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Abstract
Background: Older people living in Residential Aged Care (RAC) are at high risk of clinical deterioration. Telehealth
has the potential to provide timely, patient-centred care where transfer to hospital can be a burden and avoided. The
extent to which video telehealth is superior to other forms of telecommunication and its impact on management of
acutely unwell residents in aged care facilities has not been explored previously.
Methods: In this study, video-telehealth consultation was added to an existing program, the Aged Care Emergency
(ACE) program, aiming at further reducing Emergency Department (ED) visits and hospital admissions. This controlled pre-post study introduced video-telehealth consultation as an additional component to the ACE program for
acutely unwell residents in RACs. Usual practice is for RACs and ACE to liaise via telephone. During the study, when
the intervention RACs called the ED advanced practice nurse, video-telehealth supported clinical assessment and
management. Five intervention RACs were compared with eight control RACs, all of whom refer to one community
hospital in regional New South Wales, Australia. Fourteen months pre-video-telehealth was compared with 14 months
post-video-telehealth using generalized linear mixed models for hospital admissions after an ED visit and ED visits.
One thousand two hundred seventy-one ED visits occurred over the 28-month study period with 739 subsequent
hospital admissions.
Results: There were no significant differences in hospital admission or ED visits after the introduction of video-telehealth; adjusted incident rate ratios (IRR) were 0.98 (confidence interval (CI) 0.55 to 1.77) and 0.89 (95% CI 0.53 to 1.47)
respectively.
Conclusions: Video-telehealth did not show any incremental benefit when added to a structured hospital avoidance
program with nursing telephone support.
Trial registration: The larger Aged Care Emergency evaluation is registered with ANZ Clinical Trials Registry,
ACTRN12616000588493.
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Background
Telehealth is the use of information technology, specifically the addition of video-conferencing, for clinical care when distance and/or time separate the patient
and the healthcare provider [1]. It has the potential to
provide frail, older adults, particularly those living in
Residential Aged Care (RAC), with timely, patient-centered care where transfer to hospital can itself be a burden [2] and potentially avoided. Telehealth is proposed
as an important part of contemporary models of care
for geriatric emergency medicine [3] and has the potential to improve access to care [4].
In 2018, 7.6% of Australians over the age of 65 lived in
residential care [5]. RAC residents have higher risks of
hospitalization, and Emergency Department (ED) visits
[6–10] than older people who are living in the community [11]. Older people in RACs are living the last years
of their life. They are at high risk of acute clinical deterioration, often complicated by frailty and multi-morbidity
[5]. Hospitalization risk [11] includes delirium, pressure
injury, falls, sarcopenia [12] and medication errors [11].
Programs to better support their healthcare needs in the
RAC and avoid transfer to the ED, mitigate this risk [13].
It is also important to recognise that when avoiding hospitalization, residents of RACs should still receive the
acute care they require, in line with their goals of care.
Transitional care is a set of actions that promotes
continuity, avoids poor outcomes and promotes timely
and safe transfer of patients at critical exchange points,
from one type or level of healthcare to another [14]. The
Aged Care Emergency (ACE) program is a collaboration
between RACs, the Local Health District, and primary
health organizations aiming to avoid hospitalization and
support transitional care to manage acutely unwell residents [13]. It includes 24-h nurse-led telephone support
with evidence-based algorithms for common symptoms
and problems. When transfer is required, the reason for
the transfer and the resident’s goals of care are clarified.
The ACE program has engaged 81 RACs that primarily transfer residents to nine EDs across a large regional
Local Health District (LHD) of Northern and Western
New South Wales (NSW), Australia, including regional
and rural communities. Evaluation of the implementation of the program across the region has shown a 20%
reduction in ED visits and hospitalizations [13]. A local
organization with several RACs approached their ACE
partnering hospital to trial telehealth as an additional
component to the ACE program.

The objective of this study was to determine if adding
video-telehealth consultation to the established ACE program further reduced ED visits and hospital admissions.

