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Abstract.
Background: Patients with severe neuropsychiatric symptoms (NPS) due to dementia are often uprooted from their familiar
environments in long-term care or the community and transferred to emergency departments, acute care hospitals, or spe-
cialized behavioral units which can exacerbate NPS. To address this issue, we developed the Virtual Behavioural Medicine
Program (VBM), an innovative model of virtual care designed to support management of patients with NPS in their own
environment.
Objective: To determine efficacy of VBM in reducing admission to a specialized inpatient neurobehavioral unit for manage-
ment of NPS.
Methods: We reviewed outcomes in the first consecutive 95 patients referred to VBM. Referrals were classified into two
groups. In one group, patients were referred to VBM with a simultaneous application to an inpatient Behavioural Neurology
Unit (BNU). The other group was referred only to VBM. The primary outcome was reduction in proportion of patients
requiring admission to the BNU regardless of whether they were referred to the BNU or to VBM alone.
Results: For patients referred to VBM plus the BNU, the proportion needing admission to the BNU was reduced by 60.42%.
For patients referred to VBM alone, it was 68.75%.
Conclusion: VBM is a novel virtual neurobehavioral unit for treatment of NPS. Although the sample size was relatively
small, especially for the VBM group, the data suggest that this program is a game changer that can reduce preventable
emergency department visits and acute care hospital admissions. VBM is a scalable model of virtual care that can be adopted
worldwide.
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INTRODUCTION

The number of people diagnosed with dementia
worldwide is expected to triple from 50 to 150 mil-
lion by 2050 [1]. Severe neuropsychiatric symptoms
(NPS) in advanced dementia, such as aggression and
agitation [2], contribute to this growing crisis by
adversely impacting individuals with dementia, their
families, and healthcare systems.

NPS, also referred to as behavioral and psy-
chological symptoms of dementia (BPSD) [3] and
responsive behaviors [4], are often the driver for
patients being uprooted from their familiar environ-
ment in long-term care (LTC) or the community and
transferred to specialized transitional behavioral units
[5], emergency departments, or acute care hospi-
tals. Relocating patients to unfamiliar surroundings
often escalates NPS due to changes in environment
[6]. Moreover, emergency department transfers often
result in acute care hospital admissions which can
further contribute to cognitive and functional decline
[7] and exacerbate NPS.

To reduce the need for transfers to specialized tran-
sitional behavioral units, emergency departments, or
acute care hospitals, we developed an innovative
model of care designed to assess and manage patients
with NPS virtually while they remain in their own
familiar environment. We also sought to support acute
care hospitals in the management of patients with
NPS. These behaviors pose barriers for discharge to
LTC, resulting in increased length of stay, as well
as triggering transfers to specialized neurobehavioral
units.

The new model of care, called the Virtual
Behavioural Medicine Program (VBM), is in essence
a “virtual hospital inpatient neurobehavioral unit” for
assessment and management of NPS. Since VBM is
virtual, it is not limited by physical space or num-
ber of available beds. Although VBM was developed
pre-COVID-19, its growth was facilitated by the pan-
demic due to the unique virtual care benefits that it
offered to patients, caregivers, and healthcare staff in
LTC, acute care hospitals, and the community.

Although the concept of virtual hospital care is
not new, the focus of VBM on NPS due to dementia
represents a novel application of the virtual hospital
concept. In this regard, Lee et al. [8] also used tele-
health to care for patients with dementia who resided
in facilities or the community. However, their primary
purpose was to provide care for patients with demen-
tia in settings where specialists were not available,
as opposed to focusing specifically on NPS. Virtual

hospital care has recently also been used for patients
with COVID-19 [9–11].

A comment is warranted about hospitals-at-home
[7, 12–20]. This concept involves provision of health-
care services to patients in the community as a
substitute for inpatient hospital admission. It also
involves home visits by the healthcare team from
the host site. Whereas the VBM model is similar to
the hospital-at-home concept with respect to care of
patients in the community, VBM differs in that it also
focuses on patients in LTC and acute care hospitals.
Moreover, VBM is entirely virtual.

Hospitals at home have focused on disorders that
include congestive heart failure, chronic obstruc-
tive airway disease, community acquired pneumonia,
fluid and electrolyte disorders, urinary tract infec-
tions, acute ischemic stroke, cellulitis, deep vein
thrombosis, pulmonary embolism, asthma, compli-
cated urinary tract infection or urosepsis, nausea,
vomiting, and dehydration [7, 12, 13, 15, 17, 18,
20, 21].

Our research goal was to determine the efficacy
of VBM in reducing admissions of patients referred
to specialized inpatient behavioral units for manage-
ment of NPS. Prior to development of VBM, patients
referred to the inpatient Behavioural Neurology Unit
at Baycrest (BNU) typically remained on the wait-
list without significant improvement until they were
admitted and treated as inpatients. Moreover, some
cases were on the waitlist for a year or more. Our
hypothesis was that VBM would be highly effective
in reducing the need for inpatient admission. This was
tested by retrospectively reviewing the outcomes of
the first consecutive ninety-five patients referred to
the program. In addition to reporting our research
findings, we describe the VBM program and how it
was developed.

METHODS

The study was approved by the Research Ethics
Board at Baycrest Health Sciences.

