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Executive Summary

This project envisions the future of telemonitoring for peri-operative care.
Through an extensive literature research and further expert and context
exploration, a design strategy is created, as a starting point for the deve-
lopment of new services and technologies in healthcare around surgical
environments. The design process, with a strong focus on analysis, gui-
ded the development of the project. This allowed the creation of a future
vision that considers the findings from the literature, user and trend
research and gives a direction to the current state. Within the creation of
a future vision, different scenarios are detailed, to give a more detailed
idea of how peri-operative care would be. In addition, some recommen-
dations and future steps are presented, to facilitate the achievement of
these future scenarios by providing the stakeholders involved with some
tools to assess the viability of implementation and inclusion in planning.
Finally, the project includes a call to action to develop technologies and
services that enables the extension of care to the home context, the em-
powerment of patients to have a conscious and active role in maintaining
and seeking their wellbeing, the reduction in the burdensome tasks of
healthcare staff and an improvement in the nurse-patient relationship.
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General Structure

This document walks the reader through the design process of a future vision
for telemonitoring services around peri-operative care. Its structure is based

on the stages of the design process. We start with part A, which includes an
overview of the context of the project, the stakeholders involved, the initial
assignment and the design method, which guided the objective and process
of the project. This part also contains the literature research performed to get

a better understanding of the background. Part B presents the user and expert
research, with the corresponding conclusions, which provided the insights
necessary to guide the design process in a later stage. It also comprehends

the trend research that serves as inspiration for the design outcomes, such as
the future vision. Part C is the conceptualization stage, starting with the future
vision. Then this vision is detailed and some examples of situations around the
concept implementation, are presented, to explain more in-depth how would
telemonitoring services for peri-operative care be in the future. Afterwards, part
D includes some final recommendations and reflections around the implemen-
tation of the design outcomes and overall advice regarding the implementation
of technology within surgical contexts in the future. This is followed by a con-
clusion and reflection of the project and the design process in part E. The final
part (part F) includes the references.
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Discover & Analyze

The first part of this master thesis presents the reasoning behind this assig-
nment and the exploration of the context. It introduces the framework and
gives an overview of the current situation around telemonitoring services for
major gastrointestinal surgeries. This part also includes the stakeholders in-
volved and their motivation for the graduation project. It presents the design
approach and process followed for this project. Finally, it goes in-depth with
the exploration of the context starting with literature research on the context
of gastrointestinal surgeries, possible complications and its prediction and
monitoring. And second, presenting a scoping review using two databases
and other impactful resources regarding telemonitoring strategies in surgical
contexts. The aim of this review was to know more about telemonitoring
around surgeries, mainly about challenges, opportunities, strategies and
learnings from already existing (or proposed) services.
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Introduction

1.1 Major gastrointestinal surgeries

Major gastrointestinal surgeries are complex in-
terventions that comprise the digestive systems,
for example, the intestinal tract (Hall, 2019; Stra-
atman et al. 2016). These procedures are perfor-
med for different reasons, being classified mainly
into two. First for oncology-related patients for
diagnosis or treatment; and second due to di-
verse gastrointestinal pathologies, for example,
severe bowel inflammation. For clarification to
the reader, the term “gastrointestinal surgeries”
will be used to refer to major gastrointestinal
surgeries in this document.

Every year over 20,000 gastrointestinal surgeries
are performed in the Netherlands (CBS, 2014).
This can be a very complex process (the patient
jouney is seen in Figure 1) that comprises patients

Pre-operative

with delicate health status (Balentine et al.,
2016; Hughes et al., 2015; Orcutt et al., 2012).
Consequently, it requires the involvement of di-
fferent healthcare specialists, such as physicians;
typically, gastroenterologists (MDL-arts) and or
oncologists, depending on the reasons for the
intervention and the type of patient; a surgeon
(maagdarmchirurgen), physicians’ assistant and
nurses whose roles range from endoscopy to re-
covery (Catharina, n.d; St. Antonius Ziekenhuis,
2021; LUMC, 2016).

In addition, this intervention starts some days be-
fore the surgery. During this time the patient and
the team prepare for the procedure to ensure it
is performed under the most adequate condi-
tions. This is the peri-operative period (pre-,

post-, and during surgery) and it is a critical one,
as most of the clinical events take place at this
stage (Balentine et al., 2016). Around 20% of the
patients who undergo this surgery have compli-
cations after the procedure, which might lead to
death if not treated accordingly (Straatman et al.,
2014; Straatman et al., 2016). As a result, health-
care specialists dedicate a considerable amount
of time for adequate monitoring of patients
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during this phase, to prevent risks and ensure
patients’ recovery. However, the effort for effi-
ciency among hospital dynamics and the im-
plementation of rapid-recovery have promoted
faster discharge of patients, which in turn redu-
ces the time between healthcare professionals
and patients and the opportunity for detection of
early complications at the hospital (Van Der Meijj
etal, 2018).

1.2 The Peri-operative box project

To improve peri-operative care different telemo-
nitoring strategies have been proposed, which
allow tracking patients’ health conditions even
when they are not in the healthcare facilities. This
ensures that the patent’s physiological variables
can be obtained prior to the surgery to assess if
they are in the optimal values and use them as a
basis for overseeing patients in the post-opera-
tive period. Moreover, patients can be dischar-
ged earlier as their monitoring service can be
extended to their homes. These services have
been proven to provide positive outcomes not
only for patients (Baniasadi et al., 2020; Mehta,
2020:; Shah et al., 2021), but also for healthcare
institutions, given an improvement in resource
allocation (Viers et al., 2017; Forbes, 2018).

Condition Care plan Care plan Surgery

assessment  definition agreement scheduling

Figure 1. Patient jouney for gastrointestinal surgeries.

Hospital Preparation Surgical Carein
admission for surgical procedure recovery
procedure room

(at hospital)

Post-ope- Discharge Recovery Follow-up
rative care from hos- at home on clinical
at hospital pital outcomes

These strategies are supported by the current
growth in the eHealth field. With the creation of
the National eHealth Living Lab (NelL) a colla-
borative community was established, where
researchers interested in these topics can have
further conversations and support technologi-
cal developments. This institute has boosted
different projects by providing means where
experts can interact to design scientifically based
eHealth applications and study the possibility of
upscaling these innovations in the Netherlands
and international environments.

