteria. Hand searching of references identified 13 fur-
ther articles. Therefore, 103 articles were included in the 
analysis (see Fig.  1). Identified articles were published 
between April 1991 and April 2021. This comprised 20 
randomised controlled trials reported across 26 arti-
cles), 6 study protocols (results for 2 had been reported 
and were included), 38 observational studies with a com-
parator group reported across 51 articles, and 20 descrip-
tive studies without a comparator group. The search 

Table 1  The Inclusion and exclusion criteria for the systematic review

Inclusion Exclusion

Study type Taxonomy development
I. Randomised and non-randomised controlled trials
II. Prospective or retrospective cohort studies (with or with-
out comparators)
III. Study protocols

III. Systematic reviews
IV. Narrative reviews

Effectiveness
I. Randomised and non-randomised controlled trials
II. Observational studies with an experimental design

I. Systematic reviews
II. Narrative reviews
III. Observational studies without a comparator group
IV. Study protocols without outcome data

Participants I. I. Mean age of study participants over 65 years
II. II. Acute medical illness or acute exacerbation of chronic disease

Interventions I. Targeted at individual person (not group interventions)
II. Enrol patients within 48 h of presentation (in community or hos-
pital setting)
III. Provide time limited episodes of care (up to 14 days)

I. Community models that do not provide a replacement for acute 
bed-based care (no access to hospital level diagnostics or treat-
ments)
II. Outpatient ambulatory or home intravenous antibiotics services
III. Reablement or transitional care services providing care after res-
olution or acute illness
IV. Home hospice models
V. Mental health, paediatric, surgical and obstetric models
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Fig. 1  A PRISMA flow diagram for the studies screened and included in the systematic review. Legend: Studies were screened against the inclusion 
and exclusion criteria described in Table 1. Reasons for exclusion are provided
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identified 101 conference abstracts which did not contain 
sufficient information to adequately describe the model 
of care delivered. These abstracts were not used to inform 
the taxonomy.

Taxonomy
The articles could be broadly categorised into four 
groups based on the model of care they described. These 
included: bedded acute frailty units (AFU), Hospital at 
Home models (HaH), ED based in-reach models and 
acute care home models, see Fig. 2. A detailed description 
of the interventions described in each individual study is 
provided in  Supplementary Table 2. The geographical 
location of included studies is provided in Fig. 3.

Bedded acute frailty units models
The provision of tailored bed-based in-patient care for 
frail adults as a direct alternative to treatment on a gen-
eral medical ward was described in 32 articles derived 
from 24 studies. This included 8 articles [15–22] report-
ing results from 6 randomised controlled trials, 1 trial 

protocol without results [23], 11 observational stud-
ies with a comparator group reported across 15 articles 
[24–38] and 8 descriptive studies without a comparator 
[39–46]. A detailed description of the care models is pro-
vided in Supplementary Table 2A.

The AFU care model has a strong focus on maintaining 
and restoring function, but in contrast to a rehabilitation 
ward intervenes prior to full resolution of acute illness. 
A range of names were used to identify care models with 
similar underlying approaches, including Acute Frailty 
units (AFU), Acute Care for Elders (ACE) units and CGA 
units. Generic descriptions of the model frequently ref-
erence four core components, patient centred care, spe-
cifically designed environments, review of medical care 
and early discharge planning as key characteristics of the 
model. There was considerable variation in how these 
shared high-level objectives were operationalised within 
individual care models.

Treatment was delivered within a geographically dis-
tinct bedded unit in 20 studies [15–19, 21–24, 26–32, 
34, 35, 38, 39, 42, 44–46], of which 7 specifically reported 

Fig. 2  The Proposed taxonomy of acute care models for older people. Legend: The taxonomy was defined using key features of the care models; 
Care models were initially differentiated based on location. Acute bedded frailty units operated from a fixed bed base or offering consultation 
to general medical wards. Hospital at home models were differentiated based on their use of telemedicine. Physician intensive models used 
face to face review at home as standard. Remote oversight models were primarily delivered by specialist nurses with care supported provided 
remotely by physicians on a selective basis. Emergency Department in reach models could be differentiated by their staffing model. Nurse led care 
coordination without direct input from a dedicated geriatrician or care delivered by geriatricians within the Emergency Department. Care home 
models were differentiated by their primary location of activity, either services offered within the care home or adaptations to the care pathway 
following transfer to the Emergency Department
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adaptations to optimise the environment for older peo-
ple [15, 17, 18, 23, 24, 39, 41]. The mean number of beds 
in each unit was 18 (SD 8). The number of beds was not 
reported in 3 studies [25, 41, 46]. A mobile model pro-
viding specialist consultations to patients within general 
medical bed was described in 3 studies [20, 33, 36] (and 
an integrated service with variable bed capacity operating 
within an acute medical unit in 1 study [45].

Eligibility criteria were heterogenous. Age criteria were 
reported in studies describing 20 care models [15–22, 
25–33, 35–39, 41, 42, 44, 45]. Descriptions of the process 
of patient referral and how eligibility criteria were imple-
mented in practice were uncommon. The presence of 
additional criteria such as functional impairment or spe-
cific geriatric conditions were frequently reported, but 
it was not possible to establish how these criteria were 
operationalised. The use of validated frailty assessment 
tools to define eligible patients were reported in 1 study 
(reported across 5 articles) [26, 28–31]. Patients from 
residential care homes were excluded in 2 studies [18, 
21]. Bed availability was cited as a common determinant 
of receiving treatment on the AFU.

Hospital at home models
Hospital at home (HaH) models describe the provision 
of acute medical care within a person’s usual place of 
residence. The care model aims to replicate acute bed-
based care and operate under the assumption that care 
would be delivered in an acute hospital setting if the 
model were absent. HaH models were described in 37 
articles derived from 27 studies. This included 16 arti-
cles [47–62] reporting results from 12 randomised con-
trolled, 2 protocols (of which 1 had reported results and 
was included) [63, 64], 9 observational studies with a 
comparator group reported across 15 articles [65–78] 
and 4 descriptive studies without a comparator group 
[79–82]. A detailed description of the care models is 
provided in Supplementary Table 2B.

There was significant clinical heterogeneity between 
included HaH models. The model accommodated patients 
with unselected acute medical illness in 31 studies and 
specific disease groups in 7 studies (decompensated heart 
failure = 3 [57, 58, 62], COPD = 4 [47, 51, 52, 70, 79]).

Fig. 3  A map identifying the countries where the included studies 
were based. Legend. The map shows the location of included studies 
identifying: Colours to denote the care model type as defined 
by the taxonomy. Brown dots represent Hospital at Home models, 
Violet dots represents bedded Acute Frailty Units. Purple dots 
Emergency Department in-reach models. Green dots care models. 
Source maps were obtained from © Stamen Design, under a Creative 
Commons Attribution (CC BY 3.0) license
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Eligibility criteria to define suitability for HaH care 
were heterogenous. All included studies made the 
intention to act as an alternative to hospital bed-based 
care explicit. Clinical discretion exercised by the HaH 
team was the arbiter of the appropriateness and safety 
of HaH care in all the identified studies. No standard-
ised approach to assessment was identified and it was 
not possible to reliably determine the acuity of included 
patients from the reported data. The majority of HaH 
studies specifically targeted adults over the age of 65. In 
models open to adults of all ages, the mean age of partici-
pants was over 65 in all cases. Care home residents were 
excluded in 9 studies [53, 58, 59, 63, 67, 73–75, 80].

