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Abstract

Background: Coordination and communication challenges in home-based palliative care complicate transitions from hospital care.
Electronic symptom monitoring enables real-time data collection, enhancing patient-provider communication. However, a systematic
evaluation of its effectiveness in home-based palliative care is lacking.

Aim: To analyze the feasibility, effectiveness, and limitations of electronic symptom monitoring in home-based palliative care, assess
the evidence quality, identify the evidence gap, and suggest implications for future research and practice.

Design: This study uses systematic review, meta-analysis, and narrative synthesis (CRD42023457977) to analyze relevant studies until
September 2023.

Data sources: Electronic searches in MEDLINE, CENTRAL, and Embase until September 2023, complemented by hand-searching of
references and citations.

Results: This study included twenty studies. The majority of patients positively engage in electronic symptom monitoring, which could
improve their quality of life, physical and emotional well-being, and symptom scores without a significant increase in costs. However,
firm conclusions about the effects of electronic symptom monitoring on outcomes like survival, hospital admissions, length of stay,
emergency visits, and adverse events were limited due to significant variability in the reported data or inadequate statistical power.
Conclusion: Introducing electronic symptom monitoring in home-based palliative care holds potential for enhancing patient-reported
outcomes, potentially decreasing hospital visits and costs. However, inconsistency in current studies arising from diverse monitoring
systems obstructs comparability. To advance, future high-quality research should employ standardized follow-up periods and
established scales to better grasp the benefits of electronic symptom monitoring in home-based palliative care.
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What is already known about the topic?

e Home-based palliative care has grown in popularity, but challenges in coordinating care and communication between
hospital and home settings can impact transitions, healthcare consumption, care quality, and patient safety.

e Electronic symptom monitoring systems in home-based palliative care utilize telemedicine to remotely collect real-time
symptom data, offering flexible feedback to patients and healthcare providers during clinical consultations.

SDepartment of Dental Emergency and General Dentistry, West China
Hospital of Stomatology, Sichuan University, Chengdu, China

7Department of Evidence-Based Stomatology, West China Hospital of
Stomatology, Sichuan University, Chengdu, China

1State Key Laboratory of Oral Diseases & National Center for
Stomatology & National Clinical Research Center for Oral Diseases, West
China Hospital of Stomatology, Sichuan University, Chengdu, China
2Department of Conservative Dentistry and Endodontics, West China

Hospital of Stomatology, Sichuan University, Chengdu, China *These authors contributed equally to this work.
3Department of Head and Neck Oncology, West China Hospital of
Stomatology, Sichuan University, Chengdu, China Corresponding author:
4Department of Orthodontics, West China Hospital of Stomatology, Yubin Cao, State Key Laboratory of Oral Diseases & National Center
Sichuan University, Chengdu, China for Stomatology & National Clinical Research Center for Oral Diseases,
SDepartment of Oral and Maxillofacial Surgery, West China Hospital of West China Hospital of Stomatology, Sichuan University, No. 14, 3rd
Stomatology, Sichuan University, Chengdu, China Section, Renmin Nan Rd., Chengdu 610041, China.

Email: yubin.cao@scu.edu.cn


https://uk.sagepub.com/en-gb/journals-permissions
http://journals.sagepub.com/home/pmj
mailto:yubin.cao@scu.edu.cn
http://crossmark.crossref.org/dialog/?doi=10.1177%2F02692163241257578&domain=pdf&date_stamp=2024-06-04

Palliative Medicine 00(0)

What this paper adds?

Most patients positively engage in electronic symptom monitoring, potentially enhancing quality of life, physical and
emotional well-being, and symptom scores without significant cost increase.

Definitive conclusions regarding the impact of electronic symptom monitoring on outcomes such as survival, hospital
admissions, length of stays, emergency visits, and adverse events were constrained by substantial variability in reported
data or inadequate statistical power.

Implications for practice, theory, or policy

Future high-quality randomized controlled trials or large-scale real-world studies on electronic symptom monitoring in
home-based palliative care should assess its short-, medium-, and long-term effects on both cancer and non-cancer
populations.

Employing globally recognized patient-reported outcome scales like the EORTC Core Quality of Life Questionnaire and
the 36-item Short Form Health Survey guarantees reliable and generalizable results in accurately assessing symptoms
and enabling meta-analysis.

Incorporating electronic symptom monitoring into home-based palliative care should prioritize accessibility, feasibility,

and patient acceptance, particularly in uncertain clinical scenarios.

Introduction

Electronic symptom monitoring involves using question-
naires distributed to patients through electronic systems,
such as the World Wide Web, a smartphone app, or an
automated telephone interface, to gather patient-reported
outcomes (PROs).t A PRO constitutes any direct report from
a patient on their health status, without interpretation by a
clinician or others, and is typically assessed through patient-
reported outcome measures (PROMs), often in the form of
self-report questionnaires.? Electronic symptom monitoring
streamlines symptom reporting, allows for remote data col-
lection, and facilitates patient-provider communication
regarding symptoms3* (Supplemental File 1), potentially
impacting clinical decision-making significantly.

