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ABSTRACT

OBJECTIVE

To determine if virtual care with remote automated
monitoring (RAM) technology versus standard
care increases days alive at home among adults
discharged after non-elective surgery during the
covid-19 pandemic.
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SETTING
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8 acute care hospitals in Canada.
PARTICIPANTS
905 adults (240 years) who resided in areas with
mobile phone coverage and were to be discharged
from hospital after non-elective surgery were
randomised either to virtual care and RAM (n=451) or
to standard care (n=454). 903 participants (99.8%)
completed the 31 day follow-up.

WHAT IS ALREADY KNOWN ON THIS TOPIC

Non-elective surgery patients often utilise acute hospital care (readmission,
emergency department or urgent care centre visits) in the 30 days after discharge

As hospitals cope with covid-19, there is a need to reduce surgical patients’
post-discharge use of acute hospital care to ensure hospital capacity and
facilitate management of the backlog of people waiting for elective surgeries

A strong rationale and preliminary evidence suggest that virtual care and remote
automated monitoring (RAM) might decrease the need for acute hospital care in
adults discharged after surgery

WHAT THIS STUDY ADDS

Virtual care and RAM did not significantly increase days alive at home compared
with standard care, but significantly improved detection and correction of drug
errors and decreased pain

In post hoc analyses of centres with high escalation of care that commonly led to
changes in medical management, virtual care and RAM reduced the risk of acute
hospital care, brief acute hospital care, and emergency department visits

thebmj | BMJ2021;374:n2209 | doi: 10.1136/bmj.n2209

INTERVENTION

Participants in the experimental group received a
tablet computer and RAM technology that measured
blood pressure, heart rate, respiratory rate, oxygen
saturation, temperature, and body weight. For 30 days
the participants took daily biophysical measurements
and photographs of their wound and interacted with
nurses virtually. Participants in the standard care
group received post-hospital discharge management
according to the centre’s usual care. Patients,
healthcare providers, and data collectors were aware
of patients’ group allocations. Outcome adjudicators
were blinded to group allocation.

MAIN OUTCOME MEASURES

The primary outcome was days alive at home during
31 days of follow-up. The 12 secondary outcomes
included acute hospital care, detection and correction
of drug errors, and pain at 7, 15, and 30 days after
randomisation.

RESULTS

All 905 participants (mean age 63.1 years) were
analysed in the groups to which they were randomised.
Days alive at home during 31 days of follow-up were 29.7
in the virtual care group and 29.5 in the standard care
group: relative risk 1.01 (95% confidence interval 0.99
to 1.02); absolute difference 0.2% (95% confidence
interval —0.5% to 0.9%). 99 participants (22.0%) in

the virtual care group and 124 (27.3%) in the standard
care group required acute hospital care: relative risk
0.80 (0.64 to 1.01); absolute difference 5.3% (-0.3%

to 10.9%). More participants in the virtual care group
than standard care group had a drug error detected (134
(29.7%) v 25 (5.5%); absolute difference 24.2%, 19.5%
to 28.9%) and a drug error corrected (absolute difference
24.4%, 19.9% to 28.9%). Fewer participants in the
virtual care group than standard care group reported
pain at 7, 15, and 30 days after randomisation: absolute
differences 13.9% (7.4% t0 20.4%), 11.9% (5.1%
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to0 18.7%), and 9.6% (2.9% to 16.3%), respectively.
Beneficial effects proved substantially larger in centres
with a higher rate of care escalation.

CONCLUSION

Virtual care with RAM shows promise in improving
outcomes important to patients and to optimal health
system function.

TRIAL REGISTRATION
ClinicalTrials.gov NCT04344665.

Introduction
Although many hospitals cancelled elective surgery
at the start of the covid-19 pandemic, semi-urgent
(eg, oncology), urgent (eg, hip fracture), and
emergent (eg, abdominal aortic aneurysm rupture)
surgeries continued. Patients discharged after non-
elective surgeries often utilise acute hospital care (ie,
readmissions or visits to emergency departments or
urgent care centres) in the 30 days after discharge.'? As
hospitals cope with covid-19 and in many cases resume
elective surgeries, a reduction in surgical patients’
post-discharge use of acute hospital care is needed to
ensure hospital capacity and facilitate management of
the backlog of people waiting for elective surgeries.
Virtual care encompasses all the ways that healthcare
providers remotely interact (eg, telephone, computer)
with their patients. Remote automated monitoring
(RAM) refers to use of technology to remotely obtain
data on patients’ biophysical variables, such as blood
pressure. A strong rationale and preliminary evidence
suggest that virtual care and RAM will decrease acute
hospital care in adults discharged after surgery.’
Because of the covid-19 pandemic, virtual delivery of
care and RAM has garnered the attention of healthcare
providers and funders.” Although substantial
investment has been made and great promise shown
in this method, robust data are needed.” We undertook
the Post discharge after surgery Virtual Care with
Remote Automated Monitoring-1 technology (PVC-
RAM-1) trial to determine whether virtual care with
RAM compared with standard care increases days alive
at home within 31 days of discharge after non-elective
surgery in adults.