The peri-operative box project appears around
this context. This is a service in which a box,
with self-monitoring devices, is provided to the
patients so that they can track their physiological
variables before and after the surgery. The data is
collected and analyzed so that timely responses
and actions can be performed to avoid compli-
cations and improve patient’s recovery. In this
case, different actors are also involved, as now,
care for the patient does not stop when they are
discharged, but the specialists check the data
and in case of an emergency or signs of secon-
dary effects from the surgery the patient would
be called back to the hospital.

13
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This project is part of a broader concept already
implemented in the Leiden University Medical
Center (LUMC). “The box project” started as an
opportunity for extended care of patients with
heart-related problems (Hart Long Centrum
Leiden, 2019) This way, the patients could be
monitored outside the clinical setting, and more
informed decisions could be taken regarding the
treatment. This project was then translated to a
very diverse set of clinical settings. For example,
the “Kidney Transplant box”, the “Pregnancy box'
for patients diagnosed with high blood pressure;
the “ImmunoBox” for cancer patients who recei-
ve immunotherapy infusion; the “DiabetesBox”;
recently the “CovidBox”; among others. Each of
these services seek to provide telemonitoring for
patients, but they need to be individually evalua-
ted, as they are under different contexts.

U

Even though this service brings many benefits
for all the stakeholders involved, there are still
some considerations that make certain health-
care givers unwilling to adopt it. This is mainly
due to the changes that this technology brings
to their current work logistics (Das et al., 2015;
Harsha et al., 2019; Sanger et al., 2016), the
increment on their current workload, due to the
lack of planning or the underestimation of tasks
and their time (Das et al., 2015: Makhni et al.,
2020; Parkes et al., 2019); the lack of techno-
logical knowledge or skills necessary for their
implementation (Brophy, 2017; Das et al., 2015;
Davoody & Hagglund, 2016; Parkes et al., 2019;
Sousa etal., 2016; Timmerman et al., 2017), the
uncertainties related to the reimbursement poli-
cies (Brophy, 2017; Ke et al., 2019; Semple et al.,
2019), among others.

1.3 The stakeholders involved

This project involves three main stakeholders: the
healthcare institution where the telemonitoring
service is offered (LUMC), the provider of the
medical devices that will support telemonitoring
(Philips), and the facilitator between them (TU
Delft University).

First, the Leiden University Medical Center
(LUMC), where the surgical procedures are
performed. This institution is where patients from
different pathologies are diagnosed and treated.
Moreover, it is committed to research and seeks
to be a pioneer in developing solutions to health
issues. Their aim is to improve the use of their
resources and the conditions for their healthcare
staff by evaluating the current work dynamics.
Given their interest in research and innovation,
they are partners of the National eHealth Living
Lab (NeLLl), a collaborative community around
e-health developments, that brings together
users, public organizations, private institutions
and experts in these topics and offer a space for

co-creation and discussion about new healthcare
applications.

L Leiden University
C Medical Center

Second, the company Philips, which provides
monitoring devices for the patients. This com-
pany is a leader in health technology, who seeks
to improve people’s health and well-being
through meaningful innovation. The organization
has developed the Healthdot, a wearable sensor
that enables clinicians to look after and monitor
patients during peri-operative period at home.
Their main interest in the project is to find a suita-
ble business case for the Healthdot, that benefits
them and their clients.

PHILIPS

Finally, TU Delft university is part of the project as
itis an initiative and on-going research from the
Cardiolab from the faculty of industrial design.
This is one of the existing design labs which
seeks to explore how technology can support
the treatment, diagnosis, and daily life of patients
with cardiovascular diseases. Moreover, the
researcher is affiliated to this institution and will
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provide a service that allows the connection and
collaboration between the previous two actors.
The main goal of this actor is to establish and
build a relationship with the other stakeholder
involved, for future collaboration.

]
TUDelft

The Assignment

2.1 Initial brief

Nowadays online services and at home care
have been increasing given the developments
in technology and the recent pandemic that has
created the need for remote services and redu-
ced “in-person” interaction among people. With
these come the use of telemonitoring services,
where patients can be monitored without the
need of a physically present healthcare specia-
list. These changes can bring improvements

in the lives of people given the extension and
tailoring of care they offer. However, they bring
disruptions to current paradigms and behaviors
of people and organizations and raise questions
about ongoing dynamics in roles, activities,
privacy and even safety.

The impact of telemonitoring tools on patients
has been long studied as healthcare develop

ments need to prove their safety, outcomes and
bring benefits to them to be approved. Never-
theless, these studies don’t normally consider
specialists or the organizational changes or im-
plementation plans around these strategies. This
results in failed implementations, where the staff
do not benefit from them, but may even be bur-
densome and thus stop using them. As a result,
there is a need for studying these services from
the perspectives of healthcare specialists so that
they not only bring benefits to the patient and
clinical outcomes, but also presents an opportu-
nity to the healthcare specialists.

The aim of this project is to present a strategy for
the implementation of a new service for patient
telemonitoring around surgical contexts. This
strategy consists in the definition of a future

15
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vision on telemonitoring systems in peri-operati-
ve care and the way it impacts the different actors
involved, focusing on the healthcare staff pers-
pective, especially the nurse.

This exploration will hopefully bring new oppor-
tunities and strategies that can help understand

2.2 Design approach

The methodology for this project is based on the
Basic design cycle (Van Boeijen et al., 2014) and
the double diamond (Design Council, 2015). It
consists of 5 main stages: Discover & Analyze,
Define & Synthesize, Develop & validate and
Feasibility & viability (Figure 2).

Discover & Analyze

This stage focused on the user and context
research. The starting point for this project was
the analysis of the results from a literature review
regarding impact on healthcare staff of telemo-
nitoring strategies for surgical procedures. This
guided the interests of the author into possible
opportunities for improving these services and
some questions were obtained to be solved
employing user research. In this case, interviews
with experts on the topics were considered the
most suitable mean of understanding the cha-
llenges. In addition, a sensitizing booklet was
used to empathize and understand the context
from the healthcare staff's perspective. This is
part A of this document.