Electronic symptom monitoring systems exhibit three
key characteristics. Firstly, the “electronic” aspect involves
data collection in a telemedicine fashion, bypassing the
use of paper or routine clinical visit. Secondly, focusing on
“symptom,” these systems gather subjective symptoms
reported directly by patients, as opposed to objective
signs reflecting physiological functions. They do not rely
on wearable or implantable sensors for automatic vital
sign tracking.®> Electronic monitoring systems could alert
health professionals about severe symptoms reported by
patients.1® Lastly, under “monitoring,” the emphasis is on
the essential patient-healthcare interaction, distinguish-
ing them from self-management tools like diary
applications.”

Palliative care emphasizes responsiveness to individual
patient needs and preferences,® which aligns with the global
efforts by the WHO to improve access to and provision of
palliative care.® Patients receiving palliative care often desire
to spend as much time as possible at home while feeling
secure.’® To manage patients in home-based palliative care
largely alleviates burdensome symptoms and improves
quality of life. This is why home-based palliative care has

become increasingly prevalent, especially since the COVID-
19 pandemic.!! Various complex challenges must be taken
into account for adult patients in home-based palliative
care. Adults in palliative care frequently grapple with long-
standing chronic illnesses,’2 multiple concurrent medical
conditions,3 and more intricate psychological needs,* all of
which can complicate care and treatment planning.
Additionally, challenges also exist in care coordination and
communication at home can complicate transitions
between hospital-based and home-based palliative care,
while these transitions, if not managed effectively, can lead
to increased healthcare consumption, poor care quality, and
threats to patient safety.’

The prevalent utilization of electronic symptom moni-
toring provides more opportunities for the practice of
home-based palliative care.l®17 However, the effective-
ness of electronic symptom monitoring in home-based
palliative care has not been comprehensively evaluated.
While there are comprehensive studies that mention
electronic symptom monitoring in home-based palliative
care, they do not specifically focus on or provide a detailed
description of it.1”

Therefore, the objective of this systematic review is to:
(1) delineate the essential features of the existing studies
and electronic symptom monitoring systems; (2) evaluate
the feasibility, effectiveness, and limitations of electronic
symptom monitoring in home-based palliative care; and
(3) appraise the quality of evidence, pinpoint evidence
gaps, and suggest implications for future relevant practice
and research.

Methods

The authors opted for a systematic review, meta-analysis,
and narrative synthesis methodology to examine the evi-
dence on the use of electronic symptom monitoring in
home-based palliative care. This research approach was
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chosen to systematically search, evaluate, and synthesize
relevant research evidence in this area.

This systematic review was conducted according to
the Cochrane Handbook for Systematic Reviews of
Interventions!® and reported as per the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses reporting
guideline 2020 (PRISMA 2020).1° More details can be found
in the Supplemental File 2.

Protocol and registration

The review protocol was pre-registered in PROSPERO
(CRD42023457977).

Search strategy

We searched the Cochrane Central Register of Controlled
Trials (CENTRAL), Embase (OvidSP), and MEDLINE
(OvidSP). Keywords related to electronic systems, symp-
tom monitoring/assessment, patient reported outcomes
and palliative care were included in the search strategy
(Supplemental File 3). The final search was conducted on
September 8th, 2023. A preliminary search was con-
ducted using each of the four databases to identify a list
of relevant search terms. The databases were then sys-
tematically searched using a combination of free-text
terms or Mesh terms. We used search terms related to
home-based palliative care, electronic symptom monitor-
ing, and patient-reported outcomes. We applied no
restrictions in language and publication date.
Subsequently, all search results were imported into
EndNote 20 (Thomson Reuters, Canada) for data storage.

Eligibility criteria

Eligibility criteria are shown in Table 1.

Study selection

Two authors (SM and LL) screened titles and abstracts of
studies retrieved in the search. The full texts of studies
potentially relevant to this review were downloaded for
detailed assessment. Appropriateness for inclusion of the
studies was assessed by two authors (SM and LL) indepen-
dently. In case of disagreement, a consensus was reached
through discussion with the arbitrator (YCao).

Data extraction

Two authors (SM and LL) conducted the data extraction
process independently using standardized data extraction
forms and cross-checked their findings. In the event of
any discrepancies, a consensus was reached through dis-
cussion with the arbitrator (YCao). Subsequently, the data
obtained from the extraction forms were consolidated

into a unified format. The following data were extracted:
name of the first author, year of publication, country in
which the study was performed, study design, population
type, participants’ age, sample size, setting, intervention/
control administrated, characteristics of electronic symp-
tom monitoring systems, and outcomes.

Characteristics of electronic symptom monitoring sys-
tems included:

e Whether the patient’s basic characteristics are dis-
played on the interface?—Yes or no.

e Whether the system is integrated with electronic
health records?—Yes or no.

e Which scale or index is used to score or grade the
symptom?

e When could patients report symptoms?—at any
time (real-time), and/or at a specific time as the
system requires (time-based).

e When will the system remind patients of symptom
reporting?

e How will the system remind patients of symptom
reporting?

e Who can access the changing trend of symptom
data over time?—clinicians, patients, and/or other
patients with permission.

e When can personnel access the changing trend of
symptom data over time?—Real-time and/or
time-based.

e Which form is adopted to present over-time symp-
tom data?—Line chart, bar chart, or other forms.

e What are the criteria or threshold scores for trig-
gering alerts or notifications based on patient-
reported outcomes?

e How to alert the patients and/or healthcare team
when patient-reported outcomes exceed the pre-
defined threshold?

e How to manage the worsening symptoms after
receiving the alert?

e How to deliver educational materials to patients
via the system?

e How can patients communicate with each other or
with personnel of the healthcare team?