Methods

This investigator initiated, randomised, controlled
trial was carried out at eight acute care hospitals
in Canada. Supplementary file 1 provides details
of the trial protocol and change summaries, and
supplementary file 2 shows the statistical analysis
plan. Details of the trial design and methods have
been reported previously.® Centres obtained ethical
approval before recruitment of participants. Study staff
recruited participants from 23 April 2020 to 25 July
2020. Supplementary file 3 provides details of the trial
investigators, coordinating centre, and committees.

Patient population
Eligible patients were aged =240 vyears, had
undergone inpatient non-elective surgery, and the
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most responsible doctor had decided to discharge
the patient home or patients had been discharged
within 24 hours and not received acute hospital care
since discharge, and provided informed consent to
participate. Patients who underwent same day, non-
elective surgery were eligible if the attending surgeon
or anaesthetist believed these patients would normally
have received inpatient surgery but received same day
surgery because of the covid-19 pandemic.

We excluded patients who were discharged to
rehabilitation or convalescent care for >7 days; were
unable to communicate with research staff, complete
study surveys, or undertake an interview using a tablet
computer owing to a cognitive, language, visual, or
hearing impairment; or resided in an area without
mobile phone coverage.

Randomisation and blinding

Randomisation occurred after the most responsible
doctor decided to discharge the patient home. Research
staff randomised participants on a 1:1 basis to receive
virtual care with RAM or standard care, using a 24
hour interactive web randomisation system, with block
randomisation stratified by centre and type of surgery
(cardiac versus non-cardiac). Randomly varying block
sizes were used to ensure randomisation was balanced
within participating centres and for concealment of
randomisation; study staff and investigators were
unaware of the block sizes. Owing to the nature of the
intervention and follow-up procedures, participants,
healthcare providers, and data collectors were aware
of the group allocations. Outcome adjudicators were
blind to group allocation.

Interventions

Research staff taught participants allocated to virtual
care and RAM how to use the cellular tablet and RAM
technology from Cloud DX (Kitchener, ON) (figure 1 in
supplementary file 3). The RAM technology measured
the biophysical variables blood pressure, heart rate,
respiratory rate, oxygen saturation, temperature,
and body weight. For 30 days, participants took
biophysical measurements and completed a recovery
survey daily; nurses reviewed these results (appendix
1 in supplementary file 3).

Participants interacted daily with a nurse virtually
through the tablet on days 1-15 and every other day
from days 16-30 after randomisation. On days without
planned virtual visits, if participants’ biophysical
measurements or recovery survey responses exceeded
predetermined thresholds or nurses identified another
reason for concern, the nurses organised unscheduled
virtual visits.

During virtual visits, nurses discussed participants’
symptoms, evaluated participants’ wounds and
obtained pictures, reinforced principles of recovery
after surgery and the need for physical distancing,
and undertook drug review and reconciliation on
days 1, 8, 15, 22, and 30 after randomisation. Nurses
escalated care to preassigned doctors (perioperative
doctors or surgeons) if participants’ measurements
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exceeded predetermined thresholds (appendix 2 in
supplementary file 3), specific symptoms of concern
were reported (eg, syncope), drug errors were
identified, or they had concerns about participants’
health that required a doctor’s attention. Doctors could
interact with participants virtually through the tablet,
and they added or modified treatments as appropriate.
In the virtual care group, participants had access to
a nurse or doctor 24 hours a day, seven days a week.
Appendix 3 in supplementary file 3 reports further
details on how nurses and doctors delivered virtual
care and how devices were returned.

In the standard care group, participants received
post-hospital management according to the usual care
at the hospital where they had surgery—PVC-RAM-1
did not require the surgeons’ usual approach to post-
discharge management to change for participants
in the standard care group. Canada has a universal
public payment system that covers the cost of hospital
and doctor services, which alleviates cost as a barrier
to these services in surgical patients after discharge.
In Canada, standard care for most patients after
non-elective surgery would include contact with
a healthcare provider within 30 days of hospital
discharge. Before this visit, the onus is on patients
to connect with their surgeon should questions arise
related to the appropriate use of drugs, or symptoms or
signs of potential complications.

Outcomes and follow-up

The primary outcome was days alive at home within 31
days of hospital discharge. Secondary outcomes during
31 days of follow-up included acute hospital care,
brief acute hospital care, hospital readmission, visit to
emergency department or urgent care centre, hospital
stay (days) for all causes, detection of a drug error,
correction of a drug error, and death. Pain at 7, 15,
and 30 days after randomisation was also a secondary
outcome. We also captured pain interference scores at
these times. A score of O represented no pain related
interference and 10 represented complete interference
with general activity, mood, walking ability, normal
work, relations with other people, sleep, and enjoyment
of life. We hypothesised that we would detect more
drug errors and corrections in the virtual care group
than standard care group, and a priori stated we would
interpret this as an improvement in care.

Tertiary outcomes at 31 days of follow-up included
costs related to utilisation of health services; patient
level cost of recovery; reoperation; arrhythmia
resulting in electrical cardioversion; acute renal failure
resulting in dialysis; respiratory failure; infection;
surgical site infection; life threatening, major, or
critical organ bleeding; ileus; myocardial infarction;
clinically important atrial fibrillation; symptomatic
proximal venous thromboembolism; stroke; non-
fatal cardiac arrest; Clostridium difficile associated
diarrhoea; indwelling device inappropriately left in a
patient; covid-19; delirium; surgeon, family doctor or
specialist in-person clinic visit; surgeon, family doctor,
or specialist virtual clinic visit; sepsis; and acute heart
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failure. Appendix 4 in supplementary file 3 reports the
outcome definitions.