Methods
Study design

This exploratory study was a controlled pre-post study
conducted after the completion of a larger stepped wedge
non-randomized trial, which assessed the effect of the
Aged Care Emergency (ACE) program [13]. The prephase represented 14 months of hospital data collected
prior to the delivery of the video-telehealth strategy (i.e.
ACE program alone), while the post-phase represents
the 14 months of hospital data collected from the time of
implementation of the video-telehealth strategy (i.e. ACE
program plus video-telehealth).
Study setting and participants

Video-telehealth was introduced in Lake Macquarie,
NSW, Australia using the 13 RACs referring patients to
the same community Hospital ED (Belmont, NSW) as
part of the ACE program. The five intervention RACs all
belonged to one not-for-profit aged care organization.
The remaining eight RACs acted as control and did not
use video-telehealth as part of the program. Table 1 has
further details regarding RAC number of beds, access to
registered nurses (RNs), dementia-specific beds and respite beds.
The ACE hospital avoidance program had been
implemented in both telehealth and control sites at
least 9 months prior to data collected for this study (i.e.
23 months prior to commencement of the intervention).
Intervention

The telehealth intervention was activated in two clinical
scenarios:
Table 1 Residential Aged Care: characteristics of facilities
Telehealth
Variable

No
(n = 8)

Yes
(n = 5)

Total
(N = 13)

Dementia care

Yes

3 (38%)

3 (60%)

6 (46%)

Respite

Yes

5 (63%)

3 (60%)

8 (62%)

24/7 RN

Yes

7 (88%)

4 (80%)

11 (85%)

Number of beds median (Q1, Q3) 71 (54, 99) 60 (42, 63) 60 (52, 91)
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Acute change in condition that may require transfer
to hospital

For the five intervention RACs, when the RAC called
the ED aged care RN associated with the ACE program,
the video-telehealth pathway was only activated 7-days
a week for calls between 8 am to 4 pm. This involved
two-way, real-time interactive communication between
the resident with support from RAC staff and ED [15].
The RAC staff member activated the call, managed the
patient, managed the camera and equipment and undertook tasks to support the telehealth call. They also considered the recommendations from the ED RN regarding
management including maintenance in the RAC or transfer to the ED. Out of hours, telephone support continued
to be provided by the primary health organization as part
of the ACE program, with no video enhancement [13].
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and subsequent hospital admissions were collected on a
monthly basis. Data 14 months before the intervention
and 14 months after the intervention, from May 2015 to
August 2017 were analyzed.
Outcomes

The primary outcome was hospital admissions and secondary outcome was ED visits.
Statistical analysis

When the resident was unwell, a portable computer tablet device that could be held by the resident with nursing
support was taken to the resident’s bedside. In the hospital, the ED aged care RNs and ward RNs used a computer on wheels with external speakers to enhance sound
quality. Scopia software [16] was used as it is web-based,
secure and downloaded rapidly if family or caregivers
were included in the call. The LHD telehealth personnel
were available by telephone when required; they recommended equipment and assisted with training both hospital and RAC staff. An advanced practice RN supported
the program 1 day a week including trouble shooting,
change management and training as well as monthly
project meetings with stakeholders. The RN trained the
RAC and hospital administrative and nursing staff. Stakeholders included a nurse educator and nurse practitioner
from the RAC organization, the ACE program advanced
practice RN, LHD telehealth support as well as ED and
older persons’ ward representatives from the hospital.

Descriptive statistics were used to describe the study
sample and main study outcomes. They are presented
overall and separately by telehealth group for the preand post-telehealth phase in Table 2.
Generalized linear mixed models (GLMM) assuming
a negative binomial distribution and applying a log-link
function were used to estimate differences in changes
over time between control and telehealth RACs in the
log value of the following outcomes: (1) number of inpatient admissions per month; (2) number of ED visits
per month. Negative binomial models were used as the
outcomes were all count variables that illustrated overdispersion. All models included a random intercept for
RAC to account for clustering by RAC, and fixed effects
for: receipt of the telehealth strategy (yes vs. no), phase of
the study (pre-telehealth phase vs. post-telehealth phase)
and receipt of the telehealth strategy by telehealth phase
interaction term. A model adjusting for RAC characteristics was also conducted to control for potential confounding due to the non-randomized design of the trial.
In the adjusted models the following RAC characteristics were included as fixed effects: dementia care, respite
beds and presence of 24 h-a-day 7 days-a-week RNs (see
Table 1). Furthermore, an offset of the log number of
beds per RAC was also included in all models to account
for variation in the number of beds between RACs.
The incidence rate ratios (IRR) (i.e. exponentiated
parameter estimates) and 95% Confidence Intervals (CI)
from the unadjusted and adjusted models are presented
for the change in outcomes from pre to post-telehealth
phase for both groups and the receipt of telehealth strategy by telehealth phase interaction. The p-value from the
adjusted model is presented for the interaction term. A
significant difference in the telehealth phase by receipt of
telehealth strategy interaction effect at the 0.05 p-value
was used to evaluate the effectiveness of the telehealth
strategy.