The following 11 categories of outcomes were extracted:

e Patient engagement: defined as the desire and
capability to choose to utilize electronic symptom
monitoring service actively?%; measured by (1)
number of completions (the number of times par-
ticipants complete the symptom reporting via the
electronic symptom monitoring system), (2) num-
ber of accesses (the number of times participants
access the electronic symptom monitoring system),
and (3) completion rate (calculated as the number
of completions divided by the expected accesses).
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Table 1. Inclusion/exclusion criteria.

Inclusion criteria

Exclusion criteria

Population

Intervention

Comparison
Outcome

Study

Aged =18 years
In any home-based palliative care trajectory,
regardless of diagnosis

Electronic symptom monitoring systems provide
real-time monitoring that enables patients to
submit PROs at any time

Any comparator or no comparator

Patient engagement

Quality of life

Physical functioning

Emotional functioning/well-being

Symptom scores

Survival

Hospital admission

Emergency visit

Length of hospital stay

Cost effectiveness

Adverse events

English languages

Original studies including randomized/ quasi-
randomized controlled trials, non-randomized
controlled trials, observational studies (cohort,
cross-sectional, and case-control studies), and

Patients unable to access to the World
Wide Web, a smartphone app, or an
automated telephone interface due to
any reason

Patients unwilling to participate in

the study of electronic symptom
monitoring

Wearable or implantable sensors
collecting vital signs

Paper-based symptom monitoring in
hospitals or clinics

Symptom recording or reporting
without monitoring by healthcare
personnel

Not applicable

Not applicable

Non-English paper
Reviews, conference abstracts,
editorials, comments, and letters

feasibility/pilot studies

Quiality of life: defined as an individual’s subjective
perception of their overall position in life, taking
into account the cultural and value systems within
which they exist, which also encompasses their
goals, expectations, standards, and concerns?;
measured by any validated tools/scales.

Physical functioning: defined as the ability to per-
form basic and instrumental activities of daily liv-
ing22; measured by any validated tools/scales.
Emotional functioning/well-being: defined as any
report of the status of a participant’s ability to
manage and express emotions effectively, contrib-
uting to overall psychological health??; measured
by any validated tools/scales.

Symptom scores: defined as any report of a numer-
ical assessment used to quantify the severity or fre-
quency of symptoms experienced by a participant
of a specific disease?3; measured by any validated
tools/scales.

Survival: defined and measured by various metrics
including the time from the start of the intervention
to death from any cause or a specific disease, as
well as the duration that participants live with the

disease without it deteriorating. Additionally, sur-
vival can be measured based on the proportion of
participants who die during the follow-up period.?*
Hospital admission: defined and measured as pro-
portion of participants admitted to hospital for any
reason.?

Emergency visit: defined and measured as propor-
tion of participants visiting the emergency depart-
ment at least once.?®

Length of hospital stay: defined and measured as
days patients revisit hospital after having home-
based palliative care.?’

Cost effectiveness: defined and measured as elec-
tronic symptom monitoring’s effects on medical
costs during palliative care.?8

Adverse events: defined and measured as any
adverse events related to the electronic symptom
monitoring application.?®

Evidence synthesis

The design, setting, participants, follow-up procedures,
and details about the intervention and control groups of
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[ Identification of lies via datab and

[ Identification of studies via other methods ]

]

Records removed before
screening:
Duplicate records removed
(n=1096)
Records marked as ineligible
by automation tools (n = 0)
Records removed for other
reasons (n =0)

Records identified from:
Databases (n =4609) >
Registers (n = 0)

Identification

Records identified from:
Websites (n =0)
Organisations (n = 0)
Citation searching (n = 14)
etc.

!

Records excluded
(n =3458)

Records screened >

(n=3513)
!

Reports sought for retrieval 5| Reports not retrieved
(n=155) "] (n=6)

Reports sought for retrieval Reports not retrieved

(n=8)

v

Screening

!

(n=13)
!

Reports excluded:

> Not ESM that enables
patients to submit PROs at
multiple time points (n =19)
The participants are not adult
(n=3)

Not ESM (n =3)

The participants are not in a
v home-based palliative care
trajectory(n=6)

Reports assessed for eligibility
(n =49)

Studies included in review

Reports assessed for eligibility

»| Reports excluded:
(n=5)

Not an original study (n =1)
Not ESM that enables
patients to submit PROs at
multiple time points (n =2)

(n =20)

[ Included ] [

Figure 1. The PRISMA 2020 flow diagram.

included studies were summarized. To streamline the
summarization process, a Microsoft Excel spreadsheet
was utilized, which employed a standardized data extrac-
tion form in alignment with the initial data extraction pro-
cedures. For two-arm or pre-post comparison, the risk
ratio (RR, indicating the ratio of the risks for an event for
the intervention group to the risks for the control group)
and 95% confidence interval (95%Cl) were reported or
calculated for dichotomous variables, whereas mean dif-
ference and 95%Cl was reported or calculated for continu-
ous variables.