VBM program development and description

VBM was developed as an extension of the ambu-
latory Sam and Ida Ross Memory Clinic at Baycrest
Health Sciences. The initial goal was to reduce the
waitlist for patients requiring admission to the inpa-
tient BNU for management of severe NPS by treating
these behaviors virtually. This was later extended to
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assessment and management of patients with NPS
who were referred to VBM without a parallel refer-
ral to the inpatient BNU. Nevertheless, some of these
patients had NPS that were severe enough to warrant
an inpatient application.

VBM is a collaborative partnership between the
Baycrest Sam and Ida Ross Memory Clinic and the
Toronto Central Behavioural Support for Seniors
Program (TC BSSP). The TC BSSP is a locally
lead program in the Toronto Central Region under
the overall umbrella of the provincial Behavioural
Supports Ontario (BSO) program. BSO is man-
dated to build capacity for management of NPS
through evidenced based outreach services including
assessment, care planning and coaching through
implementation, system integration and coordina-
tion, education, and training. The core BSO clinical
work focuses on non-pharmacological approaches
including behavioral care plans, communication
strategies, and environmental modification. The BSO
teams also work with Geriatric Psychiatry Outreach
Teams in the community and LTC. The TC BSSP
Coordination Office works in collaboration with
VBM by linking to the Behaviour Supports Team
where the patient is located. Patients referred to
VBM require pharmacological treatment in addition
to non-pharmacological management.

The VBM core team is comprised of physi-
cians (behavioral neurologist, geriatric psychiatrist,
and clinical behavioral neurology fellows), a reg-
istered nurse, pharmacist, BSO clinical navigator,
and BSO allied health practitioners. The VBM team
works in close collaboration with healthcare teams
in LTC, acute care, and the community. These teams
include primary care physicians, psychiatrists, geri-
atricians, internists, physiatrists, behavioral support
staff, nurses, occupational therapists, care coordi-
nators, social workers, recreational therapists, and
family members.

The technologies used in VBM were primar-
ily videoconferencing, although telephone was used
when there were technical difficulties with videocon-
ferencing. In addition, some participants joined the
videoconference by telephone.

Patients were referred to VBM from LTC, acute
care, or the community for virtual assessment and
management of NPS such as physical aggression.
Patients in the community were in a private resi-
dence or a congregate setting outside of LTC such
as a retirement home or prison. Referrals to VBM
were classified into two groups. In one group, patients
were referred only to VBM for virtual assessment and

management of NPS. The other group was referred
to VBM with a simultaneous application to the inpa-
tient BNU at Baycrest. These patients were classified
as BNU applicants. Thus the classification of patients
as being referred to BNU or only VBM depended
on the request of the referral source. For the BNU
group, the goal was to attempt treatment virtually
and admit patients to the inpatient unit only if vir-
tual management was not successful. The BNU is a
20-bed specialized neurobehavioral unit for patients
with NPS and has been described elsewhere [5].

An important characteristic of the VBM team is
that the behavioral neurologist and geriatric psychia-
trist in VBM also work on the BNU. Thus, the VBM
model facilitated continuity of medical care for those
patients who required admission to the BNU. It also
ensured that the medical expertise, as well as the phar-
macological strategies employed in VBM, were the
same in VBM as on the BNU.

Initial assessment, virtual patient rounds, and
virtual waiting room

Patients referred to VBM were initially seen in con-
sultation virtually by the physician. Wait times ranged
from approximately 1–3 weeks. For follow-up, and
in keeping with standard practice on physical inpa-
tient units, we implemented regular patient rounds.
During these rounds, the VBM team saw the patients
and met with the healthcare teams, family, and care-
givers, all through virtual means. The purpose of
the rounds was to review patient progress, monitor
therapy, make changes in medication as indicated,
and review non-pharmacological strategies that may
have been implemented by the BSO team or other
healthcare staff. Depending on individual patient
needs, the virtual rounds occurred as often as weekly.
In addition, the VBM physicians and nurse were
available between scheduled visits by telephone or
email.

We implemented a virtual waiting room where
VBM administrative staff monitored the patient
schedule and informed healthcare teams in LTC and
acute care, as well family and caregivers in the com-
munity, if the VBM team was running late. In these
cases, the administrative staff informed those waiting
that they would be contacted by phone when the VBM
team were ready for the virtual visit. This allowed
staff at the remote sites, as well as family and care-
givers, to attend to other duties while waiting for the
VBM rounds visit.
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Table 1
Severity Rating Scale

Rating Definition

1 Needs admission with high physical aggression.
2 Needs admission with moderate physical aggression.
3 Needs admission for non-physical NPS.
4 Need for admission unclear since NPS may be

manageable without admission.
5 Probably does not need admission.
6 No significant NPS and thus does not need admission

but remains on wait list.
7 Does not need admission and can be removed from wait

list.

VBM study review process

A retrospective review of all consecutive patients
assessed in VBM from inception of the program on
February 14, 2020 until December 24, 2020 was
undertaken. All patients had been rated according to
a 7-point Severity Rating Scale that was developed
(Table 1). This scale was administered after the initial
assessment and updated during follow-up. Ratings 1,
2, or 3 indicate a clear need for admission to the BNU.
Ratings 4 or 5 indicate that admission is possibly or
probably not required. Ratings 6 or 7 indicate that
admission to the BNU is not required. The difference
between ratings 6 and 7 is that a rating of 6 indi-
cates that the patient is ready for discharge, but that
discharge had not yet taken place. A rating of 7 indi-
cates discharge from VBM. If an application to the
inpatient BNU was made, a rating of 7 also indicates
that the patient has been removed from the inpatient
waiting list. The primary outcome measure was the
reduction in need of admission to the inpatient BNU
regardless of whether they were referred to the BNU
or to VBM alone. As stated previously, the patients
in the BNU group were referred to BNU plus VBM.

