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Abstract

Background: Medical robots are increasingly used for a variety of applications in healthcare. Robots have mainly been used to support
surgical procedures, and for a variety of assistive uses in dementia and elderly care. To date, there has been limited debate about the
potential opportunities and risks of robotics in other areas of palliative, supportive and end-of-life care.

Aim: The objective of this article is to examine the possible future impact of medical robotics on palliative, supportive care and end-
of-life care. Specifically, we will discuss the strengths, weaknesses, opportunities and threats (SWOT) of this technology.

Methods: A SWOT analysis to understand the strengths, weaknesses, opportunities and threats of robotic technology in palliative
and supportive care.

Results: The opportunities of robotics in palliative, supportive and end-of-life care include a number of assistive, therapeutic, social
and educational uses. However, there are a number of technical, societal, economic and ethical factors which need to be considered
to ensure meaningful use of this technology in palliative care.

Conclusion: Robotics could have a number of potential applications in palliative, supportive and end-of-life care. Future work should
evaluate the health-related, economic, societal and ethical implications of using this technology. There is a need for collaborative
research to establish use-cases and inform policy, to ensure the appropriate use (or non-use) of robots for people with serious illness.
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What is already known about the topic?

e Medical robots have mainly been used to support surgical procedures and for a variety of assistive uses in dementia and
elderly care.

e There has been limited debate about the potential opportunities and risks of robotics in other areas of palliative, sup-
portive and end-of-life care.

What this paper adds?

e The potential opportunities of robotics in palliative, supportive and end-of-life care include a number of assistive, thera-
peutic, social and educational uses.

e There is concern that robots will exacerbate healthcare inequalities, disrupt the workforce and reduce face-to-face
human interaction.
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Implications for practice, theory or policy

in palliative, supportive and end-of-life care.

use of robots for people with serious illness.

e Future work should evaluate the health-related, economic, societal and ethical implications of using robotic technology

e There is a need for collaborative research to establish use-cases and policy recommendations to guide the appropriate

Background

A robot is ‘a reprogrammable, multi-functional manipula-
tor designed to move materials, parts, tools, or other spe-
cialised devices through various programmed motions for
the performance of a variety of tasks’.! Medical robots are
increasingly used for a variety of applications in clinical
medicinel™ such as laparoscopic surgery,” surgical train-
ing,®” rehabilitation®® and assistive personal care.1011
Furthermore, robots have been used for non-patient-ori-
entated purposes, such as medical cleaning, automated
medication delivery and transport of equipment.112
Robots have also been used for a variety of assistive uses
in dementia and elderly care!3-1¢; however, to date, there
is limited debate about the potential opportunities and
risks of robotics specifically related to palliative, support-
ive and end-of-life care.'318 The global need for palliative
care is increasing,’® more purposeful use of healthcare
robots has been proposed as solution for health services
to meet the needs of an increasingly frail population.20
Consequently, it is essential to evaluate the benefits and
risks of the development and use of robotics in this area,
to ensure future policy is informed by evidence.

Aim
This article examines the possible future impacts of medical
robotics within palliative, supportive and end-of-life care.

Specifically, we will discuss the strengths, weaknesses,
opportunities and threats (SWOT) of this technology.

Method

A SWOT analysis was undertaken to understand the
strengths, weaknesses, opportunities and threats of
robotic technology in palliative, supportive and end-of-life
care. A SWOT approach was chosen for its ability to pro-
vide a wide narrative overview of the subject. A system-
atic review was not considered for the following reasons.
First, there are relatively few published papers specifically
about the use of robots in palliative and end-of-life care.
Second, there is great heterogeneity in the published
work about healthcare robotics, involving different study
designs and outcome measures (e.g. social vs assistive
robotics). Therefore, most meaningful analyses will likely
be derived from narrow systematic reviews, which focus
on specific applications of robotics in palliative care. We
therefore chose the SWOT approach to provide an over-
view of robotics in this area. This will support the conduct

of focused systematic reviews to further explore the areas
identified by this SWOT analysis.

SWOT development

Potential applications of robots in palliative care were
imagined through discussion and debate, through meet-
ings between computer scientists (T.R.P. and B.S.), a pallia-
tive care researcher (S.M.) and a clinician in palliative care
(A.C.N.). A protocol was developed to explore the capa-
bilities of a robot to exhibit human emotional responses
(see supplementary files). The robot was developed (by
B.S. and T.R.P.) and was presented (by A.C.N.) at a series of
events which aimed to imagine the future of healthcare.
The opportunities and risks of using robots to support pal-
liative care patients and their families, and the delivery of
services were discussed. These events were

1. A public engagement debate with a multi-profes-
sional audience including computer scientists, aca-
demics, clinicians, social scientists, ethicists and
members of the public (University of Liverpool).
Data were generated via a group discussion where
feedback was recorded via flip chart paper.