Meta-analyses were performed on randomized con-
trolled trials reporting outcome measures of survival and
hospital admission. Statistical heterogeneity was assessed
using the |2 statistic. Considering the variation in disease
type and age among the patient populations, the meta-
analyses were performed using the DerSimonian and Laird
random effects models in RevMan 5.4.%°

Regarding the remaining outcomes in randomized con-
trolled trials and nonrandomized studies on interventions,
there was significant heterogeneity in terms of the popu-
lation and measuring methodology, or only a significantly
limited number of results within the same domain. As a
result, these outcomes were deemed unsuitable for meta-
analysis. Instead, they were synthesized using the core
narrative methods outlined in the Cochrane Handbook for
Systematic Reviews of Interventions,3° and reported fol-
lowing the SWiM (Synthesis Without Meta-analysis)
reporting guideline3! (Supplemental File 4).

Quality assessment

We used version 2 of the Cochrane risk-of-bias tool for
randomized trials (RoB2)32 to assess the quality of rand-
omized controlled trials. For nonrandomized studies on
interventions, the Risk Of Bias In Non-randomized Studies
of Interventions (ROBINS-I) tool®® was used. The quality
assessment was independently undertaken by two
authors (SM, LL). Any disagreement was discussed with
the third author (YCao).

Results

Study selection

Figure 1 illustrates the flow diagram for the search strat-
egy. The initial searches retrieved a total of 4609 articles,
and 1096 studies were removed due to duplication. After
analysis of titles and abstracts, another 3458 articles were
excluded, and 49 studies were selected for full-text read-
ing. Another 2 studies were identified through citation
searching. Following full-text reading, 31 articles were
excluded (Supplemental File 5). Finally, 20 articles were
included in the present systematic review.

Study characteristics

A total of twenty studies that met the inclusion criteria
were identified and conducted between 2006 and 2023
(Table 2). Among these, four were randomized controlled
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trails, while the remaining sixteen were nonrandomized
studies on interventions. Nine studies originated from
Europe, with three from the Netherlands, five from the
UK, and one each from Switzerland and Spain. Additionally,
one study each came from Australia, Canada, and Kenya.
All studies were conducted in patients’ homes, and a total
of 2487 patients were included in the analysis. Study sizes
varied, with the number of patients ranging from 2 to 829,
all of whom received palliative care at home using an elec-
tronic symptom monitoring system. Participant character-
istics were inconsistently reported across the studies, but
among those that did report, a majority of patients had a
cancer diagnosis. Moreover, most studies specifically
enrolled elderly patients, with participant ages ranging
from 20 to 93 years. Each study reported at least one main
outcome, with two studies reporting the highest number
of seven main outcomes. In total, 18 electronic symptom
monitoring systems were included in this study, and their
characteristics were summarized in Supplemental File 6.

Risk of bias assessment

Regarding Randomized controlled trials, the RoB2 assess-
ments showed that some concerns existed regarding the
overall risk of bias in four of the included studies. All the
four studies?>34-3¢ had unclear or high risk of bias due to
deviations from the intended intervention, and half of
them failed to report some outcome data (Figure 2(a)).
Moving on to nonrandomized studies on interventions,
the use of ROBINS-I tools revealed that most of the
included studies (11 out of 16) had serious issues in terms
of overall assessments. While some studies had achieved
low or moderate deviations from the intended interven-
tions, most of them (10 out of 16) had serious bias due to
confounding, while the remaining studies had moderate
bias, ultimately downgrading the overall assessment
scores. In terms of participant selection and missing data,
most of the studies had moderate concerns, but two stud-
ies presented serious issues related to missing data (Figure
2(b)). In general, the risk of bias across all studies was
either unclear or high. Consequently, it is advisable to
interpret the findings cautiously.

Main findings of included studies

The overall outcome reporting schema of included studies
was presented in Table 3.

Patient engagement. Sixteen studies reported patient
engagement outcomes. The measurements of patient
engagement mainly focused on the number of comple-
tions for accessing the system. The most frequently
reported measure of patient engagement was the com-
pletion rate, which was mentioned in 13 out of 16 studies
(13/16).2526:283537-44 Additionally, two studies reported

the number of completions*>#¢ and one study reported
the number of accesses.*” The completion rates in the
electronic symptom monitoring group varied between
44% and 100%. Cornetta et al.? assessed Telehospice, an
electronic symptom monitoring system that evaluates
patient health status and symptoms through phone calls,
facilitating remote patient care and timely intervention
and providing tailored advice and contact information of
medical navigators, even reported a 100% participation
rate in weekly follow-up calls. However, only a few partici-
pants made full use of the electronic symptom monitoring
system. On the other hand, Zylla et al.*! reported that
although most patients agreed that the electronic survey
was straightforward and helpful in addressing their symp-
toms, the response rates via Epic MyChart (an electronic
system combining medical record and PROs monitoring)
were only 46%. Bhargava et al. reported that some non-
adherence rates were related to factors unrelated to the
electronic symptom monitoring system itself, but rather
to the health of the patient.

Patient engagement was also evaluated using
interviews  or  structured questionnaires. Eight
studies?>27,39,4041,4447,48 reported that most patients were
satisfied with the electronic symptom monitoring systems
and found them comfortable and easy to use. Three stud-
ies26:2837 reported that most patients would like to use
electronic symptom monitoring again or recommend it to
other patients. However, Helleman et al.3” (evaluating a
system to navigate symptom data with alerts to health
professionals for severe symptoms called Amyotrophic
Lateral Sclerosis Home-monitoring and Coaching) also
reported that 13% of participants found the use of elec-
tronic symptom monitoring burdensome. In summary,
patient engagement varied for different electronic symp-
tom monitoring systems, patients’ non-adherence is
caused by their health condition or the burden caused by
filling out the questionnaire through the electronic symp-
tom monitoring systems.