The day of randomisation was day O of follow-up,
and the day after randomisation was day 1 of follow-
up after randomisation, and so forth. As participants
were followed from the day of randomisation until
30 days after randomisation, follow-up was for 31
days. Appendix 5 in supplementary file 3 presents the
follow-up process.

Sample size

PVC-RAM-1 was designed to randomise 900
participants (appendix 6 in supplementary file 3). This
sample size would provide >89% power if participants
in the virtual care group were alive at home for >29.81
days, assuming participants in the standard care group
would be alive at home on average 29.60 days, out of
31 potential days (two sided alpha of 0.05).

Changes to the protocol

Table 1 in supplementary file 3 reports major
amendments to the trial and outcomes, and
supplementary file 1 shows the change summaries
of the protocol. Shortly after the trial started, we
recognised the potential for a competing-outcomes
issue between death and acute hospital care (appendix
8 in supplementary file 3). We therefore changed the
primary outcome from acute hospital care to days alive
at home during 31 days of follow-up. As a result of
this change, we reordered acute hospital care as the
first secondary outcome. Further amendments to the
protocol included the addition of several outcomes as
a result of perceived importance: brief acute hospital
care, all cause hospital days, pain at six months, and
indwelling device error. The following secondary
outcomes were changed to tertiary outcomes to restrict
secondary objectives to components of the primary
outcome that the intervention had the most potential
to affect: covid-19 infection; surgeon, family doctor,
or specialist visit; sepsis; acute heart failure; and
delirium.

Statistical analyses

The data monitoring committee reviewed the data at
two time points and recommended continuation of the
trial. This included a safety review when the first 100
participants completed 31 days of follow-up, and the
first interim efficacy review when 50% of participants
completed 31 days of follow-up. The data monitoring
committee used the modified Haybittle-Peto rule of
4 standard deviations (alpha=0.00006) for the first
efficacy interim analysis. The second interim analysis
was scheduled to occur when 75% of the participants
had completed 31 days of follow-up, but the analysis
did not occur because the last 25% of participants
were recruited before the first 75% of participants
completed 31 days of follow-up.

The operations committee wrote and finalised
the statistical analysis plan before analyses were
undertaken or any investigator was unblinded to
the trial results. Participants were analysed in the



groups to which they were randomised, regardless
of compliance. Participants lost to follow-up without
having had the outcome of interest were censored on
the last day their outcome status was known.

We used modified Poisson regression with robust
variance estimator accounting for clustering by study
centre, to estimate the 31 day effect of virtual care and
RAM compared with standard care on the primary
outcome of days alive at home.” In this model, we
adjusted for type of surgery (cardiac versus non-
cardiac) and pre-randomisation variables known to
be associated with acute-hospital care after discharge
post-surgery (appendix 7 in supplementary file 3).
Treatment effects were also assessed in prespecified
subgroups using tests for interactions in the modified
Poisson regression models; interaction P values inform
whether subgroup effects are likely due to chance.

For the secondary and tertiary outcomes, we
compared the effect of virtual care and RAM using
modified Poisson regression. We considered a two
sided P value <0.05 to be statistically significant. All
analyses were performed in SAS, version 9.4.

Patient and public involvement

A panel of four patient partners reviewed the daily
symptom survey for clarity and perceived ease of
use. Given rules on social distancing and limitations
to in-person meetings, all feedback was provided by
email. Patients were not involved in the trial design or
analyses and did not contribute to the paper.

Results

Overall, 905 participants were randomised: 451 to
virtual care and RAM and 454 to standard care (fig 1).
Follow-up was complete for 903 participants (99.8%).
The baseline personal and surgical characteristics
of the participants were similar between groups
(table 1). Participants’ mean age was 63.1 years, 495
(54.7%) were men, 505 (55.8%) had hypertension,
and 309 (34.1%) had active cancer (ie, received
treatment within the past six months). In total, 732
participants (80.9%) underwent non-cardiac surgery
and 178 (19.7%) underwent cardiac surgery, with
a few undergoing both. The timing of surgery was
semi-urgent in 514 participants (56.8%), urgent in
320 (35.4%), and emergent in 71 (7.8%). Table 2 in
supplementary file 3 reports the subtypes of surgery,
which were similar between groups.

Table 3 in supplementary file 3 presents compliance
with virtual visits, provision of wound photos, and use
of RAM among participants in the virtual care group.
Forty one participants (9.2%) discontinued using the
tablet and RAM technology before completing 30 days
of the intervention. Usual post-discharge follow-up
was consistent for both trial groups: 349 participants
(76.9%) in the standard care group and 348 (77.2%)
in the virtual care group had an in-person or virtual
follow-up visit with a non-study surgeon, family
doctor, or specialist.

The primary outcome, days alive at home during 31
days of follow-up, was 29.7 in the virtual care group
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and 29.5 in the standard care group: relative risk
1.01 (95% confidence interval 0.99 to 1.02); absolute
difference 0.2% (95% confidence interval —-0.5% to
0.9%) (table 2). Overall, 99 participants (22.0%) in
the virtual care group and 124 (27.3%) in the standard
care group required acute hospital care (0.80, 0.64 to
1.01; 5.3%, —0.3% to 10.9%).