Follow-up visits were defined as scheduled vir-
tual visits by videoconference or phone, as well as
unscheduled but urgent virtual visits by videoconfer-
ence or phone. Brief phone updates with healthcare
professionals in acute care, LTC, or the community
were not counted as follow-up visits.

Analysis

We used analysis of variance to compare age
related to referral source and referral target. Logistic
regression was used to determine whether sex dis-
tribution was different between referral source and
referral target. Ordinal logistic regression was used
to model the Severity Rating Scale measure.

Bootstrap resampling was used to estimate a
95% confidence interval around the estimate for the
within-subject proportional reduction in the need for
hospitalization.

In order to examine duration in the program, we fit
Cox proportional hazards models using two measures
of time: number of days in the program and number
of follow-up visits. The target event was defined as
discharge from VBM, i.e., a final rating of 7. For those
with a BNU application, this also included discharge
from the BNU waitlist. If a participant was discharged
prior to the target event, then they were identified as
censored, and we recorded the time of observation
until that point.

Analyses were run in R version 3.6.1. Analysis
of variance and logistic regression were run using
the glm package. Ordinal logistic regression was
run using the polr package. Cox proportional haz-
ards model was run using the coxph package. All
hypothesis tests were performed at an alpha level of
5%. The Benjamini-Hochberg procedure was used
to control the false discovery rate for all comparisons
between the three referral sources. We report adjusted
p-values for the referral source factor with subscript
indicating order of magnitude of the original p-value:
pi = 3

i
· p(i) where p(1) is the smallest p-value.

RESULTS

In support of our hypothesis, among the patients
referred to the inpatient BNU the proportion who
required admission was reduced by 60.42%. Prior
to presenting the analyses related to this finding, we
shall describe the characteristics of the patient sam-
ple and duration in VBM. Figure 1 shows a flow chart
of the number of patients seen at different stages.

Participants referred to the VBM program

Table 2A shows characteristics of the patient
sample referred to VBM during the study period.
Ninety-five cases from LTC, acute care, or the com-
munity were referred to VBM or to both VBM and
the inpatient BNU. VBM will be used to describe the
former target program and BNU will be used for the
latter target program.

Patients referred from acute care were significantly
younger than those from LTC (p1 = 0.0002) and the
community (p2 = 0.0089). There were two patients
from acute care in their 40s, whereas the two youngest
patients in LTC and the community were 56 and 61
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Fig. 1. Flow chart of the number of patients seen at different stages.

Table 2A
Patient Demographics (Full Sample)

Referral Source Target Program

Total Sample Acute Care LTC Community BNU VBM
n = 95 n = 35 n = 30 n = 30 n = 62 n = 33

Age, mean (SD) 73.5 (11.7) 67.5 (13.4) 78.6 (9.1) 75.5 (8.7) 73.2 (11.7) 74.2 (11.9)
Sex, M:F 57 : 38 28 : 7 15 : 15 14 : 16 40 : 22 17 : 16
Patients with follow-ups, n (%) 72 (75.8%) 26 (74.3%) 26 (86.7%) 20 (66.7%) 52 (83.9%) 20 (60.6%)

BNU, Behavioural Neurology Unit; VBM, Virtual Behavioural Medicine Program.

Table 2B
Demographics of Patients Entered into Program

Referral Source Target Program

Total Sample Acute Care LTC Community BNU VBM
n = 85 n = 32 n = 28 n = 25 n = 57 n = 28

Age, mean (SD) 73.2 (11.7) 67.2 (13.1) 78.9 (9.1) 74.4 (8.6) 73.0 (11.4) 73.5 (12.3)
Sex, M:F 49 : 36 25 : 7 13 : 15 11 : 14 36 : 21 13 : 15
Patients with follow-ups, n (%) 72 (84.7%) 26 (81.3%) 26 (92.9%) 20 (80%) 52 (91.2%) 20 (71.4%)

Table 2C
Patient Demographics (Cases with Initial and Final Rating)

Referral Source Target Program

Total Sample Acute Care LTC Community BNU VBM
n = 70 n = 24 n = 26 n = 20 n = 50 n = 20

Age, mean (SD) 72.6 (11.1) 65.1 (11.6) 77.9 (8.6) 74.8 (8.3) 72.4 (11.0) 73.2 (11.5)
Sex, M:F 40 : 30 19 : 5 12 : 14 9 : 11 31 : 19 9 : 11

years old. There was no significant difference in age
between patients referred from LTC and the com-
munity (p3 = 0.2480). There was also no significant

difference in age between patients referred to each
of the two target programs, i.e., VBM versus BNU
(p = 0.7511).
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Table 3
Distribution Across Target Programs by Referral Source

Referral Source Target Program (n, %) Total, (n)

BNU VBM

Acute Care 25 (71.4%) 10 (28.6%) 35
Long Term Care 23 (76.7%) 7 (23.3%) 30
Community 14 (46.7%) 16 (53.3%) 30
Total 62 (65.3%) 33 (34.7%) 95

There were significantly more men referred from
acute care compared to LTC (p1 = 0.0345) and the
community (p2 = 0.0186). The proportion of men was
not significantly different between referrals from the
community and LTC (p3 = 0.9997). In addition, there
was no significant difference in the proportion of men
and women referred to the BNU compared to VBM
(p = 0.3468).