Care was led by a geriatrician in 6 studies, [47, 59, 61, 
62, 73, 78] by a general internal medicine physician in 
29 studies and a primary care physician in 2 studies [60, 
83]. The intensity of physician and nursing involvement 
varied substantially. Physician involvement ranged from 
multiple daily physical home visits to remote oversight 
without direct physical assessment. Specific out-of-
hours arrangements were reported in 12 studies reported 
across 19 articles [47, 53–55, 61, 62, 65, 67–69, 71, 72, 
74–77, 81–83]. The use of telemedicine was described in 
5 studies reported across 11 articles [47, 65, 66, 68, 69, 71, 
72, 74–77]. Reporting of the study intervention was often 
restricted to a description of standardised operating pro-
cedure. The frequency of assessment achieved in practice 
was reported in 6 studies [52, 53, 58, 74, 75, 81] and the 
proportion of patients receiving specific treatments was 
reported in 3 studies [47, 53, 80].

ED in‑reach models
ED in-reach models aim to optimise processes of care for 
older people in the ED. The care models typically pro-
vide care coordination and elements of CGA to reduce 
the likelihood of admission to acute-bed based care. ED 
in-reach models were described in 28 studies describing 
27 care models. This included 2 randomised controlled 
trials, [84, 85] 1 randomised controlled trial protocol 
without results [86], 12 observational studies with a com-
parator group [87–98] and 13 descriptive studies without 
a comparator group [99–111]. A detailed description of 
the care models is provided in Supplementary Table 2C.

Two distinct approaches to the operational design 
of services were evident. One approach, described in 
11 studies, involved the use of bedded areas located 
within ED clinical decision units (alternatively referred 
to as ED short stay units) to provide elements of CGA 
to older patients who required additional assessment 
and investigation before a decision regarding acute 
medical admission could be reached [87, 89–91, 94, 96, 
104, 105, 107, 109, 111].

An alternative approach, described in 20 studies, 
involved the provision of elements of CGA directly 
within the ED. CGA was undertaken by a geriatrician 
in 10 care models [84, 88, 97, 100–103, 108, 110] and 
by specially trained nurses in 7 care models [85, 86, 92, 
93, 95, 98, 99, 106]. Studies of this care model frequently 
cited a reduction in the number of avoidable medical 
admissions as the primary motivation for the service. The 
distinction between avoidable and unavoidable admis-
sions was poorly defined.

Eligibility criteria were heterogenous. Age criteria 
were reported in 13 care models [84, 88, 91, 93–95, 98, 
99, 102–104, 106, 108, 112]. The use of validated frailty 
assessment tools to define eligible patients were reported 
in 5 care models [84, 86, 92, 99, 106]. Care home resi-
dents were excluded in 3 studies [86, 91, 94]. Eligibility 
criteria were not reported in 5 studies [87, 89, 91, 109, 
110]. A variety of approaches were adopted to identify-
ing potentially eligible patients in the ED. Screening of all 
patients attending the ED was reported in 3 studies [84, 
88, 93]. The service was accessed by a referral from the 
ED team in 11 care models [89, 90, 92, 95, 98–101, 104, 
109, 110]. The process of referral and patient selection 
were not consistently reported.

Acute care home models
Models targeting care home residents were reported in 5 
studies. All 5 studies had an observational design [113–
117]. Two categories of intervention were described. The 
first involved the presence of dedicated staff trained in 
acute care present with the care home [113, 117]. These 
staff had the ability to deliver acute interventions in the 
care home. Privileged access was given to the on-call ED 
physician in both models (augmented by telemedicine in 
one study) [117]. The process which triggered assessment 
by the on-site team were not defined. A detailed descrip-
tion of the care models is provided in Supplementary 
Table 2D.

An alternative model involved a hospital-based team 
providing out-reach to care homes and early assessment 
of care home resident presenting to ED. Both care mod-
els in this category also had the capability to provide 
ongoing acute care in the care home when required. This 
was achieved by a geriatrician-led team with the option 
to provide daily visits in one model [116] and a specialist 
ED nursing team in the other [114, 115].

Outcome measurements
Outcomes were classified using the COMET taxonomy. 
Outcomes were reported across 6 core areas and 15 
domains. Mortality was reported (in isolation or as part 
of a composite outcome) in 35 studies, the reporting time 
horizon ranged from in-hospital mortality to 1 year. Life 
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impact was reported 27 studies, this included measure-
ment of physical function in 21 studies and cognitive 
function in 6 studies. The tools used to measure physical 
function and the time horizons of assessment varied.

Resource use was the most reported core outcome 
measure. Studies frequently described multiple out-
come domains related to resource use. The average 
length of stay was reported in 34 studies and re-admis-
sion rate in 39 studies. Readmission rates were reported 
over a range of time horizons 30  days to 1  year. Care 
home admission were reported (in isolation of as part of 
a composite outcome) in 14 studies over a time horizon 
of 30 days to 6 months. Economic analysis was reported 
in 19 studies. Adverse events were reported in 22 stud-
ies. A detailed summary of the outcome domains, meth-
ods of measurement and associated time horizons is 
provided in Supplementary Table 3.

The relative frequency with which the outcome 
domains were reported across all studies is provided in 
Fig. 4A and stratified by care model in Fig. 4B. Outcomes 
reported by bedded AFU and HaH were broadly simi-
lar, although AFU more commonly reported outcomes 
related to physical function. Economic analysis was less 
prevalent in studies investigating ED in-reach models. 
A focus on aspects of care delivery, such as disposition 
from the ED and analysis of clinical processes relevant to 
the quality and adequacy of intervention were more com-
mon in studies evaluating ED in-reach.

Effectiveness
Clinical heterogeneity amongst the care models iden-
tified and disparity in the outcomes measured used to 
evaluate the care models precluded meta-analysis. Risk 
of bias was assessed for each study. Aggregated results of 
the domain-based risk of bias assessment tools are pro-
vided in Fig. 5 and the results of individual study assess-
ments are provided in Supplementary Table 4.

The nature of the intervention precluded blinding 
of participants or personnel to group allocation in all 
included randomised controlled trials. Partial blinding of 
outcome assessment was reported in one study investi-
gating the effectiveness of bedded AFUs [17] and assess-
ment was unblinded in the remainder. Blinding during 
outcome assessment was reported in 4 randomised con-
trolled trials investigating HaH [47, 52, 59, 60]. Outcome 

assessment was unblinded in both randomised controlled 
trials investigating ED in-reach models [84, 85]. All the 
studies investigating bedded AFUs were undertaken in 
single sites which may have led to contamination of the 
control arm. This would be anticipated to favour the null 
hypothesis [15, 16, 18–22]. Contamination of the control 
arm was less likely in HaH models delivered by distinct 
clinical teams.

All included observational studies were at serious 
or critical risk of confounding. The decision to man-
age patients in the intervention arm is likely to have 
been selective, based on clinical judgment informed by 
pre-intervention clinical characteristics. Only 5 studies 
employed robust statistical techniques to control for con-
founding [65, 67, 69, 78, 92]. Residual confounding from 
unmeasured prognostic factors posed at risk of bias all 
included observational studies.

Effectiveness of acute care models
Bedded acute frailty unit models
No statistical difference in primary outcome was 
observed in 2 randomised controlled trials (reported 
across 3 articles) of specialist bed-based care for unse-
lected older medical patients, 1 study measured the 
composite outcome of death, severe dependence and psy-
chological well-being [15] and the other physical func-
tion at 3  months following discharge [19]. A planned 
cost-analysis demonstrated no difference in the total cost 
of admission between groups [16]. A single centre ran-
domised controlled trial comparing a specialist unit for 
acutely unwell patients with cognitive impairment with 
usual care demonstrated no statistical difference in the 
composite outcome of days at home [17]. All included 
observational studies were judged to be at critical or seri-
ous risk of bias.