Results for five of the 12 prespecified secondary
outcomes were statistically significant (table 2). More
participants in the virtual care group than standard
care group had a drug error detected (134 (29.7%) v 25
(5.5%); absolute difference 24.2%, 19.5% to 28.9%)
and a drug error corrected (128 (28.4% v 18 (4.0%);
24.4%, 19.9% to 28.9%). Fewer participants in the
virtual care group than standard care group had pain
at 7, 15, and 30 days after randomisation: absolute
differences 13.9% (7.4% to 20.4%), 11.9% (5.1% to
18.7%), and 9.6% (2.9% to 16.3%), respectively.

Among the 134 participants (29.7%) in the virtual
care group with a drug error detected, there were 286
drugerrors (amean 2.1 drugerrors for each participant),
and among the 25 participants (5.5%) in the standard
care group with a drug error detected, there were 44
(mean 1.8) drug errors (table 4 in supplementary file
3). Drug omission (ie, patients did not take a drug they
were supposed to take) was the most common drug
error. Detection of drug omission was more common
in the virtual care group (n=82, 18.2%) than standard
care group (n=16, 3.5%); absolute difference 14.7%,
10.7% to 18.6%), with 173 and 28 drug omission
errors, respectively, among such participants. More
participants in the virtual care group than standard
care group had a drug error corrected by a doctor or
nurse (102 (22.6%) v 6 participants (1.3%); absolute
difference 21.3%, 17.3% to 25.3%); among these
participants, 173 and nine drug errors were corrected
by a doctor or nurse, respectively.

Table 5 in supplementary file 3 reports the most
responsible person for drug errors and the reason for
such errors. Participants were associated with 256 of
the drug errors (77.6%), and the most common reasons
were intentional (n=118; 46.1%), a mistake (n=58;
22.7%), forgetfulness (n=29; 11.3%), and financial
barriers (n=22; 8.6%). Doctors and nurses were
associated with 61 of the drugs errors (18.5%), and the
most common reasons were failure to communicate
clear instructions on what drugs should and should
not be taken at home (n=33; 54.1%), failure to write
a prescription for a new drug (n=21; 34.4%), and
failure to provide an instruction to discontinue a drug
(n=4; 6.6%). Pharmacists were associated with 12 of
the drug errors (3.6%), and these errors were always
related to a failure to provide the drug as prescribed.

Compared with participants in the standard
care group, those in the virtual care group had less
moderate to severe pain while laying down and while
moving at 15 and 30 days after randomisation (table
6 in supplementary file 3). Participants in the virtual
care group also reported lower moderate to severe
pain related interference scores at 7 and 30 days
after randomisation than participants in the standard
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(§ 9433

Patients screened

94 Other

3032 Patient <40 years
N » 2590 Surgery not considered semi-urgent, urgent, emergent, or reflects
same day surgery with low likelihood for acute care post-discharge
395 Coghnitive, visual, language, or hearing impairment
184 Rehabilitation or convalescent care stay >7 days
21 Resides in area with no mobile phone coverage

Ineligible patients

Eligible patients

Eligible patients not randomised
585 Patient or family refusal
N » 564 Surgeon disagreed with patient participating
491 Patient did not sign global consent to be approached for research
481 Patient not identified within required timeline
91 Recruitment on hold (eg, study nurses at capacity)

(i 905

Randomised

(

Allocated to virtual care and RAM

|

Lost to follow-up*

|

Included in analysis

)

Allocated to standard care

!

Lost to follow-up*

!

Included in analysis

Fig 1 | Patient flowchart. *Data from two participants who withdrew from follow-up are included in the analysis and
censored at time of last follow-up. RAM=remote automated monitoring

care group. Paracetamol (acetaminophen) was the
analgesic for which relative usage between virtual
care group versus standard care group changed over
time (ie, usage before the index hospital admission,
at discharge after surgery, and at 30 days after
randomisation) (table 7 in supplementary file 3). More
participants in the virtual care group than standard
care group were taking paracetamol at 30 days after
randomisation (absolute difference 25.2%, 18.8% to
31.6%).

Most tertiary outcomes (eg, sepsis, stroke, acute
heart failure) at 30 days after randomisation were
uncommon (table 8 in supplementary file 3). The
results suggested that virtual care did not significantly
affect any tertiary outcome. In the prespecified
subgroup analyses for the primary outcome at 30 days
after randomisation, the effects did not differ across
the subgroups (figure 2 in supplementary file 3).

In the virtual care group, centres varied in the
frequency with which nurses escalated care to a doctor
(table 9 in supplementary file 3). Post hoc analyses
evaluated results across the centres that had the highest
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(158 of participants (89.3%) had escalation of care),
intermediate (n=103; 54.5%), and lowest escalation
of care (n=29; 34.1%) (table 3). In the virtual care
group, the total number of escalations and the mean
escalations for each participant, respectively, was 758
(4.3) in the highest escalation centres, 227 (1.2) in the
intermediate escalation centres, and 56 (0.7) in the
lowest escalation centres. The total number and the
mean escalations for each participant varied in the
virtual care group for various triggers across centres.
For example, the mean escalations for each participant
for a biophysical variable trigger was 1.6 in the highest
escalation of care centres, 0.4 in the intermediate, and
0.1 in the lowest.