Table 3 shows the proportion of the 95 patients
referred to the BNU versus VBM from acute care,
LTC, and the community. There was no difference in
proportion of patients referred to the BNU or VBM
comparing the community and LTC (p1 = 0.0582) or
acute care (p2 = 0.067). In addition, no difference was
found between referrals from LTC and acute care
(p3 = 0.63). Although there were no statistically sig-
nificant differences in proportion of patients referred
to the BNU and VBM from the different referral
sources, Table 3 suggests that the profile of referrals
from acute care and LTC is characterized by more
referrals to the BNU than to VBM, whereas refer-
rals from the community are more equally divided
between the BNU and VBM.

Participants entered into VBM

Among the 95 patients referred to the program,
10 did not enter the program because they were dis-
charged following initial virtual assessment. Five had
been referred to VBM and five to the BNU. Five had
been referred from the community, three from acute
care, and two from LTC. Seven of these patients did
not require the program. The plan for the other three
was to have them followed by their psychiatrist rather
than in VBM. Thus, 85 patients were admitted to
VBM during the study period. This sample comprised
the group in whom we estimated the characteristics
associated with time required to alleviate the need for
hospitalization. Table 2B shows the characteristics of
these patients.

There was a large association between the three
referral sources and age (Cohen’s f = 0.55), with
older participants referred from LTC and younger

Table 4
Enrolled Patient Distribution Across Target Program by Referral

Source

Referral Source Target Program (n, %) Total, (n)

BNU VBM

Acute Care 23 (71.9%) 9 (28.1%) 32
Long Term Care 22 (78.6%) 6 (21.4%) 28
Community 12 (48.0%) 13 (52.0%) 25
Total 57 (67.1%) 28 (32.9%) 85

participants referred from acute care. The partici-
pants from the community were intermediate in age
between those from LTC and acute care. There was a
negligible association between age and referral target
(f = 0.03). There was a medium association between
referral source and sex (Cramér’s V2df = 0.23) and
a medium association between referral source and
referral target (Cramér’s V2df = 0.19). There was a
small association between referral target and sex
(V1df = 0.13). The referrals from acute care were pre-
dominantly male, whereas the referrals from LTC and
the community were more equally divided. While
referrals from the community were fairly evenly split
between the BNU and VBM, referrals from acute care
and LTC were predominantly to the BNU (Table 4).

To examine the association between initial rating
and referral source, as well as referral to the BNU or
VBM, an ordinal logistic model was run including
these two referral factors. Patients from the commu-
nity had significantly higher initial ratings than those
from acute care (t (77) = 2.98, p1 = 0.0115), i.e., their
ratings were less severe. Initial ratings were not sig-
nificantly different between LTC and community (t
(77) = 2.15, p2 = 0.0523) or acute care (t (77) = 0.89,
p3 = 0.3758). For referral target, initial ratings were
significantly lower, i.e., more severe, for patients
referred to the BNU compared to those referred to
VBM (t (77) = 3.974, p = 0.0002). The violin plot in
Fig. 2 shows initial ratings by referral source, i.e.,
acute care, LTC, and community, as well as refer-
ral target to the BNU and VBM for the 85 cases.
There was a large association between initial rating
and referral source (f = 0.53) and with referral target
(f = 0.80).

Duration in program

Duration of stay in VBM was based on the 85 par-
ticipants entered into the program. Of these cases, 40
were discharged with no significant NPS. In addi-
tion, one patient had no significant NPS but died
of COVID-19 before being officially discharged.
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Fig. 2. Violin plot showing initial rating by referral source and referral target for patients admitted to VBM (n = 85).

Table 5A
Time to discharge from VBM or BNU waitlist (Rating 7)

Duration (days) Estimated Lower Upper
Median 95% CL 95% CL

From Acute Care 147 44 ∞
From LTC 173 104 218
From Community 103 67 ∞
To BNU 173 119 218
To VBM 76 49 ∞

Another 11 cases were discharged while they still had
NPS. These cases were admitted to a specialized neu-
robehavioral unit (n = 7), acute care for management
of NPS without further follow-up in VBM (n = 2),
LTC from acute care without request for follow-up
in VBM (n = 1), and acute care for surgery related
to a clavicle fracture and acromioclavicular disloca-
tion without subsequent follow-up in VBM (n = 1).
Table 5A shows median time in days to discharge
from VBM or the BNU waitlist (rating 7) by refer-
ral source and referral target. Table 5B shows the
same data by number of visits. We ran a proportional
hazards model to investigate the association between
time to discharge (rating 7) with referral source and
referral target. Number of follow-up visits and num-
ber of days in the program were considered as two
measures of time that are relevant to understanding
the characteristics of the needs of the patients in the
program and the resources required to address the
needs.

Table 5B
Number of visits to discharge from VBM or BNU waitlist

(Rating 7)

Follow-up Visits Estimated Lower Upper
Median 95% CL 95% CL

From Acute Care 8 3 ∞
From LTC 12 4 ∞
From Community 6 3 ∞
To BNU 12 6 19
To VBM 5 2 ∞

The proportional hazards model was fit to show
the proportion of patients still in the program (rating
1–6) based on the number of visits in the program
(Fig. 3, left side). There was a significantly longer
duration in the program comparing referrals to BNU
with those to VBM (z = 2.546, p = 0.0109). There was
no association between number of visits required and
referral source (p > 0.52). Seventy percent of referrals
to VBM were transitioned to discharged at 8 visits. In
contrast, 70% of referrals to BNU were transitioned
to discharged at 16 visits.