Data collection

Sample size

Clinical handover from hospital to RAC

When a new or returning patient was being transferred
to the RAC, a planned video-telehealth enhanced clinical handover occurred while the patient was in hospital with a booked appointment. A follow-up phone call
occurred within the next week to provide clarification of
clinical handover between the RAC RN and the hospital
RN. Control sites continued to have telephone clinical
handover.
Equipment, telehealth support and training

Patient clinical and demographic characteristics, ED
visits for all the hospitals across of the LHD, admission
status, admission diagnosis, data relating to ED visits,

Based on 160 admissions per year from 393 beds, we estimated a ~ 40% admission incidence density; this number
of beds gave us 80% power at p = 0.05 to detect a 10% difference in admissions.
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Table 2 Characteristics of Emergency Department visits by telehealth group pre and post-delivery of the telehealth strategy
Variable

Pre-intervention control Post(n = 461)
intervention
control
(n = 435)

Preintervention
telehealth
(n = 201)

Post
-intervention
telehealth
(n = 174)

Total
(N = 1271)

Sex

Female

297 (64%)

291 (67%)

133 (66%)

121 (70%)

842 (66%)

Arrived by ambulance

Yes

423 (92%)

403 (93%)

185 (92%)

166 (95%)

1177 (93%)

Triage category

Disposition

Triage diagnosis

Resuscitation

9 (2.0%)

4 (0.9%)

0 (0%)

3 (1.7%)

16 (1.3%)

Emergency

62 (13%)

74 (17%)

26 (13%)

26 (15%)

188 (15%)

Urgent

153 (33%)

141 (32%)

73 (36%)

56 (32%)

423 (33%)

Semi-urgent

215 (47%)

202 (46%)

92 (46%)

84 (48%)

593 (47%)

Non-urgent

22 (4.8%)

14 (3.2%)

10 (5.0%)

5 (2.9%)

51 (4.0%)

Critical care ward

22 (4.8%)

22 (5.1%)

10 (5.0%)

12 (6.9%)

66 (5.2%)

Discharged

190 (41%)

154 (35%)

75 (37%)

57 (33%)

476 (37%)

General ward

232(50%)

229 (53%)

113 (56%)

99 (57%)

673 (53%)

Transferred to other hospital

14 (3.0%)

20 (4.6%)

3 (1.5%)

6 (3.4%)

43 (3.4%)

Carer Concern

28 (6.3%)

22 (5.4%)

6 (3.1%)

8 (4.8%)

64 (5.3%)

Chest pain

17 (3.8%)

10 (2.5%)

10 (5.2%)

8 (4.8%)

45 (3.7%)

Collapse/Syncope

11 (2.5%)

9 (2.2%)

6 (3.1%)

2 (1.2%)

28 (2.3%)

Confusion

22 (5.0%)

26 (6.4%)

8 (4.1%)

6 (3.6%)

62 (5.1%)

Fall, Unspecified

114 (26%)

115 (28%)

54 (28%)

53 (32%)

336 (28%)

Fever

9 (2.0%)

20 (4.9%)

4 (2.1%)

6 (3.6%)

39 (3.2%)

Injury

26 (5.9%)

18 (4.4%)

14 (7.3%)

14 (8.4%)

72 (6.0%)

Other

151 (34%)

117 (29%)

64 (33%)

42 (25%)

374 (31%)

Pain - Abdominal

12 (2.7%)

11 (2.7%)

7 (3.6%)

5 (3.0%)

35 (2.9%)

Respiratory - Cough

10 (2.3%)

14 (3.5%)

4 (2.1%)

8 (4.8%)

36 (3.0%)

Respiratory - Shortness of
Breath

33 (7.4%)

33 (8.1%)

11 (5.7%)

12 (7.2%)

89 (7.4%)

Urinary Problems

11 (2.5%)

10 (2.5%)

5 (2.6%)

3 (1.8%)

29 (2.4%)

Died in hospital

Yes

29 (6.3%)

53 (12%)

12 (6.0%)

13 (7.5%)

107(7.9%)

Age

median (Q1, Q3)

87 (83, 91)

87 (82, 91)

87 (83, 91)

369 (246, 566)

337 (235, 508) 350 (239, 587)

Length of stay ED (mins) median (Q1, Q3)

Ethics

The study was reviewed and approved as low and negligible risk by the Hunter New England Human Research
Ethics Committee. Individual patient consent was not
required. LNR/14/HNE/242-14/06/18/5.10. Our research
was performed in accordance with the Declaration of
Helsinki and its relevant guidelines and regulations.