Define & Synthesize

After gathering information on the context for pe-
ri-operative care in telemonitoring services and
monitoring it was time to analyze and propose

a goal to the project. Insights were synthetized
and prioritized by means of a context mapping
analysis, using the “analysis on the wall” strategy
(Sanders et al., 2012). In addition, a trend analy-
sis was performed to get a full overview of the cu-
rrent context, its tendencies and developments.

and improve the telemonitoring services on their
first steps as common and viable solutions for
the extension of personalized care, starting by
their application in major gastrointestinal surge-
ries and the support of healthcare companies
like Philips and providers as the LUMC. The full
project brief can be found in Appendix I.

The results from these two activities were used as
the basis for the problem statement, the creation
of the future vision and the desired outcome.
This stage is presented as part B.

Develop & validate

With the problem brief, it was time to ideate on
how to approach it. Part D explains in detail this
conceptualization phase. Ideation sessions, led
by brainstorming, supported this stage by pro
viding possible solutions that help improve the
current challenges of telemonitoring services,
keeping the focus mainly on dynamics around
healthcare staff. To visualize the proposal, a
future vision was created. This was detailed with
the use of scenarios, that would help explain the
design outcome. Different iterations were done
to ensure that the result could contain the com-
plexity of the context without compromising its
understanding and have a balance between the
overall picture of telemonitoring and the details
around specific implementation aspects.

Feasibility & viability

The last stage aimed to present some recom-
mendations to successfully implement telemo-
nitoring services around surgical contexts that
might concern the stakeholders or researchers
interested in this field. This is also accompanied
by some reflection on the design outcome,
regarding its feasibility and viability for imple-
mentation. This is presented as part E within this
document.

Part A: Discover
& Analyze

Part B: Define
& Synthesize

Part C: Develop
& validate

Part D: Feasibili-
ty & viability

Figure 2. Design approach for the project.
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Perioperative box context
Stakeholders & interests
Gastrointestinal surgeries
Literature research

User research
Trend analysis

Future Vision
Scenario definition

Limitations
Recommendations
Conclusions
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Literature research

3.1 Complications around gastrointestinal surgeries

Surgical procedures can have side effects or
complications as they involve changes in the
current state of the body. Regarding gastroin-
testinal surgeries, there are minor and major
complications. Major complications can involve
different systems, for example, the respiratory
(pneumonia, reintubation, or dependency on
ventilator), cardiovascular (cardiac arrest requi-
ring CPR, myocardial infarction, venous throm-
boembolic event, stroke) or urinary (renal failure)
(Kelly et al., 2014). Also, deep wound infections,
sepsis or septic shock, intraabdominal abscess,
anastomotic leakage, or other events that involve
stay in Intensive Care Unit for more than 15 days
(Serensen et al., 2007). For minor complications,
there is urinary tract infection, postoperative
hypotension, superficial wound infection, among
others. These last ones can transform into major
complications if the appropriate care is not given
(Serensen et al., 2007).

Currently, up to 30% of the patients that are dis-
charged need readmission due to complications
(Hicks et al., 2015: LUMC, 2021: Martin et al.,

2011). The most common adverse events are
related to infection, such as pulmonary infection
(pneumonia), septic shock, wound infection,
anastomotic leakage among others (Jakobson et
al., 2014). For example, according to Al-Mazrou
etal., 2020 surgical site infections (SSls) is one
of the most common complications and reasons
for readmissions, after major gastrointestinal
surgeries. This can represent a clinical and
economic burden due to an increased length of
hospital stay and additional costs (Daneman et
al., 2010).

As aresult, there is a need for reducing the
appearance of complications that lead to hospi-
tal readmission and increase in the length of stay
of patients and thus, in the use of physical and
human resources. Constant monitoring of pa-
tients allows to keep a closer look at the patient’s
recovery and provide prompt action and feed-
back to avoid further decline in the health con-
dition. However, once patients are discharged
from the hospital, healthcare staff loses contact,
and they cannot keep track of the state.

Telemonitoring appears as a possible answer to continuous monitoring by pro-

viding continuous care outside healthcare institutions, however, the dynamics
around it still need to be explored and defined.
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3.2 Measurements for patient monitoring

To understand telemonitoring, more in-depth
information was analyzed regarding the type of
information and data that is normally used for
monitoring patients. According to the literature,
the main source for surveillance are vital signs,
which include, blood pressure, respiratory rate,
temperature, among others (Figure 3) (Elliott &
Coventry, 2012). More physiological variables
can be measured depending on the condition
of the patient and its context (the type of inter-
vention or treatment, the disease or comorbidi-
ties, among others) (Shah & Hamilton, 2013). In
general, the most common variables measured
for monitoring patients after surgical procedures
are:

Refers to the heart rhythm (given by its contrac-
tion and relaxation) and provides information
on its performance. It can be measured on any
surface where an artery is present by the palpa-
ble rhythmic expansion on the skin.

Determines the pressure exerted by the blood
against the arterial wall and informs on the blood
flow and thus on cardiovascular activity. This is
normally measured by special devices that apply
pressure to the skin.

Informs about the number of breaths on a deter-
mined period of time. This serves for assessing
malfunctioning in the respiratory system. It can
be measured by different methods, for example,
by the movement of the chest or directly from
the heart rate.

This variable shows the quantity of oxygen in the
blood, which is normally obtained by a pulse
oximeter or light sensors. It indicates possible im-
pairments of circulatory or respiratory functions.

There are different types of temperature (the pa-
tient's core body temperature, the surface body
temperature and how the patient feels) (Elliott &
Coventry, 2012). All of them gives information of
the patient’s state, as during infection or triggers
to the immunology system can produce tem-
perature changes. It is normally measured by a
thermometer.