Quality of life. Five studies?>?8 assessed different aspects of
quality of life. Two pilot studies did not find evident improve-
ment by electronic symptom monitoring. Nemecek et al.18
found no significant difference in the quality of life evalu-
ated by FAMCARE (Family Satisfaction with End-of-Life Care)
and QLQ-C15 (EORTC Quality of Life Questionnaire-Core 15)
scores between the control and the intervention group.
Besse et al.?> reported a non-significant increase in overall
quality of life measured by the EORTC QLQ C30 (EORTC
Quality of Life Questionnaire-Core 30) scale. However, all
three randomized controlled trials showed increased quality
of life compared to control. Lee et al.3> reported that the
intervention group was more likely to have a good quality of
life compared to the control group (35.9% vs 33.8%) as
measured by EORTC Quality of Life Questionnaire Core 30.
Maguire et al.?> (evaluating a system navigating symptom



Palliative Medicine 00(0)

10
(a) Risk of bias domains
D1 D2 D3 D4 D5 Overall
Gustafson 2017 [6) [6) [6) ® ) [6)
2| Maguire 2021 () (6] @ @ (] o
| ree2023 (6] [6) @ (&) () o
Bakitas 2020 (6} (6] [6) (6] o (G)
Domains: Judgement
D1: Bias arising from the randomization process.
D2: Bias due to deviations from intended intervention. T Some concerns
D3: Bias due to missing outcome data. . Low
D4: Bias in measurement of the outcome.
D5: Bias in selection of the reported result.
(b) Risk of bias domains
DI D2 D3 D4 D5 D6 D7 | Overall
Maudlin 2006 ® © ® & & ® © e
Maguire 2015 ® © & & 6 6 & e
Bonsignore 2018 ® ®& ® ® © o e o
Helleman 2020 © 6 &6 ® 6 o6 e O
Pavic 2020 © & & & 6 & o ©
Bhargava 2021 ® 6 & & 6 & o6 e
CastiloPadrs2023 | © | ©  © @® | © © @ | ©
Z | Schuler 2023 ® ® 6 © ® o e e
& MeCall 2008 ® & 6 & & 6 6 e
Zylla 2020 ® ® € © & ® ©® e
Wajeik 2022 ® © & @& ©6 & ©® o
Adam 2021 ® ©6 6 6 6 & & e
Bosse 2016 © ® & & 6 & @ O
Hochstenbach20l6 | @  © & @& | ® © © @ ©
Nemecek 2019 ) ) ® (&) ® (<) ® O
Cornetta 2023 © & & ® 6 e e o
Domains: Judgement
DI: Bias due to confounding. )
D2: Bias due to selection of participants. . Serious
D3: Bias in classification of interventions. ® ioderate
D4: Bias due to deviations from intended interventions.
D5: Bias due to missing data. . Low
D6: Bias in measurement of outcomes.
D7: Bias in selection of the reported result.
(c)
ESM Usual care Risk Ratio Risk Ratio
Study or Subgroup _ Events Total_Events Total Weight IV, Random, 95% Cl 1V, Random, 95% Cl
R. Maguire 2021 3 4ls 3 414 28.6%  100(0.20,4.91] —_—
Nemecek 2019 58 3 7 714% 146 (0.53,4.00] —_—r
Total (95% C1) 423 421 1000%  131[0.56,3.07) e —
Total events 8 6
Heterogeneity: Tau? = 0.00; Chi* = 0.16, df = 1 (P = 0.69); I* = 0%
Test for overall effect: Z = 0.62 (P = 0.54) o1 02 05 2 51
ESM usual care
( ) ESM Usual care Risk Ratio Risk Ratio
u n
M. Lee 2023 71 36.6%  0.83 (058, 1.19]
R. Maguire 2021 120 415 109 414 63.4%  1.10[0.88, 137]
Total (95% C) 557 485 100.0% 0.9 [0.76, 1.29]
Total events 168 138
Heterogeneity: Tau’ = 0.02; Chi’ = 1.71, df = 1 (P = 0.19); I* = 41% *
Test for overall effect: Z = 0.07 (P = 0.94) 05 07 ks 2
ESM usual care

Figure 2. Forest plots of the survival and hospital admission
outcomes and quality assessment of included studies: (a)
quality assessment of the randomized clinical trials according
to RoB2 tool, (b) quality assessment of the nonrandomized
studies of interventions according to ROBINS-I tool, (c) forest
plot of survival outcomes for ESM versus usual care, and (d)
forest plot of hospital admission outcomes for ESM versus
usual care.

data with alerts to health professionals for severe symp-
toms) reported that FACT-G (Functional Assessment of Can-
cer Therapy-General) scores were higher in the intervention
group than in the control group (MD =4.06, 95%CI 2.65 to
5.46, p < 0.05). Bakitas et al.3¢ indicated improvements in
quality of life scores for palliative therapy and heart failure
participants evaluated by Functional Assessment of Chronic
lliness Therapy—Palliative Care 14 score. In summary,
results from randomized controlled trials consistently sup-
ported that electronic symptom monitoring could enhance
patients’ quality of life.