Most escalations of care were to a perioperative
doctor, with 747 occurrences in the highest escalation
centres, 200 in the intermediate, and 43 in the lowest.
The results of the escalation of care varied across
centres. For example, the mean change in drug for
each participant in the virtual care group was 1.3
in the highest escalation of care centres, 0.7 in the
intermediate, and 0.3 in the lowest.



RESEARCH

Table 1 | Baseline personal and surgical characteristics of participants by group allocation. Values are numbers (percentages) unless stated otherwise

Characteristics Virtual care and RAM (n=451) Standard care (n=454)
Mean (SD) age (years) 63.2 (10.4) 62.9(11.2)
Men 259 (57.4) 236 (52.0)
History before randomisation:
Hypertension 241 (53.4) 264 (58.1)
Active cancer* 153 (33.9) 156 (34.4)
Coronary artery disease 100(22.2) 107 (23.6)
Diabetes 98 (21.7) 96 (21.1)
Smoked within 28 days before surgery 88 (19.5) 88 (19.4)
Obstructive sleep apnoea 74 (16.4) 75 (16.5)
Myocardial infarction 56 (12.4) 60 (13.2)
Atrial fibrillation 54 (12.0) 60 (13.2)
Chronic pain 52(11.5) 50 (11.0)
Chronic obstructive pulmonary disease 41 (9.1) 39 (8.6)
Peripheral arterial disease 22 (4.9) 32 (7.0)
Stroke 22 (4.9) 17 3.7)
Congestive heart failure 20 (4.4) 17 3.7)
Transient ischaemic attack 18 (4.0) 15(3.3)
Deep vein thrombosis 11 (2.4) 8(1.8)
Pulmonary embolism 10(2.2) 9 (2.0)
Need assistance with activities of daily living 9 (2.0) 7 (1.5)
Covid-19 0(0) 1(0.2)
Surgery typet:
Non-cardi’ct 366 (81.2) 366 (80.6)
General 146 (32.4) 130 (28.6)
Urology/gynaecology 81 (18.0) 91 (20.0)
Orthopaedic 62 (13.7) 68 (15.0)
Neurosurgery 30 (6.7) 31(6.8)
Vascular 22 (4.8) 25 (5.5)
Thoracic 23 (5.1) 17 (3.7)
Plastic 10 (2.2) 6(1.3)
Other 10 (2.2) 15 (3.3)
Cardiact 89 (19.7) 89 (19.6)
Coronary artery bypass grafting 69 (15.3) 75 (16.5)
Valve 28 (6.2) 19 (4.2)
Aortic 12 (2.7) 6(1.3)
Other 12(2.7) 13(2.9)
Timing of surgery:
Semi-urgent 241 (53.4) 273 (60.1)
Urgent 178 (39.5) 142 (31.3)
Emergent 32(7.1) 39 (8.6)
Same day 28 (6.2) 42 (9.3)
Surgical approacht:
Open 341 (75.6) 338 (74.4)
Minimally invasive 63 (14.0) 68 (15.0)
Endoscopic/endovascular 76 (16.9) 71(15.6)
Anaesthesiat:
General 435 (96.5) 436 (96.0)
Neuraxial 53(11.8) 64 (14.1)
Regional block 22 (4.9) 15 (3.3)
Local 10 (2.2) 11 (2.4)
New diagnoses from start of surgery to randomisation:
Bleeding 29 (6.4) 29 (6.4)
Myocardial injury after non-cardiac surgery 24 (6.6) 18 (4.9)
Infection 11 (2.4) 11 (2.4)
Delirium 5(1.1) 4(0.9)
Laboratory measurements before randomisation:
Median (IQR) haemoglobin (g/L) 108 (94-124) 110 (95-124)
Median (IQR) creatinine (umol/L) 69 (58-85) 71 (58-88)
Present at time of hospital discharge:
Surgical drain 37 (8.2) 19 (4.2)
Stoma 22 (4.9) 17 (3.7)
Timing of hospital discharge relative to randomisation:
Randomised before hospital discharge 358 (79.4) 361 (79.5)
Median (IQR) time from randomisation to discharge (days) 0.08 (0.04-0.17) 0.08 (0.04-0.17)
Randomised within 24 hours after hospital discharge 93 (20.6) 93 (20.5)

RAM=remote automated monitoring; IQR=interquartile range; SD=standard deviation.

*Defined as patients with a diagnosis of cancer (not non-melanoma skin cancers) who were receiving or had received active treatment (eg, chemotherapy, radiation, or surgery) within the past six
months.

tSums of subtypes of surgery, surgical approach, and anaesthesia exceed total number of patients because some patients had more than one type.