These variables are analyzed to determine the
condition of the patient and prevent possible
complications or certain clinical outcomes. Some
studies indicate that almost 70% of the patients
present respiratory deterioration eight hours
prior to a cardiac arrest (Schein et al., 1990) and
more than 50% show abnormalities on their vital
signs within six hours (Franklin & Mathew, 1994).

There are different risk predictions models that
help assess the measurements collected (Shah &
Hamilton, 2013). For example, the EuroSCORE
risk scoring system and the American Society of
Anesthetists (ASA) classification both of which fo-
cus on assessing the patient’s conditions before
surgery, to foresee the level of risk and take the
pertaining precautions and have a care plan ac-
cordingly. This report presents two strategies the
Enhanced Recovery After Surgery (ERAS) and the
Early warning Score (EWS) given its importance
on the healthcare context.

19
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Patient/family education

Pain management plan Limit
fasting

20

Figure 3. Example of a device's interface used for monitoring patients.

3.2.1 Enhanced Recovery After
Surgery (ERAS)

ERAS is a patient-centered pathway that com-
prises the peri-operative period. It considers
different factors from the moment the surgery

is decided for the patient until the patient is
discharge from the hospital and a new therapy or
follow-up is done (Figure 4). For the preoperative
stage, it establishes different criteria that help
assess if a patient is ready for surgery and what
could be some complications and the level of
risk, based on existing comorbidities, the type of
surgery and the physical condition and values of
physiological variables of the patient. During the
postoperative phase, it also helps to keep track
of the patient state to prevent possible compli-
cations and improve care. This is a method that
does not only considers the values of physiolo-
gical variables, but also other factors for better
planning of the care pathway, that result in the
reduction of possible adverse events during and
after surgery (Visioni et al., 2018).

3.2.2 Early Warning Score (EWS)

EWS is an evaluation of a patient’s condition, that
indicates possible clinical decline and the need
for intervention. This should accurately capture
the vital signs information, which comprises
multiple organ systems in a timely manner, to
have an overview of the patient state and be able
to act promptly if needed (Kramer et al., 2019).
This is part of a rapid response system (RRS) that
seeks the early recognition of at-risk patients and
prompt response of clinicians. Over time, there
have been modifications to this method, as a
response to false alarms and false negatives (fails
to indicate the presence of a condition). Most of
them are based on the same variables (heart rate,
blood pressure, respiratory rate, oxygen satura-
tion and temperature) (Table 1).

Analyze
and share
quality measu-
res, patient surveys,
and staff input to

celebrate successes and
identify opportunities
for improvement

ve phase

Prehabilitation of select

patients

Pre-hospi-
tal phase
Pre-

operati-
ve phase

Patient optimization

Initial multimodal

medications and/or

regional block place-

ment

Discharge planning,
education, and home
medication plan

Post- Intraopera- Mulimodal analgesia
Monitor for symptoms or Discharge, tive phas
changes in health phase ) Post- Complications while
operati-
ve phase surgery

Follow-up with healthca-
re specialist

Continue therapy
and activites as

Patient/family

education

Measurement and
regulation of phy-
siological varia-

bles
planned Management 2ary effects
Monitor physiological variables
Early nutrition, mobilization & multimo-
dal analgesia
Figure 4. ERAS guidelines.
Table 1. EWS protocol values (Doyle, 2018; NEWS, 2012).
Physiological 3 5 : o : 5 3
parameters
Respiration rgte <8 9.1 12-20 21-24 > 25
(breaths/min)
Oxygen saturation (%) <91 92-93 94-95 > 96 > 96
Suplemental oxygen Yes No
Temperature (°C) <35.0 351-36.0 36.1-380 38.1-39.0 > 39.1
Systolic BP (mmHG) <90 91-100 101-110 1M1-219 > 220
Heart Rate (beats/min) <40 41-50 51-90 91-110 111-130 > 131
Level of consciousness Alert CV/PU
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With the continuous advances in technology
and machine learning new algorithms have been
developed that incorporate multiple risk scores
(as the ones presented in a previous section) for
more accurate monitoring (Heller et al, 2020;

Ghosh et al., 2018). Moreover, customization is
now available where, based on the patient’s own
condition, new parameters can be set as thres-
holds to increase precision and prediction.

There is still room for improvement on these tools by incorporating already existing

data from patient’s electronic records or qualitative information reported by the

patient, including pain measurement, level of activity, among others.

3.3 Risk factors in gastrointestinal patients

For gastrointestinal surgeries, there are already
some factors that help assess the state of each
patient and prepare the care plan accordingly
to possible risks that the healthcare staff should
“keep an eye on”. The preoperative state is very
important, as poor conditions (abnormal respi-
ratory or heart rates) can precede postoperative
complications due to their effect on immunity
response or wound healing processes. Before
the surgical procedure patients undergo an
examination to find comorbidities or aspects that
have an impact on post-discharge infection. For
gastrointestinal surgeries common aspects are:

High values of these factors might represent
high-risk patients. Moreover, the characteristics
of the disease and of the procedure also influen-
ce the results. For example, longer and more
complex procedures have higher possibilities of
blood loss, re-operations or other complications.
On the other hand, shorter procedures can result
in shorter lengths of stay and consequently, there

is less time available for symptoms of compli-
cations manifest prior to leaving the hospital
(Daneman et al., 2010).

After the surgery, there are other elements that
should be considered. For example, the place
of residency might influence as the access to
care might be scarce in rural settings, which can
compromise the treatment. In addition, regar-
ding the vital signs previously mentioned, there
are certain values that are considered “standard”
and act as thresholds for assessing the patient’
state (Table 2).

These last values are often a topic of discussion
as they vary depending on the person and even
on the procedures. For example, some patients
might experience a postoperative hypermetabo-
lic state, that might lead to a tachycardic condi-
tion (Hamilton et al., 2003). This increases the
difficulty in keeping track of patients as not all the
values outside the established parameters repre-
sent an actual emergency. Moreover, signs can
be on the established values, but patients might
be already presenting some complications, for
example, the lack of fever in patients with a gas-
trointestinal leak (Hamilton et al., 2003).