Results
As indicated in Table 1, the five telehealth intervention
and eight control RACs had similar characteristics except
for dementia beds. There was a total of 733 hospital
admissions across the 28-month period of the study for
the 13 RACs; 226 from RACs that received intervention
(115 in the pre-telehealth phase and 111 in the post-telehealth phase) and 507 from RACs that did not receive
the telehealth strategy (249 in the pre-telehealth phase
and 258 in the post-telehealth phase). One thousand two
hundred seventy-one ED visits occurred, 375 from sites

89 (84, 92)

87 (83, 91)

371 (255, 518)

356 (239, 549)

that received the telehealth intervention strategy (201 in
the pre telehealth phase and 174 in the post telehealth
phase); and 896 occurred in the control sites (461 in
the pre-telehealth phase and 435 in the post telehealth
phase). Table 2 details the demographic and clinical characteristics of the ED visits that occurred for sites taking
part in the telehealth study by phase.
There was no significant difference in hospital admission or ED visits after the introduction of telehealth.
When controlling for RAC characteristics and adjusting for clustering by RAC, RACs receiving the telehealth
strategy had an approximately 2% lower admission
rate during the post-telehealth phase compared to the
pre-telehealth phase; RACs that did not receive the telehealth strategy had an approximately 3% higher admission rate during the post-telehealth phase compared to
the pre-telehealth phase. Therefore, the admission rate
was 5% lower for RACs receiving the telehealth strategy
compared to those not receiving the telehealth strategy
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(Table 3 and Fig. 1A), however, the difference between
the two groups was not statistically significant.
ED visit rates were approximately 11% lower during
the post-telehealth phase compared to the pre-telehealth
phase; RACs that did not receive the telehealth strategy
had an approximately 6% lower ED visit rate during the
post-telehealth phase compared to the pre-telehealth
phase. However, the difference between the two groups
in the change in ED visit rates from the pre to post-telehealth was not statistically significant, which was approximately 5% lower for RACs receiving the telehealth
strategy compared to those not receiving the telehealth
strategy (Table 3 and Fig. 1B).
The mean monthly rates of ED visits and hospital
admissions per 1000 beds per month, for each of the
intervention conditions and by telehealth group are
shown in Table 4. The rates of ED visits and hospital
admissions were similar across groups. There was limited
difference in the change in ED visits and admissions over
time between the two telehealth groups, which supports
the results from the GLMM models.

Discussion
Video-telehealth can support programs to reduce hospitalization, providing clinical assessment and management via live video interactions with residents, their
families and staff [9, 17]. It adds visual information, compared with telephone for complex patients between hospitals and RACs [15]. By providing more comprehensive
clinical communication, clinicians’ decision making and
more integrated transitional care can be supported [15].
This study demonstrated a 2% reduction in admissions
and an 11% reduction in ED visits in the telehealth intervention RACs, compared with a 3% increase in hospital
admissions in the control sites and a 6% reduction in ED
visits; however, none of these differences between the
two groups from pre to post telehealth phase were statistically significant. It is important to acknowledge that
this study was in addition to an established RAC hospital
avoidance program which was available to both control
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and intervention sites. It may be that adding visual data
does not change clinical decision-making regarding need
for urgent transfer to ED on the background of an established and effective hospital avoidance program.
Despite the expectation that telehealth should support
reduction in hospitalization of RAC residents, our findings are aligned to the limited evidence to date. Some
of the reported literature is lower quality, in the form of
case studies only, with no control data [18] or only historical comparisons [19–22]. Grabowski [17] undertook
a cluster randomised control trial with 11 nursing homes
from one for-profit chain in the USA. They also reported
null findings with no significant effect on hospitalization.
When they undertook a post-hoc analysis, they found
that more engaged nursing homes had a significant 11%
reduction in hospitalization, similar to the findings in
our study [13]. Stern [23] also undertook a cluster randomised control trial in 12 long term care homes for
management of pressure injuries. They found an increase
in hospitalization of 20% with telehealth, though again,
this was not significant, p = 0.52.
Although there was not a change in ED visits or subsequent hospital admissions in our study, this doesn’t
mean that video-telehealth consultation is not of value.
We included new or returning residents to RACs in our
intervention because arrival in the RAC is reported to be
a time when residents are often acutely unwell and at risk
of readmission [24, 25]. This non-urgent telehealth consultation was designed to allow clinical and administrative staff in both the hospital and RAC the opportunity to
develop familiarity and confidence in the telehealth process without the added burden of caring for an acutely
unwell resident. It has been reported that adding video to
the telephone call can allow RAC clinicians to meet the
resident before they arrived, and allow family who may
be geographically distant from the resident to be involved
in transitional care [15]. It also reported that there can
be improved integration of care with nursing home and
hospital staff, developing a shared understanding of the
complexity of clinical need in both settings [20].