6 doi: 10.1136/bmj.n2209 | BMJ 2021;374:n2209 | thebmj
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Table 2 | Outcomes within 31 days of hospital discharge by group allocation. Values are numbers (percentages) unless

stated otherwise
Virtual care and

Standard care

Relative risk*

Absolute difference,

Outcome RAM (n=451) (n=454) (95% CI) % (95% CI)t P value
Primary outcome
Mean (SD) No of days alive at home 29.7 (3.9) 29.5 (3.8) 1.01 (0.99t0 1.02) 0.2 (-0.5t00.9) " 0.53
Secondary outcomes
Acute hospital care 99 (22.0) 124 (27.3) 0.80 (0.64 10 1.01) 5.3 (-0.3t0 10.9) 0.06
Brief acute hospital care 62 (13.7) 82 (18.1) 0.75 (0.56 to 1.02) 4.4 (-0.4109.2) 0.07
Hospital readmission 43 (9.5) 58 (12.8) 0.77 (0.53t0 1.11) 3.3(-0.8t07.4) 0.16
Emergency department visit 89 (19.7) 111 (24.4) 0.81 (0.64 to 1.04) 4.7 (-0.7 t0 10.1) 0.10
Urgent care centre visit 4(0.9) 9 (2.0) NR% 1.1 (-0.5t02.7) 0.26
Median (IQR) all cause hospital days 0 (0-0) 0 (0-0) 0.89 (0.59 to 1.35) 0.1 (0.0t00.2)§ 0.59
Death 3(0.7) 3(0.7) NR% 0 1.00
Detection of drug error 134 (29.7) 25 (5.5) 5.29 (3.52t07.93) 24.2(19.5t028.9)  <0.001
Correction of drug error 128 (28.4) 18 (4.0) 7.01(4.36t011.52) 24.4 (19.9t0 28.9) <0.001
Pain after randomisation (days){:
7 227/386 (58.8) 309/425 (72.7) 0.81 (0.73 10 0.90) 13.9 (7.4 t0 20.4) <0.001
15 193/402 (48.0) 248/414(59.9) 0.80 (0.71t00.91) 11.9 (5.1t0 18.7) <0.001
30 144/411 (35.0)  184/413 (44.6) 0.80 (0.67 t0 0.94) 9.6 (2910 16.3) <0.008

RAM=remote automated monitoring; IQR=interquartile range; NR=not reported; SD=standard deviation.

*Using modified Poisson model.
tCalculated from crude proportions.

A stable relative risk estimate based on a modified Poisson regression was not possible because of too few events.

§Based on normal approximation to Poisson.

1lin the virtual care group 85.6%, 89.1%, 91.1% of patients provided data at 7, 15, and 30 days after randomisation, respectively. In the standard care
group 93.6%, 91.2%, 90.9% of patients provided pain data at 7, 15, and 30 days after randomisation, respectively.

Table 3 | Nurse escalation of care of participants in virtual care and remote automated monitoring group*

Total No of Patients in centres with  Patients in centres with  Patients in centres with
patients highest escalation of intermediate escalation  lowest escalation of care
(n=451) care (n=177) of care (n=189) (n=85) P value
No (%) of patients with escalation of care 290 (64.3) 158 (89.3) 103 (54.5) 29 (34.1) <0.001
Total No of escalations 1041 758 227 56
Mean No of escalations per patient in virtual care group 23 4.3 1.2 0.7
Trigger of escalation of care (No):
Onset/change of sign or symptom 481 353 86 42
Biophysical variable 366 278 78 10
Drug issue 152 98 50 4
Other 42 29 13 0
Mean No of triggers of escalation of care per patient in virtual care group:
Onset/change of sign or symptom 1.1 2.0 0.5 0.5
Biophysical variable 0.8 1.6 0.4 0.1
Drug issue 0.3 0.6 0.3 0.1
Other 0.1 0.2 0.1 0
No of escalations of care to study doctort (No):
Perioperative medicine doctor 990 747 200 43
Surgeon 55 29 22 4
Mean No of escalations of care to study doctor per patient in virtual care group:
Perioperative medicine doctor 2.2 4.2 1.1 0.5
Surgeon 0.1 0.2 0.1 0.1
Result of escalation of care (No):
Change in drug 385 237 124 24
Virtual visit 316 234 61 21
Continue to monitor with no immediate action 329 295 31 3
Outpatient diagnostic testing+ 79 38 29 12
Nurse to educate patient§ 73 67 4 2
Patient to follow-up with non-study doctor 49 35 11 3
Other 53 28 16 9
Mean results of escalation of care per patient in virtual care group:
Change in drug 0.9 1.3 0.7 0.3
Virtual visit 0.7 1.3 0.3 0.3
Continue to monitor with no immediate action 0.7 1.7 0.2 <0.1
Outpatient diagnostic testingt 0.2 0.2 0.2 0.1
Nurse to educate patient§ 0.2 0.4 <0.1 <0.1
Patient to follow-up with non-study doctor 0.1 0.2 0.1 <0.1
Other 0.1 0.2 0.1 0.1

*Escalation of care to doctor per patient at centre.

tSums of perioperative medicine doctors and surgeons exceeds total number of patients as some patients had escalation of care to both.
$Outpatient diagnostic testing included blood and urine tests, imaging, and electrocardiography.

§Nurses educated patient about, for example, drug dosing and monitoring wound.
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In the subgroup analyses based on centres with
the highest, intermediate, and lowest escalation of
care, the interaction P values were 0.05 for acute
hospital care, 0.06 for brief acute hospital care, 0.03
for visit to an emergency department, and 0.54 for
hospital readmission (fig 2). These analyses suggested
participants in the highest escalation centres had a
lower risk of acute hospital care (relative risk 0.56,
0.38 to 0.82; absolute difference 14.1%, 5.3% to
23.0%), brief acute hospital care (0.47, 0.27 to 0.80;
11.0%, 3.6% to 18.3%), and emergency department
visit (0.54, 0.37 to 0.81; 14.2%, 5.4% to 22.9%) with
virtual care than with standard care.