The proportional hazards model was also fit to
show the proportion of patients still in the program
(rating 1–6) based on the number of days in the pro-
gram (Fig. 4, left side). There was a significantly
longer duration in the program comparing referrals
to BNU with those to VBM (z = 2.751, p = 0.00595).
No significant effect of referral source was found
(p > 0.87) (Fig. 5).
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Fig. 3. Kaplan-Meier estimated “survival” plot showing proportion of patients still in the program (rating 1 to 6) based on number of
follow-up visits. Plot on left shows patients divided by referral to VBM alone (in blue) or VBM plus BNU (in red). Plot on right shows
patients with initial severity rating of 1, 2, or 3 (in red) or 4, 5, or 6 (in blue).

Fig. 4. Kaplan-Meier estimated “survival” plots showing proportion of patients still in the program (rating 1 to 6) based on number of days
in the program. Plot on left shows patients divided by referral to VBM alone or VBM plus BNU. Plot on right shows patients with initial
severity rating of 1, 2, or 3 (in red) or 4, 5, or 6 (in blue).

Fig. 5. Kaplan-Meier estimated “survival” plot showing proportion of patients referred from acute care, LTC, and the community who are
still in the program (rating 1 to 6) based on number of visits and duration in VBM.
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As shown in the violin plot (Fig. 2), there is neg-
ligible overlap of initial rating between participants
referred to VBM and those referred to BNU, particu-
larly for participants referred from the community or
LTC. Thus, the observed effect might reflect an effect
of initial rating. Subsequent models were run with
the addition of initial hospitalization priority rating
in the model. There was a strong positive association
between an initial rating indicating a clear need for
hospitalization (1, 2, or 3) and time to discharge from
VBM and no longer needing hospitalization (Rating
7), whether time was measured as number of follow-
up visits (z = 3.10, p = 0.00193) (Fig. 3) or days in
the program (z = 2.45, p = 0.0143) (Fig. 4). With ini-
tial rating classification in the model, the effect of
referral target was no longer significant for number
of follow-up visits (z = 1.026, p = 0.30) or days in the
program (z = 1.792, p = 0.07).

Participants with a follow-up rating

Approximately 75% (n = 72) of the total sample
(n = 95) had at least one follow-up visit during the
study period (Table 2A). Thus, 23 cases did not have
a follow-up. Ten were discharged after the initial visit,
three were admitted to acute care, two were admit-
ted to a specialized behavioral unit, one died from
COVID-19, one was released from prison and admit-
ted to acute care, one was discharged from acute care
to the community, and five did not yet have their first
follow-up before the end of the study period.

All patients were given an initial rating of 1 to 7
on the Severity Rating Scale. To examine the effect
of VBM on reducing need for admission to the BNU,
only patients who had both an initial rating and at least
one follow-up rating were analyzed. These patients
had between 1 and 43 follow-up visits. Although there
were 72 cases with a follow-up visit, only 70 had a
follow-up rating. The two patients without a follow-
up rating were from acute care and were each seen
once after the initial visit. One had delirium and thus
the follow-up rating was deferred. For the second
case, the staff in acute care who were present at the
follow-up visit were unfamiliar with the patient and
thus the rating was deferred.

Table 2C shows the characteristics of the patient
sample entered into the program and for whom there
were both initial and final ratings. There was a large
association between the three referral sources and age
(Cohen’s f = 0.69) with younger participants referred
from acute care, older participants referred from LTC,
and referrals from the community being intermediate

Table 6
Distribution of Patients with Initial and Final Severity Rating Indi-

cating Need for BNU Admission

Target Program

BNU VBM Total,
(n = 50) (n = 20) (n = 70)

Initially requiring BNU
admission (n, %)

48 (96.0%) 16 (80.0%) 64

Requiring BNU admission
after final rating (n, %)

19 (38.0%) 5 (25.0%) 24

in age between those from LTC and acute care. There
was a negligible difference in age due to referral target
(f = 0.05). There was a medium association between
referral source and sex (Cramér’s V2df = 0.23), a
medium association between referral source and
referral target (V2df = 0.21), and a small associa-
tion between referral target and sex (V1df = 0.12).
Referrals from acute care were predominantly male
whereas referrals from LTC and the community were
more equally divided. While referrals from the com-
munity were split fairly evenly between the BNU and
VBM, referrals from acute care and LTC were pre-
dominantly to the BNU. In this sub-sample, there was
a large association between initial rating and referral
source (f = 0.64) and with referral target (f = 0.75). Ini-
tial rating was lower (greater need for hospitalization)
for participants referred from acute care and LTC and
higher for participants referred from the community.
Participants referred to VBM had higher initial rat-
ings (less need for hospitalization) than those referred
to the BNU.

Table 6 shows the distribution of patients referred
to the BNU or VBM whose initial severity rating was
1, 2, 3, 4, or 5 and thus indicated a requirement for
admission to the BNU. Ninety-six percent of those
referred to the BNU required admission. For those
referred to VBM without a parallel referral to the
BNU, only 80% were rated as needing admission to
the BNU. Following treatment, 38% of those referred
to the BNU and 25% of those referred to VBM still
required admission.