Physical functioning. Two studies?>4> reported outcomes
related to physical functioning. In the pilot study by Magu-
ire et al.,* no statistical significance was observed in
major physical functioning domains, including fatigue,
drowsiness, and appetite. However, a recent trial by the
same research group?® showed electronic symptom moni-
toring improved the physical functioning domains, com-
pared with the control group (allocated to standard care).
They also found that support needs measured by Sup-
portive Care Needs Survey Short-Form 34 were lower in
most domains, including sexuality needs (p <0.05),
patient care and support needs (p < 0.05) and physical
and daily living needs (p < 0.05). Overall, though insignifi-
cant in the pilot study, the high-quality evidence sup-
ported the improvement of physical functioning by
electronic symptom monitoring.

Emotional functioning/well-being. Seven studies reported
outcomes related to emotional functioning and well-being,
specifically focusing on anxiety and depression. Three
studies?84’ reported significant decrease in anxiety and
depression for the electronic symptom monitoring group,
while another three did not. The pilot study by Maguire
et al.*> found that patients reported moderate levels of
anxiety both at baseline and follow-up. A single-arm study
conducted in Kenya by Cornetta et al*® reported that worry
and feelings of not being at peace were at moderate sever-
ity when using electronic symptom monitoring. Schuler
et al.3? using an electronic symptom monitoring system to
track health and fitness and collect emotional functioning/
well-being data, found that 17% of patients experienced
moderate or severe distress. However, the randomized
controlled trial by Maguire et al.%> noted a slight improve-
ment in mean scores for the “positive attitude” and “mak-
ing decisions” subscales following electronic symptom
monitoring use, along with lower scores on the anxiety
scale compared to the control group. Supported by 3/6
pilot studies and the only one randomized trial, electronic
symptom monitoring could enhance emotional function-
ing/well-being, but the effect may be context-dependent.

Symptom scores. Seven studies reported symptom scores.
A feasibility study by Schuler et al.3° reported that patients’
mean self-reported Integrated Palliative Outcome Scale
score for symptom burden was 17.5 out of 56. Cornneta
et al.*? reported that the pain scores generally improved
but were still moderately high throughout the observation.
Besse et al.*® reported that in a 4-week study, the mean
NRS pain score decreased nonsignificantly from 4.78 to
3.33 (p =0.07). EORTC Quality of Life Questionnaire Core 30
pain subscale significantly decreased from 56 to 35
(p=0.047). Gustafson et al.*° found no significant changes
in symptom scores. However, three controlled studies?>:3>47
reported improvement in symptom scores. Bonsignore
et al.*” reported that 82% of participants showed improve-
ment in symptoms (measured by a reduction =1 point on
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the Edmonton Symptom Assessment System with a total
score of 10) using TapCloud (an app for symptom tracking
and communication with healthcare providers) by the sec-
ond or third visit. Maguire et al.?> reported that Multidi-
mensional Symptom Assessment in Palliative Care indicated
a significant reduction in the intervention group (utilizing
Advanced Symptom Management System) for global dis-
tress index (MD =-0.21, 95%Cl -0.27 to -0.16, p < 0.05),
psychological symptoms(MD =-0.16, 95%Cl -0.23 to -0.10,
p <0.05), and physical symptoms (MD=-0.21, 95%Cl
-0.26 to —-0.17, p < 0.05). They also found that 81.8% of
patients using electronic symptom monitoring showed
improvement in pain. Lee et al.3> found patients who use
electronic symptom monitoring for home-based palliative
care have less symptom burden. Collectively, these findings
from high-quality evidence consistently supported that
electronic symptom monitoring could effectively reduce
symptom scores assessed by diverse scales.

Survival. Nine studies reported survival outcomes.
Most studies37.38,40,44,47,48,49 gnly reported deaths during
the intervention, which precluded the analysis on the
effects of electronic symptom monitoring. Our synthesis
of two randomized controlled trials'®2> revealed no sta-
tistical difference (RR=1.31, 95%Cl 0.56 to 3.07,
p > 0.05) in deaths between the electronic symptom
monitoring used in home-based palliative care and
usual care (Figure 2(c)).

Hospital admission. Six studies reported outcomes
related to hospital admission. Three single-armed stud-
ies27.4049 reported hospital admission rates ranging from
30.7% to 66%. A non-randomized controlled clinical trial?®
found no significant difference in hospital admission
between groups (87.5% for electronic symptom monitor-
ing versus 85.7% for usual care). The meta-analysis syn-
thesizing two randomized controlled trials?’:3> reported
fewer hospital admissions in electronic symptom moni-
toring group than usual care (RR=0.99, 95%Cl 0.76 to
1.29, p > 0.05) (Figure 2(d)). To summarize, no evident
effect of electronic symptom monitoring was found on
hospital admissions.

Length of hospital stay. Two studies reported the length of
hospital stay. Maudlin et al.?” reported that 77% of patients
using electronic symptom monitoring experienced a
reduced number of bed days compared to the mean length
of usual care. However, the randomized controlled trial by
Bakitas et al.3¢ evaluating the Enhancing Activation and
Knowledge in Chronic Heart Failure—Palliative Care (an
innovative program aimed at improving patient activation
and knowledge in individuals with chronic heart failure
receiving palliative care) reported no relevant between-
group differences in hospital stay (p > 0.05). Hence, we

could not conclude that electronic symptom monitoring
could reduce the length of hospital stay.