Hospital at home models
The largest randomised controlled trial included 1055 
participants [59]. The study was designed to recruit to the 
HaH intervention at a ratio of 2:1. A significant number 
of participants moved from the control to the interven-
tion arm due to operational pressures within the hospital. 
The study found no difference in the primary outcome 
of living at home at 6  months (the inverse of death or 
long-term residential care) [59]. The remaining 11 trials 

(See figure on next page.)
Fig. 4  Tree diagrams: A tree diagrams representing the relative proportion of outcomes reported in all studies. B Tree diagrams representing 
the relative proportion of studies by study group. Legend. * Treemap representing hierarchical outcome data using nested rectangles. Large 
rectangle represent core outcome areas, smaller rectangular tiles within each core outcome area represent outcome domains. Each rectangle 
has an area proportional to the frequency reported within included studies. All studies n = 103, Bedded acute frailty unit n = 32, Hospital at Home 
n = 38, ED in reach models n = 28, Care home n = 5
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Fig. 4  (See legend on previous page.)
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Fig. 5  Summary of bias assessments. A Summary of randomised controlled studies using RoB2 tool. B Summary of non-randomised studies using 
ROBINS-I tool
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(reported across 15 articles) had smaller sample sizes 
(mean 81 participants, SD 33). One randomised con-
trolled trial (2 articles) reported a statistically significant 
reduction in the rate of adverse events [50] and favour-
able functional outcomes in the group allocated to HaH 
care [49].

HaH care for older people with decompensated heart 
failure was investigated in 2 randomised controlled trials, 
1 reported no difference in mortality or readmission at 
6 months [62] and 1 no difference in mortality or read-
mission at 12  months [57]. HaH care for older people 
with an acute exacerbation of COPD was investigated 
in 2 randomised controlled trials, 1 reported a statisti-
cally significant reduction in readmissions at 6  months 
and no difference in mortality at 6  months [47] and 1 
reported lower costs at 90 days, driven by shorted length 
of stay in the HaH group, with no difference in mortal-
ity or readmission rate at 90 days [52]. Economic analy-
sis determined HaH was associated with lower costs in 
1 randomised controlled trial of participants with unse-
lected medical-illness [53]. Nested analysis of patient and 
carer satisfaction was included in 5 trials [47, 52, 53, 59, 
62] in 3 trials the findings were reported in separate arti-
cles [51, 55, 66]. All showed an increase in measures of 
patient satisfaction in the HaH intervention group.

One randomised trial compared two contrasting mod-
els of HaH. The study arms compared HaH care led by 
primary care physicians with care led by hospital spe-
cialists [60]. Those in the hospital specialist arm were 
initially assessed in the ED and discharged within 4 h of 
assessment with a home-based care plan. The hospital 
specialist team did not undertake home visits. Those in 
the primary care physician arm received care exclusively 
at home. In both arms the plan care was delivered by a 
dedicated HaH nursing team. The primary care physi-
cian model was a associated with a statistically signifi-
cant reduction in hospital admission at 7 days. A series of 
articles published as part of a non-randomised controlled 
trial [75] reported a reduction in length of admission, 
[75] reduced levels of carer stress [71] and no difference 
in physical function [72] in the HaH group.

ED in reach models
No statistical difference in the primary outcome measure 
was observed in 2 randomised controlled trials investi-
gating ED in-reach models. In one study the provision 
of geriatrician lead CGA to patients aged over 75 with 
a clinical frailty scale (CFS) of 4 or above did not affect 
cumulative length of stay over a 1 year follow up period 
[84]. A randomised controlled trial investigating provi-
sion of nurse-led care coordination in the ED found no 
significant effect on the rate of hospital admission [85]. 
Uncontrolled before and after studies were a common 

methodological approach to the assessment of ED in-
reach models, employed in 5 studies. All included obser-
vational studies were judged to be at serious risk of bias.

Discussion
This systematic review provides a summary and clas-
sification of acute care models for older people living 
with frailty and an assessment of effectiveness based on 
current published evidence. The care models identified 
could be broadly differentiated by the location within the 
acute care pathway at which they operate. This generic 
classification provides a degree of structure to a large and 
complicated field of research, sensitive to the fact that 
relevant interventions have emerged across hospital and 
community settings. The spectrum of outcomes reported 
and differing approaches to measurement suggest con-
sensus on how best to determine the effectiveness of 
these care models has yet to emerge.

The clinical effectiveness of acute care models for older 
people was difficult to determine from the available stud-
ies. The number of participants within each trial was 
small. The risk of confounding by indication was perva-
sive amongst observational studies and statistical tech-
niques to control for cofounding were generally absent or 
inadequate. These methodological limitations prevented 
meaningful comparisons of the impact on outcomes 
between care models. There is a paucity of contemporary 
data on the effectiveness of acute care models for older 
people. Some of the most influential studies were con-
ducted over two decades ago. This raises the concern that 
the clinical processes employed may now be obsolete.

Complex interventions, such as acute care models 
for older people are often difficult to characterise. The 
detailed summary of individual interventions provided 
within this review highlights the contrasting approaches 
adopted by services under the same umbrella.

Few studies adopted a structured approach to defining 
the intervention under investigation and the descriptions 
provided varied in depth and quality. The nature of care 
provided in the usual care arm of comparative studies 
was equally difficult to define. The absence of consist-
ent inclusion and exclusion criteria or knowledge of how 
criteria were operationalised makes it difficult to discern 
the population targeted by each intervention. Assign-
ment often incorporated a subjective assessment by an 
individual clinician acting as gatekeeper. Thresholds for 
admission and discharge are not standardised and risk 
tolerance may vary at the individual, hospital and system 
level. This is particularly pertinent to studies investigat-
ing the role of HaH and ED in-reach models, predicated 
on the assumption that care would inevitably require in-
patient bed-based care if the intervention was absent. 
This assumption is inherently difficult to substantiate. All 
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the HaH models included in this systematic review had 
access to hospital level diagnostics and interventions but 
the proportion of patients receiving these interventions 
were inconsistently reported. This obfuscates an objec-
tive assessment of acuity and whether hospital admission 
was warranted.

Comparison with previous literature
Clinical heterogeneity in the studies included in previ-
ous systematic reviews and the absence of universally 
accepted definitions for the care models investigated 
cloud interpretation of the existing literature. The diverse 
range of approaches to patient selection, operational 
design and outcome measurement highlighted in this 
review suggests caution is warranted when pooling stud-
ies in this subject area.

Several systematic reviews investigating acute care 
models for older people have focused the delivery of 
comprehensive geriatric assessment (CGA) [8]. CGA 
involves multidimensional assessment with particular 
attention on the functional consequences of illness [118]. 
CGA has been shown to increase the likelihood of being 
alive or returning to home at 3 to 12  months follow up 
amongst older patients admitted to hospital with acute 
illness [8]. Meta-analysis of CGA delivered in bed-based 
frailty units found a lower risk of functional decline, 
a higher likelihood of living at home after discharge 
and no differences in mortality [119]. CGA delivered in 
bed-based frailty units may also reduce the incidence of 
adverse events such as falls, delirium and pressure sores 
at discharge [10]. The inclusion of interventions delivered 
on rehabilitation wards, and patients with surgical and 
orthopaedic presentations in previous systematic reviews 
limits generalisation to care models employed at earlier 
time points in the acute care pathway. The available liter-
ature suggests alternatives to usual bed-based care incor-
porating CGA may be of benefit but offers little to guide 
how these services should be designed and implemented. 
When inclusion is limited to interventions employed 
within 48 h of presentation the evidence of effectiveness 
is less compelling. This is important given the benefit of 
CGA is cited as the primary motivation for operational 
models located upstream in the acute care pathway [120].