This presents an opportunity for improving the parameter and variables for prompt

detection and prediction of adverse effects.
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Table 2. Usual vital signs values for patients after gastrointestinal surgeries (Kelly et al., 2014).

Risk Factors

Systolic BP (mmHG)

Heart Rate (beats/min)

Respiratory Rate
(breaths/min)

Temperature (°C)

Electrocardiogram

White blood cell count

Hemoglobin (mmol/I)

Lower Upper
threshold threshold

<10 >130
<50 >90
>20
<350 >38.0
Not sinus rythm
<4000 > 12000
<6.8 >10.2

3.4 About telemonitoring challenges

To understand more about the context, a sco-
ping review was performed regarding the impact
of telemonitoring strategies for surgical proce-
dures on healthcare staff's workflow. This review
was done using two databases (PubMed and
EMBASE) and three concepts were defined for
the search. These concepts were: Telemedici-
ne, Workflow and Surgery. Medical terms that
were considered as synonyms or related to the
concepts or commonly used within these cate-
gories were included as keywords. Articles were
selected based on two inclusion criteria. First,

if they presented telemonitoring strategies for
surgical contexts and second if they included the
healthcare staff perspective or mention measures
of impact on their workflow. Additional to this
search, some external sources were used, if they
included relevant authors and research regarding
the context of this project (telemonitoring, pe-
ri-operative care, healthcare staff’s workflow) or if

they presented examples or trials around telemo-
nitoring implementations and designs.

The findings from the research were clustered into
existing challenges that telemonitoring presents
to healthcare staff and strategies that have been
or are being used in existing services or that have
been proposed as a solution to the problems that
arose during the development and implementa-
tion of these tools. The conclusions on the main
telemonitoring challenges and strategies were de-
veloped by means of a mind map. Overall, 7 main
categories were identified for challenges (Figure
5), however, not all of them had a corresponding
strategy. This presented some unsolved problems
to further explore. For example, most of the issues
regarding time invested on tasks or the workload
they might bring to staff have not been addressed
and should be considered during the design of
telemonitoring tools.
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Figure 5 . Overview of the main telemonitoring challenges and strategies.

Having the main issues in mind, a more in-depth
analysis was performed with a similar strategy as
the one used in laddering for contextmapping
(Sanders & Stappers, 2012). By constantly asking
the questions “why” and “how”, relations among
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the challenges were established (the complete
analysis can be found in Appendix 2) This gave an
initial overview of the framework for the projec-
tand pointed out some key problems that could
be further explored later in the user research.

Challenges

Strategles
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For example, the activities and processes that
brought the most burden and convenience for
staff were:

This sometimes requires learning new habits, or
other stakeholders that might result in a disrup-
tion of their current workflow, delays on other
tasks and spending more time than planned

on these activities. These responses need to

be supported by the expertise of the person in
charge and need to be clearly communicated to
the patients and among healthcare staff (Nijland
etal., 2008). Figure 6 presents an overview of
this first challenge.

Data gathered by telemonitoring might not be
integrated with current systems, which results in
burdensome documentation. The involvement of
various actors, contributes to underestimating the
time spent on tasks due to delays. Telemonitoring
tools might offer only a glimpse of the patient’s
healthcare state, however given the high amount
of data, and its lacks of integration, healthcare
especialists can’t always perform exhaustively

or in detailed analysis (Nijland et al., 2008), and
when they do, these might require more time.
This situation is presented in Figure 7.

This can be seen in Figure 8 and it is one of the
main issues from telemonitoring as it leads to
alarm fatigue (Sanz-Segura et al., 2019). Spe-
cialists are alerted of the state of patients while
they are performing other activities, disrupting
their workflow. The level of disruption depends
on factors as its prioritization (the urgency of the
alarm), or the clarification of the alarm (how clear
is the clinical event and the actions required).
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This analysis also presented two overarching
issues that have a considerable impact on these
previous problems.

Planning can be a task performed only by the
managers at hospitals or external companies
developing services or devices to implement in
clinical settings. Without the input of nurses and
other specialists, crucial points can be omitted.
For example, current telemonitoring tools do not
always consider existing platforms or software at
hospitals and they introduce new ones. Conse-
quently, specialists need to manually incorporate
and analyze data from different sources, which
might lead to omitting data or confusion and
requires time for extra documentation.

Another example is the omission of on-going
collaboration and dynamics among staff. These
telemonitoring systems might propose interac-
tion of actors who do not have communication
channels among them, increasing the time
expend on tasks.

This is closely related to the previous point, as
not involving stakeholders makes it difficult to de-
fine standard procedures. Not having protocols
or clarity on them prevents some stakeholders
from acting, which increases their lack of motiva-
tion in being part of this process and adopting
the new measurements, which contributes to

the first point mentioned, providing a “negative
feedback” closing the loop (Figure 9). As someti-
mes there are no clear procedures, reimbur-
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sement policies can’t be defined, which makes
implementation of telemonitoring a challenge.
Moreover, the roles for staff are not clarified, and
two actors can be performing the same tasks,
without being aware of it. This can lead to confu-
sion on treatments and the state of patients. This
is also seen in activities, as specialists don’t ne-
cessarily are aware of the adequate procedures
to follow when a certain task arise, as responding
toanalarm.

3.5 About alarms

The analysis showed how logistics around alarms
have a considerable impact on staff’s workflow
during telemonitoring services. With this in
mind, specific focus was reserved on alarms to
understand the causes and effects around these
challenges. In healthcare, alerts are used to keep
track of the patient’s condition and the status

of the equipment used for the measurements
(includes malfunction, changes needed, among
others). According to Imhoff et al. (2009) there
are five main types of alerts, which respond to

a predefined hierarchy, given by the clinical
events:

1. Detection of life-threatening situa-

tions: represent patients’ conditions that can
lead to severe patient harm or death. For exam-
ple, asystole or apnea.

2. Detection of life-threatening device

malfunction: detect devices’ malfunctions or
conditions that can lead to severe patient harm
or death. Some can be when sensors or devi-
ces disconnect from the patient or from power

supply.