Emergency visit. Five studies reported outcomes related
to emergency visits. In the single-arm study, Pavic et al.26
reported that 36.7% of patients had an emergency visit,
while Bhargava et al.*° reported no emergency visits. Two
feasibility study reported a reduction in emergency visits.
Maudlin et al.?’ reported a 19% reduction in emergency
department visits over 6 months, while Lee et al.3>
reported a similar trend in ER visits (19.7% vs 22.5%).
However, the randomized controlled trial by Bakitas
et al.3¢ reported no relevant between-group differences in
emergency visit (p > 0.05). Consequently, we could not
conclude that electronic symptom monitoring could
reduce the emergency visit.

Cost effectiveness. Four studies reported the cost effec-
tiveness outcomes, primarily comprising admissions
and emergency department costs. Three of them?7.2849
reported a reduction of cost by using the electronic symp-
tom monitoring system, while Bakitas et al.3¢ reported that
no intergroup difference was observed in resource use. All
these results demonstrate that using electronic symptom
monitoring will not increase the health economic burden.
reported a reduction of cost by using the electronic symp-
tom monitoring system, while Bakitas et al.3¢ reported that
no intergroup difference was observed in resource use. All
these results demonstrate that using electronic symptom
monitoring will not increase the health economic burden.

Adverse events. Only one study, Maguire et al.?> reported
that neutropenic events were higher in the intervention
group (125/414) than in the control group (71/415). How-
ever, it was unclear whether this adverse event was asso-
ciated with using an electronic symptom system.

Discussion
Summary of main findings

This systematic review synthesizes evidence from 20 stud-
ies and provides a comprehensive summary of the use of
electronic symptom monitoring in home-based palliative
care. Most patients have a positive attitude to engagement
in electronic symptom monitoring. Electronic symptom
monitoring systems show the potential to improve patient’s
quality of life, physical functioning, emotional functioning/
well-being, and symptom scores without increasing costs.
Nevertheless, definitive conclusions regarding the impact
of electronic symptom monitoring on survival, hospital
admissions, length of hospital stays, emergency visits, and
adverse events were precluded due to substantial hetero-
geneity or inadequate statistical power.
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Overall completeness and applicability of
evidence

Improvement of patient’s quality of life, physical function-
ing, emotional well-being, and symptom scores has vali-
dated the effectiveness of electronic symptom monitoring
in home-based palliative care. This remote intervention
has the potential to directly impact the psychological sta-
tus of patients. Prior research indicates that more than
one-third of patients found psycho-existential symptoms
distressing and burdensome; for example, 35.8% experi-
enced feelings of hopelessness, 26.9% expressed a sense
of pointlessness and loss of life’s value, and 17.0% har-
bored a desire to hasten death.>® Despite this, the current
provision of psychological services in palliative care is
likely insufficient.>! Electronic symptom monitoring can
alleviate their fear of burdening others by involving
patients in reporting and managing their symptoms.>?
Additionally, the communication platform allows patients
to discuss concerns about loved ones, symptom manage-
ment, fear of isolation, and the approaching end of life.>3
Furthermore, patients demonstrated a greater willingness
to seek psychological support through a remote digital
system compared to face-to-face interactions.>

When interpreting its applicability, it is essential to
note that certain studies have indicated no significant
enhancements in patient-reported outcomes. Besse
et al.*® reported a nonsignificant rise in quality of life as
measured by the EORTC Quality of Life Questionnaire-
Core 30. However, we did not incorporate these findings
into the primary conclusion due to the recruitment of only
a single arm consisting of 13 patients in the feasibility
study. Additionally, we observed that some patients found
the electronic symptom monitoring system burdensome.
These adverse findings serve as a reminder that electronic
monitoring systems may not be suitable or beneficial for
all patients. While acknowledging the advantages of elec-
tronic symptom monitoring using evidence-based
approaches, clinicians should base their decision to initi-
ate or continue using such systems on the perception of
individual patients.

Furthermore, there are ongoing concerns regarding its
practicality in real-world scenarios. The majority of stud-
ies have been conducted in high-income nations, with
minimal focus on the medical expenses related to elec-
tronic symptom monitoring. The sole study from a low-
income country3® found that worry and feelings of unease
persisted at a moderate level during electronic symptom
monitoring. The preexisting anxiety among patients in this
study may be linked to limited medical resources in Kenya,
and electronic symptom monitoring alone may not ade-
quately address their symptoms and worries without a
robust healthcare infrastructure. Moreover, while four
studies indicated that electronic symptom monitoring
would not add to the economic burden on healthcare,

none of them considered the direct costs of implementing
the monitoring system. Although patients could use the
system in research settings, expenses related to software
development, maintenance, utilization, and additional
staffing could pose a financial strain on patients and
healthcare systems in real-world scenarios. Failure to
assess the impacts across various populations and health-
care systems could potentially lead to inequities in health
outcomes with the digital implementation of electronic
symptom monitoring.>>

Despite the potential benefits of electronic symptom
monitoring in improving patient-reported outcomes,
there were no clear advantages observed in terms of sur-
vival or other disease progression-related outcomes.
Nonetheless, these findings should not discourage the
implementation of electronic symptom monitoring. Given
the complex and varied disease presentations in palliative
care patients, it is understandable that significant
improvements in these outcomes may not be achieved
through electronic symptom monitoring. Additionally, the
interpretation of increased hospital admissions or emer-
gency visits is challenging, as early detection of aggre-
gated or progressive symptoms through electronic
symptom monitoring could lead to either an increase or
decrease in hospital admissions or emergency Vvisits,
depending on whether symptoms can be managed with-
out professional medical intervention.