Table 3 Regression results from GLMM models for ED visits and hospital admissions

ED visits

Hospital admissions

Parameter

Univariate incident Rate
Ratio (95% CI)

Adjusted Incident Rate
Ratio (95% CI)

Adjusted
Type III
p-value

Change from pre to post (Telehealth group)

0.89 (0.53,1.48)

0.89 (0.53,1.47)

.

Change from pre to post (Control group)

0.94 (0.78,1.13)

0.94 (0.78,1.13)

.

Interaction term

0.95 (0.55,1.62)

0.95 (0.55,1.62)

0.8387

Change from pre to post (Telehealth group)

0.98 (0.55,1.77)

0.98 (0.55,1.77)

.

Change from pre to post (Control group)

1.03 (0.75,1.42)

1.03 (0.75,1.41)

.

Interaction term

0.95 (0.49,1.85)

0.95 (0.49,1.85)

0.8864
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Fig. 1 Hospital admissions (A) and ED visits (B) per 1000 RAC beds per month by study period and group

Table 4 Rate of ED visit and hospital admissions per 1000 RAC beds per month
No Telehealth
Variable
ED visits per 1000
RAC beds per month
Hospital admissions
per 1000 RAC beds
per month

Pre -intervention
control

Telehealth
Post-intervention control

Pre-intervention

Post-intervention

mean (SD)

1.82 (1.22)

1.67 (1.28)

1.88 (1.54)

1.71 (1.62)

median (Q1, Q3)

1.66 (0.89, 2.49)

1.33 (0.73, 2.12)

1.59 (0.71, 2.83)

1.26 (0.53, 2.55)

mean (SD)

0.97 (0.83)

0.93 (0.75)

1.07 (1.04)

1.08 (1.08)

median (Q1, Q3)

0.68 (0.34, 1.29)

0.69 (0.35, 1.29)

0.79 (0.37, 1.54)

0.79 (0.35, 1.54)

Hullick et al. BMC Geriatrics

(2022) 22:40

Telehealth is an important technology innovation for
clinical assessment and management of older people living in RACs. It can allow residents to be clinically supported in a familiar environment. Lyketsos [20] and
Moore [24] reported that telehealth supports transitional
care, clinical handover through virtual communication. Staff in our study valued telehealth handover when
receiving information. Gillespie suggests that telehealth
can support involvement of family and carers who otherwise may have been excluded [15]. It improves equity in
access to care [4, 17, 19, 21, 26]. Salles undertook a survey
of GPs who referred nursing home residents to a multidisciplinary geriatric outpatient clinic in France [19].
Concerningly, they reported that 24% of GPs responded
that the patient would not have received any additional
treatment at all if the telehealth clinic was not available
given the frailty and complexity of residents and risk and
burden of hospitalization [22].
One of the positive outcomes in the COVID-19 pandemic in Australia and the USA [27] has been temporary
billing options for primary care telehealth [28]. Improving access to primary care and reducing fragmentation
of care, is a better option for residents of RACs, than a
service from clinicians in the ED, who don’t know them.
Interestingly, in Australia, during the pandemic, the
majority of telehealth consultations in general practice
has been by telephone with only 1% using video [29].
Financial incentives including funding models for telehealth are seen as an important way to facilitate access
and to integrate telehealth into routine care [15, 30].
Our study followed the introduction of a multicomponent intervention [13], that had already increased the
RAC staff ability to manage acutely unwell residents,
avoiding ED transfer and hospital admissions where possible. Relationships and collaboration had been developed as part of the ACE community of practice [31]. It
may be that the ACE program had strengthened the ability for the RACs to implement telehealth but that videotelehealth consultation was not a significant advantage
over the telephone support that was already being provided, particularly in changing clinical decisions about
whether or not a resident should be transferred to hospital. Through increasing confidence and collaboration of a
structured hospital avoidance program, video-telehealth
could be added as a discretionary tool for clinicians when
they require extra visual data to determine clinical assessment and management, particularly the decision to send
a resident to hospital.
Strengths and limitations

The strengths of our study include its robust methodology: we controlled for size of the RAC, access to 24 h
RNs and other factors, and had a concurrent control
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group. It was also a real world pragmatic trial [32, 33]
using hospital administrative data, rather than selfreported hospital avoidance [34, 18].
We added telehealth in addition to a well-established hospital avoidance program. The limitations are
that it involved one engaged RAC organization that
was prepared to collaborate with one hospital over a
28 month period and may not be generalisable to other
RACs where there will be varying levels of engagement
as described by Grabowski [17]. Through previous
engagement with the ACE program, the RAC organization may have already reduced the numbers of ED visits that were potentially avoidable. It is likely we would
have seen a bigger impact if sites had not already had
access to this program. Investigating the impact of a
single intervention as part of a larger multicomponent
intervention is difficult and may require different methodologies for evaluation. We have not reported other
important elements for evaluation, including staff satisfaction, resident and family experience, cost analysis, and readmission and these need to be a focus for
future research. The protocol for this proposed larger
evaluation of telehealth has been published [35]. Future
research could also include the role of telehealth in
transitional care, care coordination and non-urgent
transfers.