2. A computer science seminar attended by com-
puter scientists, data experts and healthcare pro-
fessionals (University of Liverpool). Data were
generated via a group discussion where feedback
was recorded via flip chart paper.

3. An oral presentation at a dedicated robotics ses-
sion at an international palliative care conference
(the Association for Palliative Medicine (APM)
Annual Supportive & Palliative Care (ASP) confer-
ence, Belfast, 201721). Following the session, writ-
ten feedback was recorded to summarise the
guestions, discussion and debate.

Data from these events were collated and categorised
into the themes of strengths, weaknesses, opportunities and
threats. The SWOT was further informed by a round table
discussion at the Winter Forum of the Palliative Care Institute
Liverpool, University of Liverpool. This is a multi-professional
meeting involving researchers, healthcare professionals and
public representatives. Forum attendees (approximately 50)
were invited to participate in the round table discussion. A
modified world café method?? was used to answer the ques-
tion ‘what are the strengths, weaknesses, opportunities and
threats of robotic technology in palliative care?’ The proce-
dure involved three 20-min rounds of conversation for
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rotating small groups seated around a table. A facilitator
(A.C.N.) promoted discussion through open questions and a
scribe (T.McG.) collected written notes. The brief was to dis-
cuss their opinions of the (1) strengths, (2) weaknesses, (3)
opportunities and (4) threats of robotic technology in pallia-
tive care. In total, 15 individuals (5 lay representatives, 5 clini-
cians, 3 researchers and 2 nurses) voluntarily participated in
the round table discussion. After completion of the group
discussion, individuals were invited to share their insights
with the rest of the forum attendees.

Results

A summary of the SWOT analysis is presented in Table 1.

Strengths of robotic technology

Robots can work automatically without human interference,
meaning they can undertake time-saving tasks.23 They are
useful in environments that are hazardous for humans (e.g.
ionising radiation or airborne diseases).2* Furthermore, a
robot can be standardised to ensure consistent, error-free
performance, which is not affected by anxiety, fatigue and
hunger.! Some individuals may prefer robot interactions for
certain procedures, for example, for convenience (e.g. blood
pressure monitoring) or to maintain privacy or avoid embar-
rassment (e.g. personal care). A robot does not require
lengthy training or educational interventions which are nec-
essary for human workers. For example, robots have the
potential to rapidly incorporate software updates to improve
performance based on best evidence, whereas for human
workforces, adoption of new systems or changing practice is
comparatively more challenging. Furthermore, continued
technological developments will create further opportuni-
ties to integrate robotics in healthcare, for example, improve-
ments in battery storage capacity, graphene,?>26 quantum
computing,?’ fifth-generation (5G) Internet,?® artificial intel-
ligence (Al)2 and Internet of things (loT) technology.3°

Opportunities in palliative care

A general opportunity presented by robotics is to increase
the choice and access of healthcare for patients.!t
Furthermore, current evidence suggests robotics can sup-
port a number of communication and assistive uses for the
elderly. Such uses include applications for supporting mobil-
ity, 31734 activities of daily living,1132-40 physical activity track-
ing/monitoring,3**! medication management,374042 and to
support (and monitor) nutrition and hydration.324943 For
healthcare professionals, robots may improve the efficiency
(and safety) of manual handling** and cleaning proce-
dures.244> Robots can potentially support pharmacy pro-
cesses by improving efficiency of medication dispensing.4246

Therapeutic uses for robots include the potential to
improve mobility following spinal procedures*’#¢ and to
improve limb rehabilitation following stroke.*® Minimally

invasive robotic surgical procedures®-33 combined with
nanorobotics (robots at the scale of a nanometre (102 m))
offers the potential to improve care for patients through
nano-procedures (medical and surgical) which do not cur-
rently exist.>*>> Robots can potentially provide compan-
ionship in advanced illness. For example, elderly patients
with dementia have been shown to gain therapeutic ben-
efit from using a robotic seal (Paro) as a social compan-
ion.>%57 Paro may also help older adults without cognitive
limitations%85%; however, those with severe mental impair-
ment are unlikely to benefit.50

Robots also have the potential to support educational
initiatives. For example, in Japan, robots have been used
to support health education programmes.5? Previous
studies have demonstrated that social robotics can bene-
fit language and social development in autistic children,%?
presenting an opportunity for robots to facilitate educa-
tion in wider society to promote better understanding of
palliative care. Robots also have the potential to support
palliative care training for healthcare professionals by cre-
ating immersive learning environments through the use
of virtual reality.®3 In addition, robots may enhance high-
fidelity patient simulation (HPS) by improving the func-
tional ability of the manikin to exhibit emotion, move and
respond to the learner.5