3. Detection of imminent danger:
related to patient’s conditions, which gradual
change might be indicative of imminent danger.
Here we find sudden and abrupt increments in
blood pressure.
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4. Detection of imminent device mal-

function: these alarms are device-related
problems that could result in malfunction We can
find low-battery or misposition of sensors.

5. Diagnostic alarms: characterized by
alarms that directly indicate a pathophysiological
condition and not an “out-of-range” variable.
Here we find when there is a septic shock.

One of the main issues regarding alarms is the
large amount, which produces negative impacts
on staff and might lead to desensitization (Kris-
tensen et al., 2016). As mentioned before, large
quantities of alarms can hinder healthcare staff's
work as it increases stress levels due to the
constant sound (Harsha et al., 2019; Richards et
al.,2020). This can end in alarm fatigue. Conse-
quently, some nurses do not always support or
are willing to accept new devices or telemoni-
toring strategies as they can bring inconvenient
changes to their routine. Some of these are
disruptions in their current tasks with one patient
due to an emergent alarm on another patient
(Das etal., 2015; Downey et al., 2018: Harsha et
al., 2019; Sanger et al., 2016). Also, the res-
ponse to these alerts might add more tasks for
the staff to analyze the patient’s information and
decide on how to improve their condition, which
can be time-consuming (Das et al., 2015; Leppla
etal., 2020; Sharifetal., 2020).

In addition, not all alerts represent real emergen-
cies in patients. They might have been triggered
by external factors or are not associated with

a major change in clinical outcome, but with
certain comorbidities of patients. Moreover,
they are pressured by patients and their com-
panions for timely responses to these alarms,
which also increases their stress and can worsen
their condition (AAMI, 2011: Ozcan et al., 2019).
These contribute to nurses being more reluctant
to implementing these tools and even end up
turning the sound off or not using the devices at
all (Harsha et al., 2019).

In general, false alarms are one of the most
common alerts and they can represent more than
50% of them (Konkani et al., 2012; Imhoffetal.,
2009). These can be caused by either inappro-

priate clinical values or relevance, or problems
on the device or algorithm. According to Imhoff
etal. (2009), we can identify:

1. Technically false alarms: a specific
variable is within the accepted values, but the
device identifies as it is not. For example, detec-
ting hypothermia because of a wet sensor but
the patient’s values are in the standard range.

2. Clinically false alarms: presented if a
certain variable is beyond the thresholds but has
no clinical relevance for the patient. In a patient
that suffers from arrythmias the device can alarm
with an increased heart rate, but this has no clini-
cal implication.

3. False alarms through interventions:
which are caused by medical or nursing inter-
ventions. During or after respiratory therapies,

is normal to have an increase in respiratory rate,
detected by the alarm.

These false alarms respond to the variability
seen in risk score assessments (section 3.2.1 and
3.2.2). Establishing more accurate parameters
that respond to the needs and conditions of
each patient will help with more precise forecas-
ting of risks, reducing false positives and avoi-
ding false negatives.

But not only healthcare staff is overburden by
these false alarms, as mentioned before, there
are not always guidelines regarding the actions
to respond to these alerts, which add workload
to know the correct steps to effectively respond
to an alarm. Also, it is not always evident whether
the notification requires immediate attention or
if the staff can first attend other tasks. For some
situations like alarms that represent life-threate-
ning situations, for example, a cardiac arrest, the
procedures are very clear among staff and they
know this require immediate actions. On the
other hand, the detection of imminent danger
or other conditions, that are not “life or death”,
might not be very clear, as they might involve
different expertise and knowledge to address
them. These kinds of alarms are the ones that the
staff tend to omit due to the high incidence of
false positives. With this in mind, it was decided

to narrow the scope of this project to a specific
set of alarms, those that do not re- present a
“life-or-death” situation for the patient and that
can wait for action.

This information is synthesized in a mindmap to
have an overview of the main challenges regar-
ding alarms in healthcare environments (Figure
10). This included the lack of integration with
current devices and software in the healthcare
institutions, which lead to large amounts of data
being processed by staff. This data can be pre-
sented at different moments, for example when
the patient is only starting to have values outside
the standard ones, but with no clinical meaning,

or when the patient is in a critical condition.
R —
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Moreover, it can come in different modalities
(raw data, filtered information, average value of
variables, or data processed to a certain degree)
that might produce extensive and time-consu-
ming analysis. All this data conduces to different
actions to correct the alerted event, which can
need large amounts of time and work and affect
more than one actor and task. Finally, there are
gaps between the reasons why an alarm system
is implemented and how it responds to health-
care staff's needs, as the hospital seeks for the
early diagnosis of complications, while this might
bring increments in the workload and alarm fati-
gue of nurses. In the end, these systems do not
satisfy the staff’s expectations and result in more
inconveniences.
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Figure 10. Overview of the alarm context.

3.6 Overall challenges

The data gathered was analyzed to determine
the main issues and the “roots” of the barriers for
incorporating telemonitoring strategies.

This would present possible directions on the
projects. In general, there are four main pillars
regarding the challenges that we can highlight.
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Figure 11 presents an overview of the main
issues that telemonitoring brings regarding data.
Telemonitoring systems need a broad variety of
information to have an accurate overview of the
patient’s status. To make more informed deci-
sions, more data is needed. This data can come
from multiple sources like medical devices, elec-
tronic health records, among others. In general,
it produces overabundance of data that someti-
mes represents “fragments” of the situation and
not the “whole picture”. This is also produced by
a lack of compatibility among these resources. In
the end, it can bring a high workload for heal-
thcare specialists due to the extensive analysis
and documentation it requires to understand the
condition of the patient and forecast possible
events. For example, the systems can present a

Lack of
integration

High analysis

value of a certain variable, like Heart rate is
150bpm, but no clinical outcomes come with
this and the healthcare specialists need to
explore all the context as there can be multiple
explanations for this value being outside the
“standard” thresholds defined. Moreover, this
data presents some challenges as when progra-
ming for early alerts to have timely interventions,
can produce false alerts given too sensitive
thresholds.

Finally, healthcare staff need to respond to
emergent notifications, and this can bring disrup-
tions to their current activities, leading to a high
mental workload. This is seen when they have

to decide which patient to attend first based on
their condition.