Conclusions
Video-telehealth tended to reduce hospitalization of
acutely unwell residents of RACs, however, this was not
significantly different as an addition to an established and
structured hospital avoidance program with nursing telephone support. Given the promotion of video-telehealth,
more research is required into how to make urgent
video-telehealth manageable in busy RAC, primary care,
and ED environments with competing patient priorities
where telephone alone may be all that is required.
Abbreviations
ACE: Aged Care emergency; ED: Emergency Department; RAC: Residential
Aged Care; IRR: Incident rate ratio; CI: Confidence interval; LHD: Local Health
District; NSW: New South Wales; RNs: Registered nurses; GLMM: Generalized
linear mixed models.
Acknowledgements
Ms. Janet Sykes, Nurse Educator, Anglican Care for her leadership in training,
implementing, problem solving in implementing telehealth as well as her
commitment to caring for older people living in Residential Aged Care.
Authors’ contributions
Author contributions CH, JH, CO, JC, JA provided the conception and the
design of the study, analysis and interpretation of the data, and drafting the
manuscript. AH and CO performed analysis of the data, assisted with drafting
and reviewed final draft of the manuscript. WM, JC, JH implemented the
intervention and collected data. They also reviewed and approved the draft
and final version of the manuscript.

Hullick et al. BMC Geriatrics

(2022) 22:40

Funding
Hunter New England Local Health District provided an innovation scholarship
that covered the cost of the extra advanced practice registered nurse for telehealth 1 day a week as well as research costs. All other partners were funded
within their usual roles within the health system.

Page 8 of 9

9.

Availability of data and materials
De-identified data is available at request to the authors.
10.

Declarations
Ethics approval and consent to participate
The study was reviewed and approved as low and negligible risk by the
Hunter New England Human Research Ethics Committee. LNR/14/HNE/24214/06/18/5.10. Individual patient consent was not required by the Human
Research Ethics Committee.
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no conflict of interest. They are employees
of the government funded healthcare organisations, WM was employed to
implement the telehealth program. CH, clinical lead for the Aged Care Emergency program and JA are also both employed by Hunter New England Local
Health District. JC is employed by Anglican Care, the not-for-profit aged care
organization that participated in the research. JH is employed by Hunter New
England Central Coast Primary Health Network.
Author details
1
School of Medicine and Public Health, University of Newcastle, Callaghan,
Australia. 2 Belmont Hospital, Hunter New England Local Health District,
Belmont, Australia. 3 Hunter Medical Research Institute, New Lambton Heights,
Australia. 4 John Hunter Hospital, Hunter New England Health, Locked Bag 1,
HRMC, New Lambton Heights, NSW 2310, Australia. 5 Anglican Care, Booragul,
Australia. 6 Hunter New England Central Coast Primary Health Network, Newcastle West, Australia.

11.

12.

13.

14.

15.

16.
17.

Received: 27 July 2021 Accepted: 6 December 2021
18.