Weaknesses

Robots are expensive and require supporting infrastruc-
ture to function (e.g. Internet connection, power supply
and maintenance). Consequently, the technology is cur-
rently best suited to affluent healthcare organisations.
Issues regarding infection control currently limit the prac-
ticality of using robots in some healthcare environments.%5
Robots can only do tasks they are programmed to do;
therefore, they are suited for specific tasks but are less
useful for problem solving.2 Robots generally struggle
with fine motor activities which reduces their usefulness
for dextrous tasks like dressing, cooking and opening
doors.%6 Robots can perform repetitive tasks for long peri-
ods of time but do not get better with experience (unless
this is part of their programming). Robots are unable to
feel and express genuine emotion which may reduce
emotional connection and contribute to fear and dis-
trust.23867.68 The expectations and acceptance of robots
are likely to differ between patients, caregivers, designers
and policy makers. It is therefore important to determine
whether individuals want (and will accept) this technol-
ogy in their lives.43.44.69

Threats

Robots may widen inequalities in society, as certain indi-
viduals and organisations may have no access to this
technology. Furthermore, there is a risk that robots may
propagate unconscious bias. Evidence demonstrates
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Table 1. Strengths, weaknesses, opportunities and threats of robotic technology in palliative and supportive care.

Strengths Weakness
e Do not need salary. e Unable to feel and express genuine emotion and empathic
e Do not need food. response.
e Can do repetitive tasks consistently without making errors. e Limited dexterity (fine manipulation of objects is challenging).
e Automatic: Can be programmed to move without human e Expensive.
interference. e Requires highly skilled maintenance.
e Does not require training and education in the same way e Limited battery life.
humans do. e Robots have the ability to store, access and retrieve

e Strong and resilient.

e Can work quickly and are unaffected by factors which may
affect human performance (e.g. anxiety, hunger).

e QOvercomes ‘human error’ and poor decision making.

e Standardised performance.

e Opportunity for rapid adoption and improvements in
software based on best evidence.

e Consistent with current global priorities around robotics for
health.

e Improving technology (sensor-based technology, fifth-
generation (5G) Internet, Internet of Things (loT), Artificial
Intelligence (Al), Big Data).

e Some users may prefer robotic interactions for certain
tasks.

large amounts of data, but concern they may not be as
‘responsive’ or ‘adaptive’ as the human brain.

e Only effective for the job that they are programmed to do.

e They can perform repetitive tasks for longer periods of time,
but they do not get better with experience.

o Different expectations and acceptance of robots from
patients, caregivers, designers and policy makers.

e Lack of trust of robots.

Opportunities

Threats

General

e Greater choice and access to healthcare.

Assistive

To complement tasks delivered by human.

Service purposes for patients with serious illness.

Cleaning.

To support medication dispensing process.

Monitoring Activities of Daily Living (ADL).

To monitor physical activity (e.g. sedentary behaviour).

To log various postures, movements and activities.

To record emotional well-being.

To monitor daily routine and remind if anything missed.

Manual handling in clinical settings.

Provide care to remote communities or individuals.

May facilitate people to live in the residence of their choice

as they age (ageing in place).

e Monitoring and supporting nutrition and hydration.

Therapeutic

e Surgical procedures (including nanorobotics, nanosurgery
and targeted oncological therapy).

e Rehabilitation.

e Medication delivery systems.

e May allow more choice in care.

Social

e Companionship.

e Can foster autonomy.

Educational

e May help improve discussion of palliative care topics with
groups, particularly children.

e Can potentially help complement delivery of simulation
scenarios.

e Risk of anthropomorphising robotic interactions which could
confuse human—robot relationship.

e May result in unconscious bias due to the programming,
design and function of the robot.

e Fear that robots will be used to replace human interaction (e.g.
less contact with family caregivers and healthcare professionals).

® Inequality of access.

e Concern that human workforce may be replaced, leading to
job losses

e Concern that use of robots may reduce patient—clinician
contact and threaten the natural rapport and relationship
building between healthcare professionals and patients

e Investment into technological solutions at the expense of
community and societal programmes.

e Concern robots will worsen social isolation.

e Violence.

Ethical issues

Robustness and efficacy.

Safety and avoidance of harm.

Responsibility.

Unethical actions of robots.

Trust.

Moral agency.

Vulnerability and consent.

Deception.

Data privacy.