Burdensome
documentation

Overabundant

No overview Unclear meaning

Multiple sources
of data

Multiple
measurements
methods

Unclear
parameters

and thresholds

False alarms

Figure 11. Main problems regarding data analysis in telemonitoring services.

Given the high amount of data, the healthcare
staff is overburden with increasing workload.
Telemonitoring comes with a wide range of tasks
and activities that specialists need to fulfill. It can

also bring new responsibilities that are not always
included in the current state. This is due to the
lack of planning and inclusion of staff in the defi-
nition of these strategies (as presented in section

3.4 by the issue of “lack of inclusion of some
stakeholders during planning”). In addition,
dynamics around care at home are new and the-
re are no guidelines on how to monitor patients,
which lead to new tasks and need for training
and changing the current habits of specialists.

In the end, this can result in inefficiency, as roles,
actions and resources are not always clear or
they do not align with the needs and abilities of
specialists.

Finally, in section 3.4 it was found from the
literature research that there is a “lack of guide
lines” . But not only are the protocols regarding
the activities that come with telemonitoring not

Higher
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defined but also the time needed is not spe
cified or determined adequately. Even on some
occasions the time is underestimated as the ex-
perience level of staff with these technologies is
not considered and they might take longer while
learning. There can be emergent tasks, part of
their current workflow, that interrupt the activi-
ties. When continuing this previous task they
might need more time to remember where they
left and avoid making mistakes.

Figure 12 presents the summary of the main
challenges that telemonitoring services bring to
healthcare staff's tasks and workflow.

workload

Changein
current state

New habits

New tasks

Tasks

No guidelines/
standarization

Workflow
disruption

Understimation
of time

Figure 12. Overview of the main challenges for healthcare staff's tasks and workflow

Multiple actors are involved when monitoring
patients from gastrointestinal surgeries, given the
broad knowledge that is needed to analyze the
data and checking over the patients. As previous-
ly mentioned, patients from these surgeries can
come from a diverse set of causes, for example,
surgery being part of cancer treatment or for a
digestive disorder, as bowel syndrome. This

This translates into the involvement of actors

with different knowledge and backgrounds, that
might involve various departments within the
hospital. This can complicate communication,
make it difficult to coordinate patients’ care and
produce delays while waiting for the response of
actors. And, as mentioned in section 3.4 by the
issue of “lack of inclusion of some stakehol-



34

ders during planning” communication is not
efficient as the current interaction and relation
among actors and their perspective about them
is not considered.

Moreover, given the complexity of these proce-
dures, multiple roles are needed to respond to

Not grounded
in current state

the activities. In some cases, is not clear the tasks
and roles of the actors involved in certain proce-
dures, to the point that they might not be aware
of who is responsible on each stage. This results
in multiple actors doing the same task. These
issues are presented in Figure 13.

Inneficient
communication

Unclear Unclear
resources responsibilities
Stakeholders not
involved in planning
Actors
Broad expertise
needed
Diversity Multiple Different
of roles actions actors

Figure 13. The diversity of activities and actors involved presents challenges to telemonitoring services.

As previously seen telemonitoring context
involves many actors and users (the patients, the
clinicians, the developers, and data scientists).
Each of them have different needs and goals
regarding these services. Currently, there is a
lack of integration which is associated to the
lack of involvement of all the actors during its
development. This is one of the factors for the
inappropriate definition of alarms, as they don't
always respond to the reasons why healthcare
staff want them, but why the device developers
need them, as to comply with quality or regula-
tory standards.

The goal for these systems is also associated with
the way data is presented and the level of analy-
sis that is performed by these systems, whether
they should present the raw data, the variable
itself, or the clinical outcome that relates to these
values, including a more in depth analysis.

The differences in mindset is also dependent

of the context for the use of these systems, ifa
patient’s life depends on the outcome or if the
decision is taken by only relying on this data.
Additionally it changes with each user and their
experience on their roles (some specialists might
be more risk-taking than others) and with tech-
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nology itself (tech-savvy people are more prone
to adopt new technologies). The overview is

shown in Figure 14.

Misaligned
goals

Context- Experience-
based based

Different Impact on
patients patients’s
conditions life

Technology Professional
experience experience

Figure 14. Mindset as a challenge for telemonitoring services.

Telemonitoring is a useful tool for extending care for major gastrointestinal surgeries.
However, current services are not yet prepared for its adoption. The main barriers are
the overabundance and lack of integration of data, that don't present an overview of pa-

tient’s state. The lack of integration is also seen in the actors involved, given the need for

a diverse range of specialties and knowledge. Overall, there is a lack of standardization

and guidelines regarding procedures and a lack of involvement of stakeholders, whose
goals are not always the driving forces for these services.
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This part consists of two stages. The first one consists of the user research,
guided by the results from the literature. This included expert talks with data
scientists, healthcare staff, data and smart system designers and professionals
around alarms and implementation in healthcare. These talks corroborated
the findings from the literature research and presented new information and
perspectives about telemonitoring challenges. The second stage is the trend
research, performed to conclude the research phase and guide the design
process from the current state to the future outlook. This analysis is a base of
inspiration for the later steps of conceptualization as it brings the possibility
to foresee the future based on existing facts and directions in the different
fields.
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User research

4.1 Methods

To understand the current state and possibilities
it was time to approach users and experts on te-
lemonitoring services. As seen from the literature
review many problems arise due to misalign-
ments between new and existing dynamics. This
results in ineffective strategies that increase work
and prevents healthcare staff from using them.
Consequently, specialists were approached to
know more about how smart systems are imple-
mented, their performance in hospital settings
and general perspectives around them. Other
experts regarding smart devices, alarms, and
telemonitoring services were consulted as their
input can provide viewpoints for unexplored
directions and limitations or challenges to be
aware of in this context (Evans, 2011).

Overall, the main research question to address
was How to design a smart system for tele-
monitoring patients from gastrointestinal
surgeries that fit healthcare specialists’
needs and dynamics?