HaH models have also been the subject of systematic 
review and meta-analysis. A Cochrane review of admis-
sion avoidance HaH identified ten randomised con-
trolled trials including 1333 participants of which 850 
were included in individual patient level meta-analysis 
[121]. The analysis demonstrated a significant reduc-
tion in mortality at 6 months (adjusted HR 0.62, 95% CI 
0.45–0.87). A more recent systematic review and meta-
analysis found patients managed in HaH following dis-
charge from the ED had a lower risk of admission to 

institutional care (RR 0.16 95% CI 0.03–0.74) and no 
difference in mortality (RR 0.84 95% CI 0.6–1.2) [122]. 
These systematic reviews pooled results from stud-
ies investigating HaH in the context of a diverse range 
of conditions including stroke, cellulitis, fractures and 
respiratory illness which would be expected to employ 
very different clinical processes. Applying a more 
restrictive approach to study inclusion, by only includ-
ing HaH models with access to hospital level diagnos-
tics and treatments allows greater confidence in the 
assertion that the HaH models included in the current 
review offered a true alternative to hospital admission.

Implications for policy and future research
The provision of acute care models for older people 
are predicated on a logic model rather than empirical 
evidence of benefit. Further large and rigorously con-
structed randomised controlled trials may strengthen 
the evidence base but may not be the most effectual 
method of influencing local decisions on service provi-
sion or the direction of policy.

Research in acute care delivery is complicated by a 
need to maintain operational performance. Amongst 
the studies identified, bed availability and restricted 
operational hours frequently resulted in a large dif-
ferential between the number of potentially eligible 
participants and the number of patients ultimately 
included. Practical considerations aside, the outcomes 
of interventional studies are likely to be highly depend-
ent on local context and external factors which influ-
ence generalisability.

Knowledge in this subject area may be enhanced by 
developing a consistent approach to outcome report-
ing and measurement, ideally incorporating the priori-
ties and preferences of patients. Mortality may not be 
the most appropriate metric of effectiveness given a 
significant proportion of older people living with frailty 
requiring acute care for medical illness are entering the 
last 12  months of life [123]. Current models of acute 
care infrequently establish and record individual prefer-
ences in relation to location of care in the event of acute 
medical illness or preferred location of death amongst 
older people [124]. A narrow focus on clinical and oper-
ational outcomes may simplify study design, facilitate 
comparisons and provide reassurance around safety 
but risks ignoring other aspects of care, such as quality 
of life, which may be more meaningful from the patient 
perspective.

Given the complexity of the intervention, an under-
standing of the processes and behaviours which drive 
successful models may be best approached from a quali-
tative research paradigm.
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Strength and limitations
The primary objective of this systematic review was 
to describe and categorise acute care models for older 
people and highlight variation in the outcome meas-
ures used to assess them. An extensive search strategy 
inclusive of the grey literature and indifferent to meth-
odological design was purposefully employed in order 
to capture a comprehensive representation of the range 
of models in operation. Every acute hospital encoun-
ters older people living with frailty and the potential 
for variation in approach is vast. Only a small fraction 
of care models delivered in practice are reported in the 
literature. The practice of publishing multiple articles 
from the same original study was relatively common, 
particularly in literature pertaining to acute bed-based 
care and HaH models. The account provided is there-
fore susceptible to both publication and outcome 
reporting bias.

Conclusion
Acute care models for older people living with frailty are 
heterogenous. The clinical effectiveness of these mod-
els cannot be conclusively established from the available 
evidence.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s12877-​023-​04373-4.

Additional file 1.  

Additional file 2.  

Additional file 3.  

Additional file 4.  

Acknowledgements
Not applicable.

Authors’ contributions
TK wrote the manuscript and undertook the primary analysis. CA, CG, JR, VK 
contributed to abstract screening and review. DSL and ES provided review of 
the manuscript. All authors read and approved the final manuscript.

Funding
DSL is funded by National Institute for Health Research (NIHR) Applied 
Research Collaboration (ARC) West Midlands, NIHR Community Healthcare 
MedTech and IVD Cooperative and NIHR Oxford Biomedical Research Centre 
(BRC). The views expressed are those of the authors and not necessarily those 
of the NIHR or Department of Health and Social Care.

Availability of data and materials
The datasets used and/or analysed during the current study available from the 
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 11 December 2022   Accepted: 3 October 2023

References
	 1.	 de Meijer C, Wouterse B, Polder J, Koopmanschap M. The effect of 

population aging on health expenditure growth: a critical review. Eur J 
Ageing. 2013;10(4):353–61.

	 2.	 Hao Q, Zhou L, Dong B, Yang M, Dong B, Weil Y. The role of frailty in pre-
dicting mortality and readmission in older adults in acute care wards: a 
prospective study. Sci Rep. 2019;9(1):1207.

	 3.	 Wallis SJ, Wall J, Biram RW, Romero-Ortuno R. Association of the clinical 
frailty scale with hospital outcomes. QJM. 2015;108(12):943–9.

	 4.	 Wittenberg R, Sharpin L, McCormick B, Hurst J. The ageing society and 
emergency hospital admissions. Health Policy. 2017;121(8):923–8.

	 5.	 Organisation for Economic Co-operation and Development (OECD). 
"Hospital beds and occupancy", in Health at a Glance 2021: OECD 
Indicators. Paris: OECD Publishing; 2021.https://​doi.​org/​10.​1787/​e5a80​
353-​en.

	 6.	 The Kings Fund. Older people and emergency bed use: Exploring varia-
tion. 2012.

	 7.	 Huntley AL, Chalder M, Shaw ARG, Hollingworth W, Metcalfe C, Benger 
JR, et al. A systematic review to identify and assess the effectiveness of 
alternatives for people over the age of 65 who are at risk of potentially 
avoidable hospital admission. BMJ Open. 2017;7(7):e016236.

	 8.	 Ellis G, Gardner M, Tsiachristas A, Burke O, Shepperd S, Langhorne P, 
et al. Comprehensive geriatric assessment for older adults admitted to 
hospital. Cochrane Database Syst Rev. 2017;2017(9):CD006211.

	 9.	 Briggs R, McDonough A, Ellis G, Bennett K, O’Neill D, Robinson D. Com-
prehensive Geriatric Assessment for community-dwelling, high-risk, 
frail, older people. Cochrane Database Syst Rev. 2022;5(5):Cd012705.

	 10.	 Fox MT, Persaud M, Maimets I, O’Brien K, Brooks D, Tregunno D, et al. 
Effectiveness of acute geriatric unit care using acute care for elders 
components: a systematic review and meta-analysis. J Am Geriatr Soc. 
2012;60(12):2237–45.

	 11.	 Hoffmann TC, Glasziou PP, Boutron I, Milne R, Perera R, Moher D, et al. 
Better reporting of interventions: template for intervention description 
and replication (TIDieR) checklist and guide. BMJ. 2014;348:g1687.

	 12.	 Dodd S, Clarke M, Becker L, Mavergames C, Fish R, Williamson PR. A 
taxonomy has been developed for outcomes in medical research to 
help improve knowledge discovery. J Clin Epidemiol. 2018;96:84–92.

	 13.	 Sterne JAC, Savović J, Page MJ, Elbers RG, Blencowe NS, Boutron I, et al. 
RoB 2: a revised tool for assessing risk of bias in randomised trials. BMJ. 
2019;366:l4898.

	 14.	 Sterne JA, Hernán MA, Reeves BC, Savović J, Berkman ND, Viswanathan 
M, et al. ROBINS-I: a tool for assessing risk of bias in non-randomised 
studies of interventions. BMJ. 2016;355:i4919.

	 15.	 Asplund K, Gustafson Y, Jacobsson C, Bucht G, Wahlin A, Peterson J, 
et al. Geriatric-based versus general wards for older acute medical 
patients: a randomized comparison of outcomes and use of resources. J 
Am Geriatr Soc. 2000;48(11):1381–8.

	 16.	 Covinsky KE, King JT Jr, Quinn LM, Siddique R, Palmer R, Kresevic DM, 
et al. Do acute care for elders units increase hospital costs? A cost analy-
sis using the hospital perspective. J Am Geriatr Soc. 1997;45(6):729–34.