We compared those who initially needed admis-
sion (rating of 1, 2, 3, 4, or 5) to those who needed
admission based on the final rating. There was a
significant reduction in proportion of patients need-
ing admission to the BNU (p < 0.0001). However,
there was a significant interaction indicating differ-
ent effects between patients referred to the BNU
and those referred to VBM only (p = 0.0497). Fur-
ther analyses showed that there was a significant
change in necessity of admission for patients referred
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Fig. 6. Initial and latest severity ratings for the cumulative proportion of patients referred to the BNU.

to the BNU (p < 0.0001). However, a slightly smaller
but significant absolute difference was observed in
patients referred to VBM (p = 0.001).

Figure 6 shows the initial and latest severity ratings
for the cumulative proportion of patients referred to
the BNU. Figure 7 is an alluvial plot showing the
initial and latest severity ratings for the cumulative
proportion of patients referred to the BNU, as well
as movement of patients from the initial to the latest
ratings. For these patients, and as indicated above,
96% (n = 48) required admission to the BNU based
on an initial severity rating of 1, 2, 3, 4, or 5. How-
ever, based on the latest rating, only 38% (n = 19)
required admission. This represents a reduction in
those who required admission to the BNU by 60.42%
(CI: 47–74%). The proportional reduction in need for
admission was calculated as the difference between
the number of patients requiring admission at initial
rating and the number of patients requiring admis-
sion at final rating, divided by the number of patients
initially requiring admission.

Figure 8 shows the initial and latest severity rat-
ings for the cumulative proportion of patients referred
to VBM. Figure 9 is an alluvial plot showing the
initial and latest severity ratings for the cumulative
proportion of patients referred to VBM, as well as
the movement of patients from the initial to the latest
ratings. For these cases, 80% (n = 16) were rated as
requiring admission to the BNU based on the initial
rating even though no referral to the BNU was made.

Based on the final rating, only 25 % (n = 5) required
admission. This represents a 68.75% (CI: 44–89%)
reduction in those who needed admission to the BNU.

The reduction in those who needed admission to
the BNU for all cases combined, i.e., regardless of
whether they were referred to the BNU plus VBM or
only to VBM, was 62.5% (CI: 51–74%).

We also examined the reduction in need for admis-
sion to the BNU by comparing those who had an
initial rating of 1–3, i.e., those who clearly needed
admission, to those who clearly needed admission
based on the final rating. For those referred to the
BNU, the percentage reduction was 78.05% [i.e.,
100∗(41-9)/41] and for those refereed to only to
VBM, it was 57.14% [i.e., 100∗(7-3)/7].

DISCUSSION

VBM is a novel model of virtual care for assess-
ment and management of severe NPS associated
with dementia. In applying this model to patients
referred to our specialized inpatient BNU, we suc-
cessfully reduced the proportion of patients who
were in need of admission to this unit by 60.42%.
These were the patients with initial severity ratings
of 1–5. Prior to the development of VBM, essen-
tially all patients with an application for admission
to the inpatient BNU were admitted when a bed
became available. Whereas our findings are based
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Fig. 7. Alluvial plot showing the initial and latest severity ratings for the cumulative proportion of patients referred to the BNU, as well as
the movement of patients from the initial to the latest rating.

Fig. 8. Initial and latest severity ratings for the cumulative proportion of patients referred to VBM alone.
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Fig. 9. Alluvial plot showing the initial and latest severity ratings for the cumulative proportion of patients referred to VBM alone, as well
as the movement of patients from the initial to the latest rating.

on a single cohort, the 95% confidence limits for
this reduction were 47–74%. This supports the con-
cept that VBM is highly effective for managing the
majority of patients demonstrating NPS without a
need for physical transfer to a specialized neurobe-
havioral program. Thus the benefits of VBM include
avoiding exposure of patients to unnecessary changes
to their environment which could worsen NPS [6],
as well as avoiding unnecessary use of limited and
costly inpatient hospital resources. Moreover, avoid-
ing transfers facilitates continuity of care. In addition,
for community dwelling patients, it is often difficult
for caregivers to bring the person they care for to
a physician’s office when NPS are present. VBM
avoids the need for these patients to travel for assess-
ment and management.

In addition to reducing the need for admission of
patients referred to the inpatient BNU, we examined
the subset of cases referred to VBM without a par-
allel application to the BNU. Although this was a
milder group with less severe NPS compared to the
group with an inpatient application, 80% of cases in

this former group had NPS that were severe enough
to warrant a need for inpatient admission. This con-
trasts with 96% of patients who were rated as needing
admission among those referred to the inpatient BNU.
In this subgroup with a referral only to VBM, the pro-
portional reduction in patients who needed admission
to the inpatient unit, i.e., who had an initial severity
rating of 1–5, was 68.75% with a 95% confidence
interval of 44–89%. When considering all referrals
to VBM, i.e., those with a parallel referral to the
inpatient unit and those without such a referral, the
reduction in proportion of patients in need of admis-
sion to the inpatient unit was 62.5% with a 95%
confidence interval of 51–74%.

VBM is in essence a specialized “virtual inpatient
unit” that extends beyond the physical walls of the
hospital to serve LTC homes, acute care hospitals, and
the community. Since this unit is virtual, there are no
limitations due to physical space or bed availability.
In contrast, the main limitations are staff resources
involving physicians, allied healthcare professionals,
and administrative support. In addition, access to a
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stable internet connection and computer equipment
are limitations in some cases.