References
1. Shah MN, Gillespie SM, Wood N, Wasserman EB, Nelson DL, Dozier
A, et al. High-intensity telemedicine-enhanced acute care for older
adults: an innovative healthcare delivery model. J Am Geriatr Soc.
2013;61(11):2000–7. https://doi.org/10.1111/jgs.12523.
2. Gray LC, Edirippulige S, Smith AC, Beattie E, Theodoros D, Russell T, et al.
Telehealth for nursing homes: the utilization of specialist services for
residential care. J Telemed Telecare. 2012;18(3):142–6. https://doi.org/10.
1258/jtt.2012.SFT105.
3. Carpenter CR, Platts-Mills TF. Evolving prehospital, emergency department, and “inpatient” management models for geriatric emergencies. Clin
Geriatr Med. 2013;29(1):31–47. https://doi.org/10.1016/j.cger.2012.09.003.
4. Newbould L, Mountain G, Hawley MS, Ariss S. Videoconferencing for
health care provision for older adults in care homes: a review of the
research evidence. Int J Telemed Appl. 2017;2017:5785613. https://doi.
org/10.1155/2017/5785613.
5. Australian Institute of Health and Welfare (2020) GEN aged care data:
People’s care needs in aged care. https://www.gen-agedcaredata.gov.au/
Topics/Care-needs-in-aged-care. Accessed 14 Nov 2021.
6. Mor V, Intrator O, Feng Z, Grabowski DC. The revolving door of rehospitalization from skilled nursing facilities. Health Aff (Millwood). 2010;29(1):57–
64. https://doi.org/10.1377/hlthaff.2009.0629.
7. Ouslander J. Strategies to reduce potentially avoidable hospitalisations
among long-term care facility residents. BMJ Qual Saf. 2019;28(7):515–
9. https://doi.org/10.1136/bmjqs-2019-009384.
8. Vasilevskis EE, Ouslander JG, Mixon AS, Bell SP, Jacobsen JM, Saraf AA,
et al. Potentially avoidable readmissions of patients discharged to

19.

20.

21.
22.

23.

24.

25.

post-acute care: perspectives of hospital and skilled nursing facility
staff. J Am Geriatr Soc. 2017;65(2):269–76. https://doi.org/10.1111/jgs.
14557.
Huckfeldt PJ, Kane RL, Yang Z, Engstrom G, Tappen R, Rojido C, et al.
Degree of implementation of the interventions to reduce acute care
transfers (INTERACT) quality improvement program associated with
number of hospitalizations. J Am Geriatr Soc. 2018;66(9):1830–7.
https://doi.org/10.1111/jgs.15476.
Bogaisky M, Dezieck L. Early hospital readmission of nursing home
residents and community-dwelling elderly adults discharged from the
geriatrics service of an urban teaching hospital: patterns and risk factors. J Am Geriatr Soc. 2015;63(3):548–52. https://doi.org/10.1111/jgs.
13317.
Dwyer R, Gabbe B, Stoelwinder JU, Lowthian J. A systematic review of
outcomes following emergency transfer to hospital for residents of
aged care facilities. Age Ageing. 2014;43(6):759–66. https://doi.org/10.
1093/ageing/afu117.
Zhao Y, Zhang Y, Hao Q, Ge M, Dong B. Sarcopenia and hospitalrelated outcomes in the old people: a systematic review and metaanalysis. Aging Clin Exp Res. 2019;31(1):5–14. https://doi.org/10.1007/
s40520-018-0931-z.
Hullick CJ, Hall AE, Conway JF, Hewitt JM, Darcy LF, Barker RT, et al.
Reducing hospital transfers from aged care facilities: a large-scale
stepped wedge evaluation. J Am Geriatr Soc. 2021;69(1):201–9. https://
doi.org/10.1111/jgs.16890.
Naylor MD, Aiken LH, Kurtzman ET, Olds DM, Hirschman KB. The care
span: the importance of transitional care in achieving health reform.
Health Aff (Millwood). 2011;30(4):746–54. https://doi.org/10.1377/hltha
ff.2011.0041.
Gillespie SM, Moser AL, Gokula M, Edmondson T, Rees J, Nelson D, et al.
Standards for the use of telemedicine for evaluation and management
of resident change of condition in the nursing home. J Am Med Dir
Assoc. 2019;20(2):115–22. https://doi.org/10.1016/j.jamda.2018.11.022.
DEKOM (2020) Avaya Scopia Desktop. https://www.dekom.com/en/
video-conferencing/product/avaya-scopia-desktop/. Accessed 26 Nov
2020 2020.
Grabowski DC, O’Malley AJ. Use of telemedicine can reduce hospitalizations of nursing home residents and generate savings for medicare.
Health Aff (Millwood). 2014;33(2):244–50. https://doi.org/10.1377/hltha
ff.2013.0922.
Chess D, Whitman JJ, Croll D, Stefanacci R. Impact of after-hours telemedicine on hospitalizations in a skilled nursing facility. Am J Manag
Care. 2018;24(8):385–8.
Salles N, Lafargue A, Cressot V, Glenisson L, Barateau M, Thiel E, et al.
Global geriatric evaluation is feasible during interactive telemedicine in nursing homes. Eur Res Telemed/ La Recherche Eur Téléméd.
2017;6(2):59–65. https://doi.org/10.1016/j.eurtel.2017.06.002.
Lyketsos CG, Roques C, Hovanec L, Jones BN 3rd. Telemedicine use and
the reduction of psychiatric admissions from a long-term care facility.
J Geriatr Psychiatry Neurol. 2001;14(2):76–9. https://doi.org/10.1177/
089198870101400206.
Hui E, Woo J, Hjelm M, Zhang YT, Tsui HT. Telemedicine: a pilot study in
nursing home residents. Gerontology. 2001;47(2):82–7. https://doi.org/
10.1159/000052778.
Hofmeyer J, Leider JP, Satorius J, Tanenbaum E, Basel D, Knudson A.
Implementation of telemedicine consultation to assess unplanned
transfers in rural Long-term care facilities, 2012-2015: a pilot study. J
Am Med Dir Assoc. 2016;17(11):1006–10. https://doi.org/10.1016/j.
jamda.2016.06.014.
Stern A, Mitsakakis N, Paulden M, Alibhai S, Wong J, Tomlinson G, et al.
Pressure ulcer multidisciplinary teams via telemedicine: a pragmatic
cluster randomized stepped wedge trial in long term care. BMC Health
Serv Res. 2014;14:83. https://doi.org/10.1186/1472-6963-14-83.
Moore AB, Krupp JE, Dufour AB, Sircar M, Travison TG, Abrams A, et al.
Improving transitions to postacute care for elderly patients using a
novel video-conferencing program: ECHO-Care transitions. Am J Med.
2017;130(10):1199–204. https://doi.org/10.1016/j.amjmed.2017.04.041.
Jacobs B. Reducing heart failure hospital readmissions from skilled nursing facilities. Prof Case Manag. 2011;16(1):18–24; quiz 25-16. https://doi.
org/10.1097/NCM.0b013e3181f3f684.