	 17.	 Goldberg SE, Bradshaw LE, Kearney FC, Russell C, Whittamore KH, Foster 
PER, et al. Care in specialist medical and mental health unit compared 
with standard care for older people with cognitive impairment admit-
ted to general hospital: randomised controlled trial (NIHR TEAM trial). 
BMJ. 2013;347:f4132.

	 18.	 Harris RD, Henschke PJ, Popplewell PY, Radford AJ, Bond MJ, Turnbull 
RJ, et al. A randomised study of outcomes in a defined group of acutely 
ill elderly patients managed in a geriatric assessment unit or a general 
medical unit. Aust N Z J Med. 1991;21(2):230–4.

https://doi.org/10.1186/s12877-023-04373-4
https://doi.org/10.1186/s12877-023-04373-4
https://doi.org/10.1787/e5a80353-en
https://doi.org/10.1787/e5a80353-en


Page 14 of 16Knight et al. BMC Geriatrics          (2023) 23:809 

	 19.	 Landerfeld CS, Palmer RM, Kresevic DM, Fortinsky RH, Kowal J. A ran-
domized trial of care in a hospital medical unit especially designed to 
improve the functional outcomes of acutely ill older patients. N Engl 
J Med. 1995;332(20):1338–44.

	 20.	 Naughton BJ, Moran MB, Feinglass J, Falconer J, Williams ME. 
Reducing hospital costs for the geriatric patient admitted from 
the emergency department: a randomized trial. J Am Geriatr Soc. 
1994;42(10):1045–9.

	 21.	 Saltvedt I, Jordhøy M, Opdahl Mo ES, Fayers P, Kaasa S, Sletvold O. 
Randomised trial of in-hospital geriatric intervention: impact on 
function and morale. Gerontology. 2006;52(4):223–30.

	 22.	 Saltvedt I, Opdahl E, Fayers P, Kaasa S, Sletvold O. Reduced mortality 
in treating acutely sick, frail older patients in a geriatric evaluation 
and management unit. A prospective randomized trial. J Am Geriatr 
Soc. 2002;50(5):792–8.

	 23.	 Ribbink ME, Van Seben R, Oudejans I, MacNeil-Vroomen JL, Buurman 
BM. Investigating the effectiveness of care delivery at an acute 
geriatric community hospital for older adults in the Netherlands: A 
protocol for a prospective controlled observational study. BMJ Open. 
2020;10(3):e033802.

	 24.	 Abdalla A, Adhaduk M, Haddad RA, Alnimer Y, Rios-Bedoya CF, 
Bachuwa G. Does acute care for the elderly (ACE) unit decrease the 
incidence of falls? Geriatric nursing (New York, NY). 2018;39(3):292–5.

	 25.	 Abisheganaden J, Ding YY, Chong WF, Heng BH, Lim TK. Effectiveness 
of acute geriatric units in the real world: The case of short-term mor-
tality among seniors hospitalized for pneumonia. Geriatr Gerontol 
Int. 2013;13(1):55–62.

	 26.	 Ahlund K, Oberg B, Back M, Ekerstad N. Effects of comprehensive 
geriatric assessment on physical fitness in an acute medical setting 
for frail elderly patients. Clin Interv Aging. 2017;12:1929–39.

	 27.	 Chittock DR, McLean N, Wilbur K, Wong RY. Discharge outcomes of 
older medical in-patients in a specialized acute care for elders unit 
compared with non-specialized units. Can J Geriatr. 2006;9(3):96–101.

	 28.	 Ekerstad N, Husberg M, Alwin J, Ivanoff SD, Landahl S, Ostberg G, 
et al. Acute care of severely frail elderly patients in a CGA-unit is 
associated with less functional decline than conventional acute care. 
Clin Interv Aging. 2017;12:1239–49.

	 29.	 Ekerstad N, Husberg M, Alwin J, Karlson BW, DahlinIvanoff S, Landahl 
S, et al. Is the acute care of frail elderly patients in a comprehensive 
geriatric assessment unit superior to conventional acute medical 
care? Clin Interv Aging. 2017;12:1–9.

	 30.	 Ekerstad N, Karlson BW, Andersson D, Husberg M, Carlsson P, Heintz E, 
et al. Short-term resource utilization and cost-effectiveness of com-
prehensive geriatric assessment in acute hospital care for severely 
frail elderly patients. J Am Med Dir Assoc. 2018;19(10):871-8.e2.

	 31.	 Ekerstad N, Ostberg G, Johansson M, Karlson BW. Are frail elderly 
patients treated in a CGA unit more satisfied with their hospital care 
than those treated in conventional acute medical care? Patient Prefer 
Adherence. 2018;12:233–40.

	 32.	 Flood KL, MacLennan PA, McGrew D, Green D, Dodd C, Brown CJ. 
Effects of an acute care for elders unit on costs and 30-day readmis-
sions. JAMA Intern Med. 2013;173(11):981–7.

	 33.	 Hung WW, Ross JS, Farber J, Siu AL. Evaluation of the Mobile 
Acute Care of the Elderly (MACE) service. JAMA Intern Med. 
2013;173(11):990–6.

	 34.	 Jayadevappa R, Chhatre S, Weiner M, Raziano DB. Health resource uti-
lization and medical care cost of acute care elderly unit patients. Value 
Health. 2006;9(3):186–92.

	 35.	 Salinas R, Zelada MA, Baztan JJ. Reduction of functional deterioration 
during hospitalization in an acute geriatric unit. Arch Gerontol Geriatr. 
2009;48(1):35–9.

	 36.	 Schubert CC, Parks R, Coffing JM, Daggy J, Slaven JE, Weiner M. Lessons 
and outcomes of mobile acute care for elders consultation in a veterans 
affairs medical center. J Am Geriatr Soc. 2019;67(4):818–24.

	 37.	 Stewart M, Suchak N, Scheve A, Popat-Thakkar V, David E, Laquinte 
J, et al. The impact of a geriatrics evaluation and management unit 
compared to standard care in a community teaching hospital. MD Med 
J (Baltimore, MD: 1985). 1999;48(2):62–7.

	 38.	 Wald HL, Glasheen JJ, Guerrasio J, Youngwerth JM, Cumbler EU. Evalu-
ation of a hospitalist-run acute care for the elderly service. J Hosp Med. 
2011;6(6):313–21.

	 39.	 Ahmed N, Dyer CB, Taylor K, McDaniel Y. The role of an acute care for 
the elderly unit in achieving hospital quality indicators while caring for 
frail hospitalized elders. Popul Health Manag. 2012;15(4):236–40.

	 40.	 Aizen E, Swartzman R, Clarfield AM. Hospitalization of nursing home 
residents in an acute-care geriatric department: Direct versus emer-
gency room admission. Isr Med Assoc J. 2001;3(10):734–8.

	 41.	 Lin M-H, Peng L-N, Chen L-K, Hsu C-C, Yu P-C. Early geriatric evaluation 
and management services reduced in-hospital mortality risk among 
frail oldest-old patients. Aging Med Healthc. 2021;12(2):62–7.

	 42.	 Meschi T, Ticinesi A, Prati B, Nouvenne A, Borghi L, Montali A, et al. 
A novel organizational model to face the challenge of multimorbid 
elderly patients in an internal medicine setting: a case study from 
Parma Hospital Italy. Intern Emerg Med. 2016;11(5):667–76.

	 43.	 Nouvenne A, Ticinesi A, Cerundolo N, et al. Implementing a multidis-
ciplinary rapid geriatric observation unit for non-critical older patients 
referred to hospital: observational study on real-world data. Aging Clin 
Exp Res. 2022;34:599–609.https://​doi.​org/​10.​1007/​s40520-​021-​01967-z.

