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T he Long-Term In-Home Ventilator Engagement (LIVE) 
program is a new virtual care program, rolled out dur-
ing the coronavirus disease 2019 (COVID-19) pandemic 

to enable specialized centres to provide virtual support to peo-
ple using home mechanical ventilation (HMV). At present, 
251  patients from 8 hospital HMV programs (pediatric and 
adult) in Ontario are participating in the LIVE program. 

Home mechanical ventilation is one of the most advanced, 
highly specialized and complex long-term therapies offered 
to patients outside of a hospital setting. In previous work 
using health administrative databases, our group estimated 
the prevalence of HMV in Canada to be 12.9/100 000 people.1 
Patients are frequent users of the health care system, with 
high associated costs. Within 12 months of HMV initiation, 
49.9% of patients have an emergency department visit, 29.9% 
are admitted to hospital, 43.9% use home care services and 
only 75.3% survive 1 year.2 The estimated median monthly 
public and private health care costs are $8733 (interquartile 
range [IQR] $5868–$15 274) for patients who are invasively 
ventilated and $3925 (IQR $1212–$7390) for patients living at 
home on noninvasive ventilation.3

The COVID-19 pandemic has been an unparalleled threat 
to the Canadian health care system. 4 Users of  home 
mechanical ventilation are at an increased risk of worsening 
respiratory failure and death secondary to severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2), given 
their ongoing chronic respiratory insufficiency.5,6 Admitting 
HMV users to hospital uses scarce hospital ventilators 
needed for others — and possibly very difficult decisions 
about who should receive ventilation.7 Patients on HMV are 
particularly fearful of exposure to SARS-CoV-2 and avoid 
travel within the community, including for follow-up visits 
at the hospital. Virtual care offers a solution that enables 
patient- and family-centred care, facilitates knowledge 
sharing across health care sectors, ensures timely access to 
clinicians with the needed expertise and overcomes dis-
tance, cost and time constraints.8 The COVID-19 pandemic 
presented a pressing need for an innovative, virtual tele-
health program for HMV users to keep these patients well 
and in their homes.

What is the Long-Term In-Home Ventilator 
Engagement (LIVE) program?

The LIVE program is an intensive clinical management pro-
gram delivered via an e-health platform (aTouchAway, Aeto-
nix), creating a circle of care that includes HMV clinical teams, 
ventilator technology support specialists (the Ontario Ventila-
tor Equipment Pool [ON-VEP]), the patient and their family 
caregivers. The LIVE program was codesigned by patients, fam-
ilies, health care professionals and clinical academics, in col-
laboration with our e-health partner. By bringing the expertise 
of HMV specialists virtually into the home, LIVE overcomes bar-
riers related to distance and travel for patients who are often 
fragile and dependent on complex equipment that is hard to 
transport, as well as the risk of exposure to SARS-CoV-2. The 
standard of care before COVID-19 included in-person clinic vis-
its with the specialized HMV team every 3–6 months for clinical 
assessment and ventilator data downloads. In addition, a 
respiratory therapist from the ON-VEP is available at all hours 
for equipment-related issues. The LIVE program comprises a 
multicomponent intervention that includes virtual home visits, 
customizable care plans and clinical workflows for respiratory 
symptoms and signs. It also addresses ventilator issues. The 
platform enables telemonitoring of oximeters and ventilators, 
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KEY POINTS
• The Long-Term In-Home Ventilator Engagement (LIVE) program 

in Ontario offers a multicomponent e-health intervention that 
enables secure, virtual home visits, customizable care plans and 
clinical workflows for respiratory symptoms and signs, as well 
as ventilator issues, telemonitoring of oximeters and ventilators 
and an integrated resource library.

• To date, the LIVE program has supported 251 children and 
adults using home mechanical ventilation from 8 programs in 
Ontario.

• Patients and families report feeling “connected, empowered 
and safe,” and health care providers remark about the “ease of 
connection with families, benefits of the program for 
troubleshooting ventilator issues and improved clinical care.”
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as well as secure communication via messaging, audio and 
video calls among patients, families and health care providers 
(Table 1, Figure 1, Figure 2). Although other telemonitoring 
programs have been established and evaluated,9 at present, 
we are not aware of similar e-health interventions for HMV 
users in Canada or other countries.

When the incidence of SARS-CoV-2 infections started 
increasing in Canada, we were developing the LIVE virtual 
telehealth intervention for a randomized controlled trial 
funded by the Canadian Institutes of Health Research. The 
pandemic necessitated a rapid pivot to an early clinical rollout 
by 8 HMV programs.

Table 1: The telehealth components of the LIVE program9

Component Description

Telemedicine HMV and ON-VEP team members use information from secure messaging, workflows and ventilator data downloads to 
provide clinical management

Telecommunications Two-way secure messaging via text, voice or video between patients, families and the health care team

Teleconsultation Ad hoc consultation initiated by patients and families and provided by HMV and ON-VEP team members for management 
of clinical symptoms or ventilator troubleshooting

Telemonitoring Cellular connectivity and Bluetooth transmission of ventilator data downloads

Teletherapy Ad hoc consultations and interpretation of ventilator data downloads can lead to changes in prescribed ventilator settings

Teleconference Three-way audio and video calls that can be initiated by patients, families or the health care team

Telecoaching Counselling and troubleshooting that is provided by a member of the HMV team if the ventilator data downloads show 
poor adherence to therapy

Note: HMV = home mechanical ventilation, LIVE = Long-term In Home Ventilator Engagement, ON-VEP = Ontario Ventilator Equipment Pool.

Routine virtual clinic visits mirror in-person 

appointments. During these visits, a patient’s 

physician reviews their respiratory technology 

use and ventilator settings, and answers 

any questions or concerns they may 

have about their ventilator. 