Hullick et al. BMC Geriatrics

(2022) 22:40

Page 9 of 9

26. Driessen J, Bonhomme A, Chang W, Nace DA, Kavalieratos D, Perera
S, et al. Nursing home provider perceptions of telemedicine for
reducing potentially avoidable hospitalizations. J Am Med Dir Assoc.
2016;17(6):519–24. https://doi.org/10.1016/j.jamda.2016.02.004.
27. Gillespie SM, Handler SM, Bardakh A. Innovation through regulation:
COVID-19 and the evolving utility of telemedicine. J Am Med Dir Assoc.
2020;21(8):1007–9. https://doi.org/10.1016/j.jamda.2020.06.054.
28. Australian Government Department of Health (2020) Update on COVID19 MBS telehealth items. Health care homes. https://www1.health.gov.
au/internet/main/publishing.nsf/Content/health-care-homes.
29. Snoswell CL, Caffery LJ, Haydon HM, Thomas EE, Smith AC. Telehealth
uptake in general practice as a result of the coronavirus (COVID-19)
pandemic. Aust Health Rev. 2020;44(5):737–40. https://doi.org/10.1071/
AH20183.
30. Thomas EE, Haydon HM, Mehrotra A, Caffery LJ, Snoswell CL, Banbury A,
et al. Building on the momentum: sustaining telehealth beyond COVID19. J Telemed Telecare. 2020:1357633X20960638. https://doi.org/10.1177/
1357633X20960638.
31. Ranmuthugala G, Plumb JJ, Cunningham FC, Georgiou A, Westbrook JI,
Braithwaite J. How and why are communities of practice established in
the healthcare sector? A systematic review of the literature. BMC Health
Serv Res. 2011;11:273. https://doi.org/10.1186/1472-6963-11-273.
32. Zimmerman S, Sloane PD. Making pragmatic trials pragmatic in postacute and long-term care settings. J Am Med Dir Assoc. 2019;20(2):107–9.
https://doi.org/10.1016/j.jamda.2018.12.021.
33. Carpenter CR, Malone ML. Avoiding therapeutic nihilism from complex
geriatric intervention “negative” trials: STRIDE lessons. J Am Geriatr Soc.
2020. https://doi.org/10.1111/jgs.16887.
34. Ouslander JG, Lamb G, Tappen R, Herndon L, Diaz S, Roos BA, et al. Interventions to reduce hospitalizations from nursing homes: evaluation of
the INTERACT II collaborative quality improvement project. J Am Geriatr
Soc. 2011;59(4):745–53. https://doi.org/10.1111/j.1532-5415.2011.03333.x.
35. Sunner C, Giles MT, Parker V, Dilworth S, Bantawa K, Kable A, et al. PACE-IT
study protocol: a stepped wedge cluster randomised controlled trial
evaluating the implementation of telehealth visual assessment in emergency care for people living in residential aged-care facilities. BMC Health
Serv Res. 2020;20(1):672. https://doi.org/10.1186/s12913-020-05539-1.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

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

• 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