Table 10 in supplementary file 3 reports the effects of
virtual care with RAM on tertiary six month outcomes.
No impact was found on days alive at home at six
months.

Discussion

Virtual care and RAM did not significantly increase days
alive at home within 31 days of discharge from hospital
after surgery. Virtual care and RAM did, however, result
in significantly more participants having a drug error
detected and corrected. In addition, fewer participants
in the virtual care group than standard care group had
pain at 7, 15, and 30 days after randomisation. Post

RESEARCH

hoc analyses suggested that virtual care and RAM
reduced the risk of acute hospital care, brief acute
hospital care, and visits to an emergency department
compared with standard care in centres with high
escalation of care but not in centres with lower levels
of escalation.

Strengths and limitations of this study

In our study we randomised 905 patients in eight
centres and obtained follow-up on 99.8% of
participants. Among those in the virtual care group,
escalation of care varied substantially across centres.
Our post hoc analyses suggest that this variation
might have influenced the results. Participants were
aware of their treatment allocation and this could have
affected the reporting of pain. We did, however, find
increased usage of appropriate analgesics, reductions
in moderate to severe pain, and reductions in moderate
to severe pain related interference scores in the virtual
care group, supporting the results for a reduced burden
of pain with virtual care. If doctors and participants
knew immediately after surgery that the patient
had been randomised to virtual care with RAM after
discharge rather than standard care, this knowledge
could have facilitated earlier hospital discharges in the
former group. Because patients were randomised after

Virtual care/ Standard care/ Relative risk Relative risk P value for
total (%) total (%) (95%CI) (95%Cl) interaction
Acute hospital care
Overall results 99/451(22.0) 124/454(27.3) -~ 0.80(0.64t0 1.01) 0.05
Centres by escalation of care
Highest 32/177(18.1) 58/180(32.2) -— 0.56 (0.38100.82)
Intermediate 50/189 (26.5) 50/187(26.7) —o— 0.99(0.71t0 1.38)
Lowest 17/85(20.00 16/87(18.4) — 1.08 (0.59 t0 2.01)
Brief acute hospital care
Overall results 62/451(13.7) 82/454(18.1) —-o- 0.76 (0.56 t0 1.03) 0.06
Centres by escalation of care
Highest 17/177(9.6) 37/180(20.6) | —&— 0.47(0.27 t0 0.80)
Intermediate 36/189(19.0) 35/187(18.7) —— 1.02(0.67 to 1.55)
Lowest 9/85(10.6) 10/87 (11.5) —¢ 0.92(0.39t02.15)
Emergency department visit
Overall results 89/451(19.7) 111/454 (24.4) - 0.81(0.63t01.03) 0.03
Centres by escalation of care
Highest 30/177(16.9) 56/180(31.1) -o— 0.54(0.37t00.81)
Intermediate 43/189(22.8) 39/187(20.9) —— 1.09 (0.74 to 1.60)
Lowest 16/85(18.8)  16/87(18.4) —¢ 1.02(0.55t0 1.91)
Hospital readmission
Overall results 43/451(9.5) 58/454(12.8) - 0.75(0.51t0 1.08) 0.54
Centres by escalation of care
Highest 17/177(9.6)  28/180(15.6) —o— 0.62(0.35t0 1.09)
Intermediate 18/189 (9.5) 23/187(12.3) —— 0.77 (0.43t0 1.39)
Lowest 8/85(9.4) 7/87 (8.0) ——&—— 1.17(0.44t0 3.08)
0 05 1.0 15 20 25
Virtual Standard

care better care better

Fig 2 | Subgroup analysis based on centres’ escalation of care for 31 day outcome of acute hospital care, brief acute
hospital care, emergency department visit, and hospital readmission
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the most responsible doctor had decided to discharge
them home, we were not able to inform this issue. We
did not ascertain if participants viewed days alive at
home as an important outcome. Also, we do not have
documentation on how the usual standards of care (eg,
discharge protocols) changed at participating centres
during the covid-19 pandemic. Although baseline
variables, including the subtypes of surgery, appear
balanced between the two treatment groups, we
cannot exclude the possibility of a baseline imbalance
of prognosis in this moderately sized randomised
controlled trial. We did not assess the impact of the
intervention on quality of life.

Comparison with other studies

An observational study of 20 patients discharged
after oesophagostomy showed participants’ use
of virtual care with RAM after discharge was
feasible and well received by all patients.® A study
compared 54 orthopaedic surgery patients—who had
postoperative home monitoring of blood pressure,
heart rate, oxygen saturation, and pain scores four
times a day for four days after discharge with specified
alert protocols to a healthcare provider—with 107
orthopaedic surgery patients who received standard
care after hospital discharge.’ This observational
study reported an 80% relative risk reduction in the
composite of hospital readmission and emergency
department visit at 30 days. A systematic review
that evaluated virtual care in the recovery of surgical
patients after hospital discharge showed that
investigators have thus far conducted only small
observational studies with a high risk of bias; the
three randomised controlled trials included a total
of only 153 patients.” Although the findings of this
review require cautious interpretation, the studies
suggest the acceptability of virtual care by patients
and doctors, the potential to save patients’ time and
money from travelling to clinics and missing work,
and providing hospital clinic space for new patients.
Among eligible patients in our trial, about 18%
refused to participate, and 18% of surgeons did not
agree to patients participating. Moreover, only 9%
of participants discontinued virtual care and RAM
before completing the trial. Although we found that
most patients and surgeons were agreeable to the
trial and compliant with the intervention, further
research is needed to establish the barriers to virtual
care with RAM after surgery and participation in
clinical trials for patients and surgeons.