Two-way communication system
allows patients, families or 

ventilator team members to 

initiate a conversation over text, 

audio or video chat.

Remote ventilator monitoring
is conducted in real-time via 

Bluetooth- and cellular-enabled remote 

ventilator downloads to evaluate 

adherence, leak and e�ectiveness.

Educational resource libraries are available to 

patients, starting from their onboarding. Resource 

libraries include customized documents and videos 

on cleaning ventilators, education refreshers on 

equipment and methods of troubleshooting. 

Patient-facing bespoke virtual care plans
are developed collaboratively by patients, 

their families and the ventilator team, and 

can be updated at any point. This empowers 

patients by giving them the opportunity to 

view and request changes to their care plan, 

thereby enhancing patient safety.

Agile surveillance questionnaires are completed 

bimonthly and monthly. Questionnaires are used to 

monitor a patient’s symptoms and ventilator issues. 

Patients are coded as status green, yellow, or red
based on their responses, which are then reviewed 

by the health care team and addressed with 

the family.

Figure 1: The 6 pillars of the Long-Term In-Home Ventilator Engagement (LIVE) program.
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How is the LIVE program delivered and who is 
eligible?

Specialist HMV teams identify patients who are at high risk of 
respiratory exacerbation (i.e., patients who are invasively venti-
lated and have a rapidly progressive underlying condition and/
or are medically fragile). With the support of the ON-VEP, the 
program app is downloaded onto the patient’s personal device 
(or that of a parent or caregiver). If patients do not have a per-
sonal device compatible with the app or have inadequate Inter-
net access, we loan patients a tablet with a subscriber identifi-
cation module (SIM) card. The patient is then onboarded and 
oriented to the LIVE program. A member of the LIVE team con-
nects with the patient via the app to review its functionality and 
the components of the LIVE program, and to guide the patient 
and their caregivers through completion of the virtual care 
plan. Once this process is complete, the patient appears on the 
HMV team’s patient dashboard and two-way clinical engage-
ment can begin. At present, there are 251 patients from  

8 hospital HMV programs (pediatric and adult) in Ontario partic-
ipating in the LIVE program (Figure 3).

What are the unintended consequences of the 
LIVE program’s rapid rollout?

Four main issues arose with the rapid clinical rollout of the LIVE 
program. First, HMV patients in Ontario did not have equal access 
to LIVE. Only the 8 HMV programs recruited for the randomized 
controlled trial that were already familiar with the app could be 
included. Second, privacy, security and legal requirements for vir-
tual telehealth programs were not standardized across institu-
tions, leading to contract delays and limiting the number of 
patients enrolled at some centres. Third, the rapid rollout meant 
that electronic health record integration was not feasible, result-
ing in some duplicate documentation. Fourth, although we made 
efforts to overcome digital inequality by providing tablets and SIM 
cards, we could only include patients able to speak English or 
French, given limited access to interpreters for virtual encounters.

D) Education resource library, including documents and videos 
      providing step-by-step instructions for equipment usage,  cleaning 
      and troubleshooting.

A) Seamless 2-way communication between patients, 
      families and health care providers.

B) Virtual care plan that is collaboratively created and updated by patients,
      families and health care providers.

C) Intensive patient monitoring via questionnaires and 
      ventilator downloads.

Figure 2: Screen captures showing the features of the Long-Term In-Home Ventilator Engagement (LIVE) program. Reproduced with permission of Aetonix.
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London–London Health Science Centre (pediatric)

London–London Health Science Centre (adult)

Toronto–West Park Hospital

Ottawa–Children’s Hospital of Eastern Ontario

Toronto–Sunnybrook Health Sciences Centre

Toronto–SickKids

Ottawa–The Ottawa Hospital 

Hamilton–McMaster Children's Hospital

Figure 3: Geographic distribution of 251 partipants of LIVE program by forward sortation area (FSA) centroid. Map prepared by and reproduced with 
permission of Tom Fisher RRT, Feb. 16, 2021. 
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What is the evidence so far for the program?

In other settings, virtual care for HMV users has been found to 
promote the efficiency of scarce health care resources by reduc-
ing emergent health care use and the cost of care to patients, 
family members, and the health system.10–13 To date, patients 
and family caregivers enrolled in LIVE report that the program 
engenders feelings of being “connected, empowered and safe.” 
Qualitative feedback from HMV teams show the ease of connec-
tion with families, as well as the time-saving and clinical benefits 
of ventilator telemonitoring. The program has also helped pre-
vent acute care visits, as illustrated in the case of an 11-year old 
girl who had been prescribed noninvasive ventilation. She com-
pleted our weekly questionnaire, reporting intermittent oxygen 
desaturations overnight, despite feeling well. The HMV team was 
able to obtain a remote ventilator data download showing the 
need for an increased target alveolar ventilation setting. These 
changes were made over the phone and, once implemented, 
resolved the issue. This patient would have otherwise been man-
aged with a visit to an urgent clinic or the emergency depart-
ment. Our group will generate formal evidence of the LIVE pro-
gram using a mixed methods evaluation, including feasibility and 
acceptability. 

What can be expected in the future?

The COVID-19 pandemic has changed the landscape of clinical 
medicine and health service delivery. As such, we anticipate that 
virtual care will remain an integral component of the clinical 
toolkit for the HMV population. Our lessons learned from the LIVE 
program clinical rollout and our randomized controlled trial 
(commencing recruitment in early 2021) can be leveraged to sup-
port a national scale-up and evaluation of virtual care for 
patients using HMV. In addition, opportunities exist to support 
integration with the electronic health record and to translate the 
provincial experience of the LIVE program to other complex and 
vulnerable patient populations living in the community, as well 
as in long-term care.
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