Another key feature differentiating VBM from tra-
ditional physical inpatient units focused on NPS is
the concept of healthcare team. In contrast to a fixed
team comprised of healthcare professionals based on
a physical inpatient unit at a single institution, teams
in VBM are fluid and vary depending on their loca-
tion. Although there is a core VBM team based at
the host site, the extended team includes a partner-
ship between the core VBM group and healthcare
professionals in the LTC homes, acute care hospi-
tals, and the community. Since the extended VBM
team members work together on individual cases,
there is capacity building due to sharing of exper-
tise. This capacity building is further enhanced when
teams come together in the assessment and manage-
ment of additional patients referred from the same
LTC homes and acute care hospitals.

Our findings are relevant to program develop-
ment and planning. First, there was approximately an
equal percentage of patients referred to VBM from
LTC, acute care, and the community. Thus, VBM
is designed to manage patients with NPS across the
full spectrum of care. Expansion of VBM, as well
as development of comparable programs at other
sites, will require attention to the different resources
and needs in LTC, acute care, and the community.
For example, scheduling patients in LTC and acute
care requires development of standard operating pro-
cedures to coordinate with several members of a
healthcare team and possibly family members or
caregivers, whereas scheduling in the community
involves coordination primarily with family members
or caregivers.

Second, duration of stay in VBM initially appeared
to relate to whether patients were referred to VBM
alone or to VBM plus the inpatient unit with a longer
duration for those with an inpatient referral. How-
ever, further analysis suggested that a key predictor
of duration in VBM was initial severity of NPS rather
than target referral program. Thus, the reason that
patients referred to the BNU required a longer treat-
ment period than those referred only to VBM may
be that the former group had more severe NPS at the
start of therapy. In contrast to the relation between
duration in VBM and target referral program, there
was no relation between duration of stay and whether
patients were referred from acute care, LTC, or the
community. Thus, program planning related to dura-
tion of stay should focus on initial severity of NPS
rather than referral source, i.e., LTC, acute care, or

community, or referral target program, i.e., VBM
alone versus VBM plus inpatient unit.

Third, there were differences in age and sex based
on referral source. There was a large association
between age and referral source with younger par-
ticipants referred from acute care, older participants
referred from LTC, and referrals from the commu-
nity being intermediate in age between those from
LTC and acute care. In addition, referrals from acute
care were predominantly male whereas those from
LTC and the community were more equally divided
between males and females. Thus, programs aimed at
accepting patients from acute care should be prepared
to manage NPS, such as aggression, in a younger
population that is predominantly male. Regarding
patients referred to the BNU, there were more males
than females but this was not significantly different
from referrals to VBM alone.

Fourth, consideration should be given to whether
there is a difference in referral pattern from acute
care, LTC, and the community to VBM versus VBM
plus a referral to the inpatient BNU. Although there
were no statistically significant differences, the data
suggest that referrals from acute care and LTC more
often include a referral to both the inpatient BNU
and VBM than to VBM alone. In contrast, the data
suggest that referrals from the community were more
equally divided between these two options. This may
reflect a greater tendency for acute care hospitals and
LTC facilities to transfer patients out of their facil-
ities as compared to caregivers in the community
not wanting an inpatient admission. Although further
study is required to confirm this, VBM programs that
accept referrals from acute care and LTC should be
prepared to address the pressures associated with a
higher demand for inpatient admission.

Fifth, approximately 10% of initial referrals to the
VBM program (10 cases) were discharged from the
program at the initial visit. This suggests that bet-
ter screening with triage to other services, as well as
education among referral sources about availability
of alternate resources, might have redirected these
referrals without a formal assessment in VBM.

Although we did not assess costs of the VBM
program compared to care on the physical inpatient
behavioral unit, it appears that the costs would be
considerably less in VBM. Patients are seen in VBM
for an initial assessment and follow up appointments.
The entire team consists of two staff physicians,
behavioral neurology fellows, a nurse, a clinical
navigator, and a pharmacist. There is also administra-
tive support. This contrasts with the more extensive
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resources on our inpatient unit which operates 24
hours per day, seven days a week, and includes a
team of registered nurses, advanced practice nurse,
registered practical nurses, personal support workers,
three staff physicians (behavioral neurologist, geri-
atric psychiatrist, primary care physician), behavioral
neurology fellows, allied health care professionals
including a neuropsychologist, occupational ther-
apist, physiotherapist, pharmacist, recreation ther-
apist, speech-language pathologist, social worker,
dietician, and administrative support. Other consid-
erations are costs of the physical space, overhead
support including pharmacy for distribution and costs
of medications, as well as back office supports such as
finance department, food, and nutrition costs. Patients
seen in VBM from long-term care who do not require
a transfer to the Behavioural Neurology Unit or other
acute care bed remain in one bed. This contrasts with
their being admitted to an inpatient unit bed in which
case they would be occupying two beds since their
long-term-care bed would be held. Thus, a savings of
bed days could be calculated. In addition, the costs of
patients being sent to acute care hospitals and emer-
gency departments for treatment of neuropsychiatric
symptoms of dementia while waiting for a bed on the
inpatient unit needs to be factored in as well. More-
over, community dwelling patients in crisis while
waiting for a bed on an inpatient unit often trigger 911
calls, which draw on police and ambulance resources.
VBM may serve to reduce these crises. However, to
address the issue of the cost effectiveness of the VBM
program, a direct assessment of costs in VBM com-
pared to a physical inpatient behavioral unit should
be formally studied.