Quality of evidence

All the randomized controlled trials included in our analy-
sis were judged to have an overall unclear risk of bias due
to potential deviations from the intended intervention.
Blinding is commonly considered a method to mitigate
the Hawthorne effect in clinical trials, which refers to a
change in behavior in response to observation and assess-
ment.>® If unblinding in electronic symptom monitoring
were to lead to a Hawthorne effect prompting patients to
make greater efforts to improve their quality of life, the
objective of palliative care would be further advanced.
Therefore, the impact of the lack of blinding of partici-
pants may be minimal in studies relating to home-based
palliative care. Additionally, given the complex disease
conditions of palliative care patients, it is expected that a
significant number of participants may be lost to follow-
up. However, such loss to follow-up is likely due to the
progression of the disease rather than flaws in the study
design. Despite potential limitations, we acknowledge the
reliability of the results from these randomized controlled
trials, although a reduction in statistical power may occur
due to the smaller sample size. Overall, we recognize the
valuable supportive evidence provided by these rand-
omized controlled trials in the context of this review.
Non-randomized studies, particularly single-arm feasi-
bility studies, may pose a high risk of bias inherent to their
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design. Nonetheless, their initial findings can aid in identi-
fying potential trends in conclusions and pinpoint areas
for future research.

Strength and limitations

This is the first systematic review to comprehensively
evaluate the effect of electronic symptom monitoring on
home-based palliative patients. The review focuses on
studies reported in English, following an exhaustive search
methodology to ensure transparency and replicability.
The meticulous screening process identified all relevant
English-language studies, enabling the synthesis of avail-
able evidence.

While this review aims to draw broad conclusions by
synthesizing various studies involving different electronic
symptom monitoring systems and patients with life-
threatening illnesses in home-based palliative care, it
acknowledges limitations. According to limited and con-
tradictory evidence, we could not be more conclusive for
our readers about survival, hospital admissions, length of
hospital stays, emergency visits, and adverse events.
However, as these outcomes are not the primary aim of
palliative care, we did not consider that it would alter our
overall conclusions. Then, challenges arose from the var-
ied use of indices or scales across studies, impeding the
synthesis of outcomes and the performance of a quantita-
tive meta-analysis. To tackle this issue, the study utilized
the narrative synthesis method in conjunction with the
SWiM reporting guideline to summarize the results and
reach the most comprehensive conclusion possible.

Implications for future research

Given the limited number of studies in this emerging field,
we propose that future research focus on the following
areas. Firstly, there is a need for more high-quality rand-
omized controlled trials or large-scale real-world studies
to enhance our understanding of the effectiveness of
electronic symptom monitoring systems across short-,
medium-, and long-term care durations. Secondly, further
investigations should consider patients with severe or life-
threatening non-cancer conditions such as end-stage
heart failure, liver failure, kidney failure, chronic obstruc-
tive pulmonary disease, stroke, dementia, Parkinson’s dis-
ease, among others. Thirdly, while some studies have
emphasized improvements in specific patient-reported
outcomes, the significance of the overall quality of life in
palliative care has been overlooked. We recommend the
use of patient-reported outcome measures such as the
EORTC Core Quality of Life Questionnaire and the 36-item
Short Form Health Survey for a comprehensive evaluation
of patients’ overall quality of life.>”

Implications for future practice

Electronic symptom monitoring systems have the poten-
tial to improve patients’ quality of life, physical function,
and emotional well-being, while also alleviating symp-
toms. However, further trials are required to draw defini-
tive conclusions. It is advisable to incorporate electronic
symptom monitoring systems into home-based palliative
care only when they are accessible, feasible, and, most
importantly, acceptable to patients. Given the limited, at
times inconsistent, and low-certainty evidence available,
a cautious interpretation of results and a meticulous
implementation of the electronic symptom monitoring
system are essential. Especially in situations where the
additional benefits of electronic symptom monitoring are
uncertain, ensuring patient willingness and satisfaction
with its utilization is crucial. The decision whether to
adopt the system or not should always prioritize the core
principle of palliative care, which is to enhance the quality
of life for patients.

Conclusion

Implementing electronic symptom monitoring in home-
based palliative care shows promise for addressing medi-
cal resource scarcity. This review indicates that electronic
symptom monitoring can improve patients-reported out-
comes and have the potential to reduce hospital visits and
costs, aiding decision-making for patients and caregivers
to make patients more comfortable during the palliative
care. However, heterogeneity and varied electronic symp-
tom monitoring systems in current studies introduce
inconsistencies and hinder comparability. Further, high-
quality research in this field is lacking. To bridge this gap,
future studies should incorporate standardized follow-up
periods or internationally recognized evaluation scales,
enhancing comprehension of electronic symptom moni-
toring benefits in home-based palliative care.
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