	 44.	 Shaw M, Acton C, Wilbur K, McMillan M, Breurkens E, Sowden C, et al. 
An interdisciplinary approach to optimize health services in a special-
ized acute care for elders unit. Geriatrics Today: J Can Geriatr Soc. 
2003;6(3):177–86.

	 45.	 Taylor JK, Murphy S, Fox J, Gaillemin OS, Pearl AJ. Embedding compre-
hensive geriatric assessment in the emergency assessment unit: The 
impact of the COPE zone. Clinical Medicine. J R Coll Physicians Lond. 
2016;16(1):19–24.

	 46.	 Webb M, Campbell K. Innovating care in the community. Br J Healthc 
Manag. 2010;16(2):330–2.

	 47.	 AimoninoRicauda N, Scarafiotti C, Marinello R, Zanocchi M, Molaschi 
M, Leff B, et al. Substitutive “hospital at home” versus inpatient care for 
elderly patients with exacerbations of chronic obstructive pulmonary 
disease: A prospective randomized, controlled trial. J Am Geriatr Soc. 
2008;56(3):493–500.

	 48.	 Board N, Brennan N, Caplan GA. A randomised controlled trial of the 
costs of hospital as compared with hospital in the home for acute 
medical patients. Aust N Z J Public Health. 2000;24(3):305–11.

	 49.	 Caplan GA, Coconis J, Woods J. Effect of hospital in the home treatment 
on physical and cognitive function: a randomized controlled trial. J 
Gerontol A Biol Sci Med Sci. 2005;60(8):1035–8.

	 50.	 Caplan GA, Ward JA, Brennan NJ, Coconis J, Board N, Brown A. 
Hospital in the home: a randomised controlled trial. Med J Aust. 
1999;170(4):156–60.

	 51.	 Dismore LL, Van Wersch A, Echevarria C, Bourke S, Gibson J. What are 
the positive drivers and potential barriers to implementation of hospital 
at home selected by low-risk DECAF score in the UK: A qualitative 
study embedded within a randomised controlled trial. BMJ Open. 
2019;9(4):e026609.

	 52.	 Echevarria C, Gray J, Hartley T, Steer J, Miller J, Simpson AJ, et al. 
Home treatment of COPD exacerbation selected by DECAF score: a 
non-inferiority, randomised controlled trial and economic evaluation. 
Thorax. 2018;73(8):713–22.

	 53.	 Levine DM, Blanchfield B, Saenz A, Burke K, Paz M, Schnipper JL, et al. 
Hospital-level care at home for acutely ill adults a randomized con-
trolled trial. Ann Intern Med. 2020;172(2):77–85.

	 54.	 Levine DM, Blanchfield B, Schnipper JL, Ouchi K, Diamond K, Licurse A, 
et al. Hospital-Level Care at Home for Acutely Ill Adults: a Pilot Rand-
omized Controlled Trial. J Gen Intern Med. 2018:1–8.

	 55.	 Levine DM, Pian J, Mahendrakumar K, Patel A, Saenz A, Schnipper JL. 
Hospital-level care at home for acutely ill adults: a qualitative evaluation 
of a randomized controlled trial. J Gen Intern Med. 2021;36(7):1965–73.

	 56.	 Mäkelä P, Stott D, Godfrey M, Ellis G, Schiff R, Shepperd S. The work of 
older people and their informal caregivers in managing an acute health 
event in a hospital at home or hospital inpatient setting. Age Ageing. 
2020;49(5):856–64.

	 57.	 Mendoza H, Martin MJ, Garcia A, Aros F, Aizpuru F, Regalado De Los 
Cobos J, 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(12):1208–13.

	 58.	 Patel H, Shafazand M, Ekman I, Höjgård S, Swedberg K, Schaufelberger 
M. Home care as an option in worsening chronic heart failure – a pilot 
study to evaluate feasibility, quality adjusted life years and cost-effec-
tiveness. Eur J Heart Fail. 2008;10(7):675–81.

https://doi.org/10.1007/s40520-021-01967-z


Page 15 of 16Knight et al. BMC Geriatrics          (2023) 23:809 	

	 59.	 Shepperd S, Butler C, Cradduck-Bamford A, Ellis G, Gray A, Hemsley A, 
et al. Is comprehensive geriatric assessment admission avoidance hos-
pital at home an alternative to hospital admission for older persons? : A 
randomized trial. Ann Intern Med. 2021;174(7):889–98.

	 60.	 Skjot-Arkil H, Mogensen CB, Lindberg MJ, Ankersen ES, Hansen SL, 
Solgaard J, et al. Admission rates in a general practitioner-based versus 
a hospital specialist based, hospital-at-home model: ACCESS, an 
open-labelled randomised clinical trial of effectiveness. Scand J Trauma 
Resusc Emerg Med. 2018;26(1):26.

	 61.	 Tibaldi V, Aimonino N, Ponzetto M, Stasi MF, Amati D, Raspo S, et al. A 
randomized controlled trial of a home hospital intervention for frail 
elderly demented patients: Behavioral disturbances and caregiver’s 
stress. Arch Gerontol Geriatr. 2004;38:431–6.

	 62.	 Tibaldi V, Isaia G, Scarafiotti C, Gariglio F, Zanocchi M, Bo M, et al. Hospi-
tal at home for elderly patients with acute decompensation of chronic 
heart failure: a prospective randomized controlled trial. Arch Intern 
Med. 2009;169(17):1569–75.

	 63.	 Pouw MA, Calf AH, van Munster BC, Ter Maaten JC, Smidt N, de Rooij 
SE. Hospital at Home care for older patients with cognitive impair-
ment: a protocol for a randomised controlled feasibility trial. BMJ Open. 
2018;8(3):e020332.

	 64.	 Shepperd S, Cradduck-Bamford A, Butler C, Ellis G, Godfrey M, Gray A, 
et al. A multi-centre randomised trial to compare the effectiveness of 
geriatrician-led admission avoidance hospital at home versus inpatient 
admission. Trials. 2017;18:1–9.

	 65.	 Augustine MR, Siu AL, Boockvar KS, DeCherrie LV, Leff BA, Federman AD. 
Outcomes of hospital at home for older adults with and without high 
levels of social support. Home Healthc Now. 2021;39(5):261–70.

	 66.	 Burton L, Clark R, Steinwachs D, Greenough Iii WB, Guido S, Burton 
JR, et al. Satisfaction with hospital at home care. J Am Geriatr Soc. 
2006;54(9):1355–63.

	 67.	 Cai S, Grubbs A, Makineni R, Kinosian B, Phibbs CS, Intrator O. Evaluation 
of the Cincinnati veterans affairs medical center hospital-in-home 
program. J Am Geriatr Soc. 2018;66(7):1392–8.

	 68.	 Clark R, Steinwachs DM, Leff B, Mader SI, Naughton WB, Burl JB, et al. 
Substitutive hospital at home for older persons: effects on costs. Am J 
Manag Care. 2009;15(1):49–56.

	 69.	 Federman AD, Soones T, DeCherrie LV, Leff B, Siu AL. Association of 
a bundled hospital-at-home and 30-day postacute transitional care 
program with clinical outcomes and patient experiences. JAMA Intern 
Med. 2018;178(8):1033–41.

	 70.	 Gonzalez Barcala FJ, Alvarez Calderon P, Valdes Cuadrado L, Pose Reino 
A, De la Fuente CR, Masa Vazquez LA, et al. Hospital at home for acute 
respiratory patients. Eur J Intern Med. 2006;17(6):402–7.

	 71.	 Greenough Iii WB, Guido S, Leff B, Burton L, Koehn D, Clark R, et al. Com-
parison of stress experienced by family members of patients treated in 
hospital at home with that of those receiving traditional acute hospital 
care. J Am Geriatr Soc. 2008;56(1):117–23.

	 72.	 Greenough Iii WB, Guido S, Leff B, Burton L, Steinwachs D, 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(2):273–8.