Key factors related to the success of the VBM
program include the pharmacological and non-
pharmacological approaches that are utilized in the
program. For a review of general principles and over-
all management approach that we take in VBM, see
Wolf, Goldberg, and Freedman [4]. A few key points
will be mentioned here to illustrate general principles
of our approach.

Pharmacological approach

A major point is that the evidence for choosing
which medications to prescribe for NPS in dementia
is limited. It is therefore often necessary to impro-
vise in the pharmacological management. A general
approach that we have used with good results is
to borrow pharmacological strategies from psychi-
atric conditions that may manifest in the absence

of dementia, such as mood disorders and obses-
sive compulsive disorder, when similarities exist
between these disorders and the target neuropsychi-
atric symptoms in dementia. For example, patients
with repetitive, disruptive, compulsive-like behaviors
may improve with medications used for obsessive
compulsive disorder. Moreover, when newer drugs
fail, it is worth considering older medications that are
used less commonly. For example, we had success in
using clomipramine in patients with compulsive-like
behaviors within the context of dementia who did
not respond to selective serotonin reuptake inhibitors
[22].

Another general principle is to select medications
for NPS based on their side effect profile. For exam-
ple, medications for agitation and aggression [23]
that have sedation as a potential side effect, such as
gabapentin, may be helpful in patients with NPS who
also have difficulty sleeping. Thus for gabapentin,
we divide the dose and often administer the last
dose at bedtime when sleep is poor. For patients
with NPS and poor appetite, we may consider atypi-
cal antipsychotics, especially olanzapine, since these
medications may improve appetite. Mirtazapine, an
antidepressant, may also increase appetite.

Other general principles relate to awareness of drug
interactions in which one drug for NPS may increase
or decrease the levels of other drugs given concomi-
tantly, as well as that medication for NPS should be
started in low doses and that the maximum dose of
medication used in patients with dementia is often
lower than in younger patients. In addition, patients
often present with multiple NPS, such as physical
aggression, hallucinations, and depression. In these
cases, it is important to prioritize which behavior to
target first since treatment may differ depending on
the target behavior. Finally, patients may need com-
binations of medication to effectively treat NPS in
dementia. The aim should be to use the lowest dose
possible, although relatively high doses are required
in some cases.

Nonpharmacological interventions

Clinicians working from a nonpharmacological
approach utilize evidence-based tools to assess NPS
in persons living with dementia and to identify
possible triggers for these symptoms. These could
include unmet needs such as hunger, pain, unpleas-
ant stimuli in the environment such as loud noises,
psychological factors such as loneliness, or lack of
purpose, and ineffective approaches from the care



M. Freedman et al. / Virtual Behavioural Medicine Program 1183

team. Factors guiding choice of behavioral interven-
tions include the patient’s background, motivation,
strengths, weaknesses, and physical limitations that
might affect the interventions [4].

Building on the information collected, Behaviour
Supports Clinicians develop a patient centered inter-
vention and care plan and provide coaching and
guidance throughout implementation. Examples of
nonpharmacological interventions used in VBM
include the Gentle Persuasive Approach [24], valida-
tion therapy [25], redirecting patients, modifications
to eliminate environmental triggers, and Montessori-
based activities [26]. In addition, tasks may be
adapted to meet a person’s capabilities.

Studies have shown that non-pharmacological
interventions may provide positive results in the man-
agement of NPS [27]. In the majority of patients
referred to the Behaviour Supports Services, non-
pharmacological interventions are often the first line
of intervention. However for some patients, there is
a need for pharmacological intervention to comple-
ment nonpharmacological interventions. Thus, the
focus of VBM has been on combining pharmaco-
logical and behavioral interventions. This requires
collaboration among the health care teams in LTC,
acute care, and the community, as well as the patient’s
family and caregivers.

Limitations

There are limitations that should be noted. First,
the study sampled one cohort over a specified period.
Replication at our site is needed to demonstrate con-
sistent efficacy. Second, replication is needed in other
centers to demonstrate that the VBM model is scal-
able and generalizable to other centers, as opposed
to being dependent on factors that may be specific
to our institution. Third, the Severity Rating Scale
was scored by the treating physicians involved in the
clinical assessment and management of the patients.
Moreover, they were not blind to the referral source or
to other factors that may have influenced the ratings.
Although one can argue that the treating physicians
are in the best position to rate the patients, future stud-
ies should include severity ratings by an independent
assessor. In addition, although the rating scale has
clear face validity, it should be studied for reliabil-
ity and validity. Fifth, the sample size was relatively
small. Sixth, our study used a pre-post design to
describe change in need for admission and did not
include a control group that would have allowed char-
acterization of change due to other factors such as

the natural course of patients presenting with NPS or
utilization of alternate health care utilization.

Conclusion

VBM represents an innovative model of virtual
care designed to assess and manage patients with
NPS while they remain in their own familiar environ-
ment. VBM is a virtual neurobehavioral unit without
walls that serves the needs of patients in LTC, acute
care, and the community. Among patients referred to
a specialized inpatient neurobehavioral unit, VBM
successfully reduced the proportion who needed
admission by 60.42%. VBM is a game changer that
can reduce preventable emergency department visits
and acute care hospital admissions, which are exist-
ing pressures further exacerbated by COVID-19. In
addition, VBM is a scalable model of novel virtual
care that can be adopted worldwide.
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