Policy implications

We changed our primary outcome to days alive at
home because of a case that identified the potential
for death to be a competing outcomes problem with
our original primary outcome, acute hospital care.
As only three deaths occurred in each trial group,
relevant competing outcomes proved inconsequential.
Virtual care and RAM did not significantly affect days
alive at home but raised the possibility of a reduction
in acute hospital care (22.0% virtual care v 27.3%
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standard care; relative risk 0.80, 95% confidence
interval 0.64 to 1.01), brief acute hospital care (13.7%
v 18.1%; 0.75, 0.56 to 1.02), hospital readmission
(9.5% v 12.8%; 0.77, 0.53 to 1.11), and emergency
department visit (19.7% v 24.4%; 0.81, 0.64 to 1.04).
During the covid-19 pandemic, when patients might
want to avoid post-discharge acute hospital care,®
our finding that more than one in four patients in
the standard care group sought acute hospital care
highlights the magnitude of the problem. Although
our trial occurred during the covid-19 pandemic, the
insights from our trial are probably also relevant in
non-pandemic settings.

Drug errors during discharge after surgery were
common (29.7% of virtual care participants, with
a mean 2.1 drug errors per patient). Virtual care
showed large absolute benefits in detecting (24.2%)
and correcting drug errors (24.4%). Detection and
correction of drug errors have the potential to improve
both short term and long term health. Compared with
standard care, virtual care also showed substantial
absolute benefits in reducing pain; reducing moderate
to severe pain, including with movement; and reducing
moderate to severe pain related interference scores.
Patients are likely to consider these absolute differences
important.’* Our finding of a substantial increase in
paracetamol usage at 30 days after randomisation
in the virtual care group (absolute difference 25.2%)
suggests that healthcare providers can, through virtual
care, increase patients’ use of this well tolerated drug
and substantially improve pain during discharge from
hospital after surgery.

It is only credible to expect virtual care with RAM
to impact outcomes if these interventions identify
problems and lead to changes in management. Across
centres in the virtual care group, noticeable variations
were found in the proportions of participants with
care escalated by a nurse to a doctor, the number
of escalations, the frequency in which biophysical
variables and onset or change in signs or symptoms
triggered escalation of care, and the result of the
escalation of care, such as change in drugs. In post
hoc analyses, in the highest escalation of care centres,
virtual care and RAM was associated with a lower risk
of acute hospital care (relative risk 0.56, 0.38 to 0.82),
brief acute hospital care (0.47, 0.27 to 0.80), and visits
to an emergency department (0.54, 0.37 to 0.81) than
standard care.

Although we established predetermined thresholds
for biophysical measurement in which nurses were
to escalate care to a doctor, nurses and doctors could
adjust the frequency of biophysical measurements
and variables for alerts. Moreover, nurses could
decide whether patients’ health required a doctor’s
attention. These results suggest virtual care and RAM
can have substantial effects on lowering the risk of
acute hospital care, brief acute hospital care, and
visits to an emergency department, if compliance with
predetermined biophysical thresholds is rigorous,
escalation of care to a doctor is frequent, and doctors
appropriately modify care.
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Our study provides proof of concept that virtual care
with RAM can improve outcomes following hospital
discharge after non-elective surgery. Further trials are
needed to improve the efficiency (eg, not all patients
need to interact with a nurse on days 1-15 and every
other day from days 16-30 after hospital discharge)
and cost effectiveness of virtual care with RAM in this
setting. Qualitative research might also inform how
to optimise adherence to intervention and surgeon
participation.

Centres in high income countries could implement
our virtual care with RAM intervention. Key factors
for centres to consider before introducing our
intervention include ensuring an adequate supply of
dedicated and committed nurses and doctors so that
patientsreceive care 24 hours a day; procuring reliable
and reusable virtual care and RAM technology, such
as the Cloud DX technology we used in this study;
establishing if the patient population resides in areas
with mobile phone coverage; and ensuring adequate
funding. Although some might question whether
virtual care with RAM is viable in patients discharged
after surgery in low income countries, given that the
dominant cost of this intervention is for staff, which
is often more affordable in lower income countries,
and that many low income countries have extensive
mobile phone coverage, it is possible that such
countries could surpass high income countries in
the use of this technology. More research, including
in low income countries, is needed to inform the
potential and cost effectiveness of virtual care with
RAM in patients discharged after surgery.

Conclusions

Virtual care and RAM did not significantly affect days
alive at home but was associated with a significant
increase in detection and correction of drug errors and
a decrease in pain. In post hoc analyses of centres with
high escalation of care that commonly led to changes
in medical management, virtual care and RAM reduced
the risk of acute hospital care, brief acute hospital care,
and visits to an emergency department.
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