	 73.	 Isaia G, Astengo MA, Tibaldi V, Zanocchi M, Bardelli B, Obialero R, et al. 
Delirium in elderly home-treated patients: A prospective study with 
6-month follow-up. Age. 2009;31(2):109–17.

	 74.	 Leff B, Burton L, Guido S, Greenough WB, Steinwachs D, Bur-
ton JR. Home hospital program: a pilot study. J Am Geriatr Soc. 
1999;47(6):697–702.

	 75.	 Leff B, Burton L, Mader SL, Naughton B, Burl J, Inouye SK, et al. Hospital 
at home: Feasibility and outcomes of a program to provide hospital-
level care at home for acutely III older patients. Ann Intern Med. 
2005;143(11):798–856.

	 76.	 Marsteller JA, Burton L, Steinwachs D, Clark R, Mader SL, Naughton B, 
et al. Health care provider evaluation of a substitutive model of hospital 
at home. Med Care. 2009;47(9):979–85.

	 77.	 Saenger P, Lubetsky S, Catalan E, Federman AD, DeCherrie LV, Leff B, 
et al. Choosing inpatient vs home treatment: why patients accept or 
decline hospital at home. J Am Geriatr Soc. 2020;68(7):1579–83.

	 78.	 Tsiachristas A, Ellis G, Buchanan S, Langhorne P, Stott DJ, Shepperd S. 
Should i stay or should i go? A retrospective propensity score-matched 

analysis using administrative data of hospital-at-home for older people 
in Scotland. BMJ Open. 2019;9(5):e023350.

	 79.	 Mendoza Ruiz de Zuazu H, Gómez Rodríguez de Mendarozqueta M, 
Regalado de Los Cobos J, Altuna Basurto E, Marcaide Ruiz de Apodaca 
MA, Aizpuru Barandiarán F, Cía Ruiz JM. Enfermedad pulmonar 
obstructiva crónica en hospitalización a domicilio. Estudio de 522 casos 
[Chronic obstructive pulmonary disease in the setting of hospital at 
home. Study of 522 episodes]. Rev Clin Esp. 2007;207(7):331-6.https://​
doi.​org/​10.​1157/​13107​944.

	 80.	 Mader SL, Medcraft MC, Joseph C, Jenkins KL, Benton N, Chapman K, 
et al. Program at home: a Veterans Affairs Healthcare Program to deliver 
hospital care in the home. J Am Geriatr Soc. 2008;56(12):2317–22.

	 81.	 Montalto M, Lui B, Mullins A, Woodmason K. Medically-managed Hospi-
tal in the Home: 7 year study of mortality and unplanned interruption. 
Aust Health Rev. 2010;34(3):269–75.

	 82.	 Salazar A, Estrada C, Porta R, Lolo M, Tomas S, Alvarez M. Home hospi-
talization unit: an alternative to standard inpatient hospitalization from 
the emergency department. Eur J Emerg Med. 2009;16(3):121–3.

	 83.	 Mas MA, Santaeugenia SJ, Tarazona-Santabalbina FJ, Gamez S, Inzitari 
M. Effectiveness of a hospital-at-home integrated care program as 
alternative resource for medical crises care in older adults with complex 
chronic conditions. J Am Med Dir Assoc. 2018;19(10):860–3.

	 84.	 Alakare J, Kemp K, Castren M, Harjola V-P, Strandberg T, et al. Systematic 
geriatric assessment for older patients with frailty in the emergency 
department: a randomised controlled trial. BMC Geriatr. 2021;21(1):408.

	 85.	 Basic D, Conforti DA. A prospective, randomised controlled trial of an 
aged care nurse intervention within the Emergency Department. Aust 
Health Rev. 2005;29(1):51–9.

	 86	 Lo AX, Dresden SM, Post LA, Lindquist LA, Kocherginsky M, et al. The 
impact of Geriatric Emergency Department Innovations (GEDI) on 
health services use, health related quality of life, and costs: Protocol for 
a randomized controlled trial. Contemp Clin Trials. 2020;97:106125.

	 87.	 Arendts G, Leyte N, Dumas S, Ahamed S, Khokulan V, Wahbi O, Lomman 
A, Hughes D, Clayden V, Mandal B. Efficiency gains from a standardised 
approach to older people presenting to the emergency department 
after a fall. Aust Health Rev. 2020;44(4):576-81.https://​doi.​org/​10.​1071/​
AH191​87.

	 88.	 Buttery A, O’Neill S, Hopper A, Harari D, Martin FC. The older persons’ 
assessment and liaison team “OPAL”: Evaluation of comprehen-
sive geriatric assessment in acute medical inpatients. Age Ageing. 
2007;36(6):670–5.

	 89.	 Conroy SP, Ansari K, Williams M, Laithwaite E, Teasdale B, Dawson J, 
et al. A controlled evaluation of comprehensive geriatric assessment in 
the emergency department: the “Emergency Frailty Unit.” Age Ageing. 
2014;43(1):109–14.

	 90.	 Ellis G, Alcorn M, Jamieson CA, Devlin V. An Acute Care for Elders (ACE) 
unit in the emergency department. Eur Geriatr Med. 2012;3(4):261–3.

	 91.	 Foo CL, Siu VWY, Seow E, Tan TL, Ding YY. Geriatric assessment 
and intervention in an emergency department observation unit 
reduced re-attendance and hospitalisation rates. Australas J Ageing. 
2012;31(1):40–6.

	 92.	 Hwang U, Dresden SM, Rosenberg MS, Garrido MM, Loo G, Sze J, et al. 
Geriatric emergency department innovations: transitional care nurses 
and hospital use. J Am Geriatr Soc. 2018;66(3):459–66.

	 93.	 Kwon N, Carpenter K, Silverman R, Willis H, Liberman T, Cascio K, et al. 
GAP-ED project: Improving care for frail elderly patients presenting to 
the emergency department. Acad Emerg Med. 2017;24:S293–4.

	 94.	 Leung TH, Leung SC, Wong CKG. The effectiveness of an emergency 
physician-led frailty unit for the living-alone elderly: A pilot retrospec-
tive cohort study. Hong Kong J Emerg Med. 2020;27(3):162–7.

	 95.	 Marsden E, Taylor A, Wallis M, Craswell A, Broadbent M, Barnett A, 
et al. Effect of the Geriatric Emergency Department Intervention on 
outcomes of care for residents of aged care facilities: A non-randomised 
trial. Emerg Med Australas : EMA. 2020;32(3):422–9.

	 96.	 PuigCampmany M, BlazquezAndion M, Benito Vales S, Ris RJ. Develop-
ment of a comprehensive, multidisciplinary program of care for frailty 
in an emergency department. Europ Geriatr Med. 2019;10(1):37–46.

	 97.	 A geriatrician in the emergency department.https://​pavil​ionhe​altht​
oday.​com/​gm/a-​geria​trici​an-​in-​the-​emerg​ency-​depar​tment/.

https://doi.org/10.1157/13107944
https://doi.org/10.1157/13107944
https://doi.org/10.1071/AH19187
https://doi.org/10.1071/AH19187
https://pavilionhealthtoday.com/gm/a-geriatrician-in-the-emergency-department/
https://pavilionhealthtoday.com/gm/a-geriatrician-in-the-emergency-department/


Page 16 of 16Knight et al. BMC Geriatrics          (2023) 23:809 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	 98.	 Wallis M, Marsden E, Taylor A, Craswell A, Broadbent M, Barnett A, et al. 
The Geriatric Emergency Department Intervention model of care: a 
pragmatic trial. BMC Geriatr. 2018;18(1):297.

	 99.	 Argento V, Calder G, Ferrigno R, Skudlarska B. Geriatric emergency 
medicine service: a novel approach to an emerging trend. Conn Med. 
2014;78(6):339–43.