Data protection.

that the individuals involved in the development and
testing of data-driven technologies are generally small
and homogeneous; therefore, there is a risk that the

technology may not represent the needs of wider soci-
ety.”9 Consequently, robotic systems may have implicit
perceived social norms which may result in unintended
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consequences.’! It is feared that robots will replace
human contact and will cause job losses, leading to
decreased patient-contact with healthcare profession-
als, and increased social isolation of the elderly.67.68 Such
fears have resulted in violence against robots.” For pub-
lic health, there is concern that technological investment
will replace other societal initiatives.®® A number of ethi-
cal issues also need to be considered.’”3-7> These include
concerns about the robustness and efficacy of robots to
ensure human safety. It is important to determine
responsibility for robots and their software, (particularly
if the devices fail) to prevent breeches of data protection
and confidentiality. Furthermore, this raises questions of
whether robots should always follow the instruction of
their masters, even if the intended actions are unlawful
or harmful (e.g. facilitating use of illicit substances,
euthanasia, alcohol consumption, etc.). A robot that
chooses (or is programmed) to disobey its master for a
particular reason (e.g. to avoid harm) may lose the trust
of the operator. These issues emphasise the moral
agency of robots, particularly their use with vulnerable
individuals with serious illness. In addition, the use (or
continued use) of robots in those who lose capacity
needs further evaluation (to determine best interests)
and debate around other important questions such as
whether using robots as social companions (e.g. animal
substitutes in dementia) is deceptive. There is also an
increased threat to data privacy and protection as robots
are likely to access, record and generate a large amount
of personal data which could be used without the con-
sent of the individual.”®

Discussion

Main findings and new knowledge

This article discusses the potential strengths, weaknesses,
opportunities and threats (SWOT analysis) of robotic tech-
nology in palliative, supportive and end-of-life care. This
narrative overview highlights opportunities for the future
role of robotics in a variety of assistive, therapeutic, social
and educational uses in palliative, supportive and end-of-
life care. Identified threats highlighted by this article
include the risk of greater social inequalities, increased
social isolation, inherent unconscious bias, reduced
human contact, job losses and a deleterious impact on
public health.

How this work relates to current
developments

There is a lack of studies which specifically examine the
potential of robotics in palliative care; however, our dis-
cussion supports work from other disciplines that outline
the potential of robotics in healthcare. It is important to
note the political importance of healthcare robotics. For

example, China is ageing more rapidly than almost any
country in recent history.”” Currently, investment in
healthcare robots is a priority for the Chinese govern-
ment, who hope that robots will support economic
growth.”® Although population ageing is a global chal-
lenge, it is important to acknowledge that China’s experi-
ence may not translate to other areas due to cultural,
infrastructural and political differences. A notable theme
throughout this article is the association between robot-
ics and public health. There is concern that robotics will
exacerbate health inequalities, disrupt the workforce and
reduce face-to-face human interaction. Our discussion
highlights the importance of evaluating the health-
related, economic, societal and ethical implications of
using technology in palliative, supportive and end-of-life
care. Future forecasting needs to consider how robots will
interface with other related disciplines, such as architec-
ture, transportation and public services.

Limitations

There are a number of limitations of this analysis. First, a
SWOT analysis is limited by a degree of subjectivity and a
lack of ability to clearly forecast the future. This SWOT
analysis does not include non-English articles. Because
China drives much of the innovation in healthcare robot-
ics, it is likely that relevant data were excluded from this
article. This analysis is not a systematic review; therefore,
it is possible that important data were not included. We
are unable to provide conclusions about the usefulness,
efficacy or effectiveness of a robot in palliative, support-
ive and end-of-life care.

Future opportunities and research

possibilities

This article provides a foundation for future systematic
reviews to study specific areas arising from this SWOT
analysis. Future research should identify use-cases (a list of
actions or event steps typically defining the interactions
between a role and a system, in order to achieve a goal”®)
for robots in palliative care. Broadly, these relate to assis-
tive, therapeutic, social and education purposes. Research
should evaluate how human factors (e.g. culture, gender
and age) can influence perception, acceptance and use of
robotic systems. Studies can explore opportunities to use
Big Data and Artificial Intelligence in combination with
robotic systems in palliative care.’® As a priority, research-
ers should evaluate the long-term public health, societal,
ethical and economic implications of this technology.

Conclusion

Robotics may have a number of potential applications in
palliative, supportive and end-of-life care. It is imperative
that future work evaluates the health-related, economic,
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societal and ethical implications of using this technology.
There is a need for collaborative research to establish use-
cases and inform policy to ensure appropriate use of
robotics for people with serious illness.
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