	100.	 Clarfield AM, Bergman H, Beaudet M, Sinoff G. A two-year follow-up 
of geriatric consults in the emergency department. J Am Geriatr Soc. 
1998;46(6):716–20.

	101.	 Fox J, Pattison T, Wallace J, Pradhan S, Gaillemin O, Feilding E, et al. 
Geriatricians at the front door: The value of early comprehensive 
geriatric assessment in the emergency department. Eur Geriatr Med. 
2016;7(4):383–5.

	102.	 Gentric A, Duquesne F, Graziana A, Sivy H, Duges F, Garo B, Boles JM. 
L’accueil gérontologique médicosocial aux urgences: une alternative 
à l’hospitalisation des personnes âgées en médecine? [A sociomedi-
cal geriatric assessment in the emergency units: an alternative to the 
hospitalization of aged patients?]. Rev Med Interne. 1998;19(2):85-90. 
https://​doi.​org/​10.​1016/​s0248-​8663(97)​83417-0.

	103.	 Jones S, Wallis P. Effectiveness of a geriatrician in the emergency 
department in facilitating safe admission prevention of older patients. 
Clinical Medicine. J R Coll Physicians Lond. 2013;13(6):561–4.

	104.	 Khan SA, Millington H, Miskelly FG. Benefits of an accident and emer-
gency short stay ward in the staged hospital care of elderly patients. J 
Accid Emerg Med. 1997;14(3):151–2.

	105.	 Ngian VJJ, Ong BS, O’Rourke F, Nguyen HV, Chan DKY. Review of a rapid 
geriatric medical assessment model based in emergency department. 
Age Ageing. 2008;37(6):696–9.

	106.	 O’Shaughnessy I, Edge L, Dillon A, Flynn S, Briggs R, Cunningham C, 
et al. Home FIRsT: interdisciplinary geriatric assessment and disposi-
tion outcomes in the Emergency Department. Eur J Intern Med. 
2021;85:50–5.

	107.	 Pareja T, Hornillos M, Rodriguez M, Martinez J, Madrigal M, Mauleon 
C, et al. Medical short stay unit for geriatric patients in the emergency 
department: clinical and healthcare benefits. Revista Espanola de 
Geriatria y Gerontologia. 2009;44(4):175–9.

	108.	 Roussel-Laudrin S, Paillaud E, Alonso E, Caillet P, Herbaud S, Merlier I, 
et al. The establishment of geriatric intervention group and geriatric 
assessment at emergency of Henri-Mondor hospital. Rev Med Interne. 
2005;26(6):458–66.

	109.	 Southerl LT, Nagaraj L, Caterino JM, Gure TR, Vargas AJ. An emergency 
department observation unit is a feasible setting for multidisciplinary 
geriatric assessments in compliance with the geriatric emergency 
department guidelines. Acad Emerg Med. 2018;25(1):76–82.

	110.	 Tan KM, Lannon R, O’Keeffe L, Barton D, Ryan J, O’Shea D, et al. Geriatric 
medicine in the emergency department. Ir Med J. 2012;105(8):271–4.

	111.	 Elias TCN, Bowen J, Hassanzadeh R, Lasserson DS, Pendlebury ST. 
Factors associated with admission to bed-based care: observational 
prospective cohort study in a multidisciplinary same day emergency 
care unit (SDEC). BMC Geriatr. 2021;21(1):8.

	112.	 Ellis G, Whitehead M, Robinson D, O’Neill D, Langhorne P. Compre-
hensive geriatric assessment for older adults admitted to hospital: A 
systematic review. CDSR. 2006;4:CD006211.

	113.	 Brickman KR, Silvestri JA. The emergency care model: A new para-
digm for skilled nursing facilities. Geriatric nursing (New York, NY). 
2020;41(3):242–7.

	114.	 Crilly J, Chaboyer W, Wallis M. A structure and process evaluation of an 
Australian hospital admission avoidance programme for aged care facil-
ity residents. J Adv Nurs. 2012;68(2):322–34.

	115.	 Crilly J, Chaboyer W, Wallis M, Thalib L, Polit D. An outcomes evaluation 
of an Australian Hospital in the Nursing Home admission avoidance 
programme. J Clin Nurs. 2011;20(7–8):1178–87.

	116.	 Lau L, Chong CP, Lim WK. Hospital treatment in residential care facilities 
is a viable alternative to hospital admission for selected patients. Geriatr 
Gerontol Int. 2013;13(2):378–83.

	117.	 Joseph JW, Kennedy M, Nathanson LA, Wardlow L, Crowley C, Stuck 
A. Reducing emergency department transfers from skilled nursing 
facilities through an emergency physician telemedicine service. West J 
Emerg Med. 2020;21(6):205–9.

	118.	 Parker SG, McCue P, Phelps K, McCleod A, Arora S, Nockels K, et al. What 
is Comprehensive Geriatric Assessment (CGA)? An umbrella review. Age 
Ageing. 2018;47(1):149–55.

	119.	 Baztan JJ, Suarez-Garcia FM, Lopez-Arrieta J, Rodriguez-Manas L, 
Rodriguez-Artalejo F. Effectiveness of acute geriatric units on functional 
decline, living at home, and case fatality among older patients admit-
ted to hospital for acute medical disorders: Meta-analysis. BMJ (Online). 
2009;338(7690):334–6.

	120.	 NHS Improvement NE. Same-day acute frailty services. 2019. Available 
from: https://​www.​engla​nd.​nhs.​uk/​wp-​conte​nt/​uploa​ds/​2021/​02/​
SDEC_​guide_​frail​ty_​May_​2019_​update.​pdf.

	121.	 Shepperd S, Goncalves-Bradley DC, Iliffe S, Doll HA, Clarke MJ, 
Kalra L, et al. Admission avoidance hospital at home. CDSR. 
2016;2016(9):CD007491.

	122.	 Arsenault-Lapierre G, Henein M, Gaid D, Le Berre M, Gore G, Vedel I. 
Hospital-at-Home Interventions vs In-Hospital Stay for Patients With 
Chronic Disease Who Present to the Emergency Department: A System-
atic Review and Meta-analysis. JAMA Netw Open. 2021;4(6):e2111568. 
https://​doi.​org/​10.​1001/​jaman​etwor​kopen.​2021.​11568.

	123.	 Emily M, Rosalia M-A, Lauren S, Alice R, David C, Chris I. Death within 
1 year among emergency medical admissions to Scottish hospitals: 
incident cohort study. BMJ Open. 2018;8(6):e021432.

	124.	 Knight M, Bergbaum C, Hussein T, Newman N, Bertfield D, Rawle MJ. 
Comprehensive geriatric assessment at the front-door pilot: Improv-
ing older adults care outcomes in Barnet Hospital. Eur Geriatr Med. 
2020;11:S176.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1016/s0248-8663(97)83417-0
https://www.england.nhs.uk/wp-content/uploads/2021/02/SDEC_guide_frailty_May_2019_update.pdf
https://www.england.nhs.uk/wp-content/uploads/2021/02/SDEC_guide_frailty_May_2019_update.pdf
https://doi.org/10.1001/jamanetworkopen.2021.11568

	Acute care models for older people living with frailty: a systematic review and taxonomy
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 
	Trial registration 

	Introduction
	Methods
	Study design
	Eligibility criteria and study selection
	Data sources and searches
	Data extraction and quality assessment
	Data synthesis

	Results
	Taxonomy
	Bedded acute frailty units models
	Hospital at home models
	ED in-reach models
	Acute care home models
	Outcome measurements
	Effectiveness
	Effectiveness of acute care models
	Bedded acute frailty unit models
	Hospital at home models
	ED in reach models


	Discussion
	Comparison with previous literature
	Implications for policy and future research
	Strength and limitations

	Conclusion
	Anchor 32
	Acknowledgements
	References