A set of subquestions were identified based on
the current problems and unknowns of moni-
toring systems (Table 3, Table 4) in the pre- and
post-operative period. The pre-operative phase

considered the proposal of the peri-operative
box project, while the post-operative stage
focuses on the current process for monitoring
and responding to notifications and alarms from
systems. These questions guided the creation of
a sensitizing booklet for nurses, to understand
more about their job, the tasks they need to fulfill
and the hospital context. Also, they guided the
creation of interview guides for the consultations
with experts so that these could provide insights
on reasons for the challenges seen in the litera-
ture review and possible solutions or strategies
already implemented.

As mentioned before, a sensitizing booklet was
designed for nurses involved in surgical environ-
ments, as an exercise of reflection on their routi-
nes and behavior. This booklet was designed to
provide information about their current routine,
patient monitoring (data gathering and analysis
for forecasting complications) and their thoughts
on alarm systems. The full Sensitizing Booklet
can be seen in Appendix 3. Snowballing and
opportunistic sampling approaches were used
to contact staff given the difficulty to get in touch
with nurses due to the control measures taken
for the sanitary emergency caused by the pan-

demic. These restrict the contact and access to
healthcare staff, who are already overloaded with
Covid-related tasks.

Moreover, interviews were planned to clarify
with experts on relevant topics for the research
question. In this case, experts on smart systems,
Al, telemonitoring tools, alarms and clinicians
were contacted via e-mail for an interview
session. As with the booklet, a snowballing and
opportunistic sampling approaches were used.
A semi-structured interview was used based on
the guides developed. These guides were cons-
tantly updated to consider the feedback and
preliminary findings from each conversation with
the experts. The different interview guides used
are presented in Appendix 4.

Once the information was collected from the
booklet and the interviews, a qualitative analysis
was done by means of a context mapping stra-
tegy, using “analysis on the wall” (Sanders et al,
2012). Interviews were transcribed and proces-
sed by selecting meaningful quotes and informa-
tion. This was done by listening to the recorded
files of the interviews and writing down the
highlighted data. A full transcription of the inter-
views was not done, as partly transcribing them
was sufficient to obtain interesting insights and
meaningful quotes. By doing this, raw data from
conversations can be transformed into meanin-
gful insights that can guide the design process
and be discussed by the different stakeholders.
The quotes were separated from personal inter-
pretations to facilitate the analysis, avoid biases
and imposing the interviewer’s viewpoint. Later
these quotes and data were interpreted and
sorted into themes. Within each theme different
categories were defined that help synthesize and
prioritize the information into insights.

4.2 The Participants

To contact healthcare specialists first the per-
sonal networks were explored. Later, external
sources were used like blogs, websites and ma
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gazines for nurses and nursing themes to contact
specialists via e-mail. Some of the personnel
contacted seemed reluctant to participate due to
their lack of interest in these topics or the impor-
tance for gastrointestinal surgical contexts.

“Complication rates are too low
at gastrointestinal department,
so we are not the right population
to approach to gain knowledge
on these issues”

However, others were very interested in partici-
pating in this study as they consider the results
from this project very relevant and that could
help improve their working dynamics.

“You chose a very interesting
subject”

“Of course | want to help you”

“The work you have done looked
very nice and helpful for future
studies and implementation of

E-health in peri-operative care”

Among them, some expressed their lack of time
for participation. This already gives an indication
of the high workload that healthcare staff have
and how time is very important for them.

“ ... it became impossible to see
or speak everyone”

“Although your research topic
likely matches with my experien-
ces, | don’t have any opportuni-
ties over the next few months ...”

In the end, four nurses filled the sensitizing
booklet, two of them through the online version,
and two of them had the booklet sent to their
houses. Their overall characteristics are included
in Table 5. The experts consulted in the inter-
views are summarized in Table 6.
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Table 3. User research questions based on the current problems and unknowns of monitoring systems in post-operative stage.
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Stage Pre-alert ! During alert Post-alert
| — a |
Post-operative period { \ B (=) = x = @ o E) 2 | o=
\ Ny = [\ N IR 7l
| = = — —— |
Doing other tasks Hear alarm Check notification Decide emergency Analyze all data Decide actions Consult on actions Implement actions Document Return to
| level \ previous task
Postpone tasks | Sound does Technical Too early VS Contradicting Not enough Wait for Uncorrectly | Burdensome Forget
| not indicate issues too late data or adequate response/ dohe by | previous
event knowledge approval patients ‘ task
|
Too complex Disruptive Inadequate Ignore alarm Too general Need for Tasks on Not available Prefer to be Errors on
algorithm | measurements parameters more data “pause” actors | with patients previous
@ | | task
@ @ Incomplete Alarming Fragments No overview No clinical “Trial-error” Unclarity on Fail to update
@ ' =® data | state/stress of data when based relevance based roles | information
J on 1variable decision
| |
Disrupting | Underconfidence Multiple “Overtasking” | Multiple
VS overconfidence devices/ platforms
Problems \ on alarms platforms |
| |
Too complex Unfamiliar
\ algorithms | with
| technology
| Feel trapped
‘ behind desk |
| Understimation |
| of tasks and time |
How is the current | How, what, when, Common compli- Prioritization? Data recorded? How? Guidelines? Actors involved? Guidelines? | Data reported? How to keep

Questions

routine?

Tasks? Likeliness? |

How long? Track
time?

How to monitor |
patients? How
long? How many?

how often?
Goal?

Perceptions?
(Disruptive?
Helpful? ..?)

Integration with
current routine?

cations?

Risk profile/
Information scores?
received?

Knowledge
How to recall needed?
patient’s informa-
tion?

False positives?

analyzed?

Input from
other sources?

How is data
integrated?

Skills/knowled-
ge needed?

False negati-

vime?

Who?

Information
needed?

How are roles
defined?

Who in charge?

VS data gathe- track?

red?
Workload?

Automatic?
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Table 4. User research questions based on the current problems and unknowns of monitoring systems in pre-operative stage.

Stage Pre-alert ' During alert Post-alert
Pre-operative period | _B @ ==
| =h v O O o
=== a0 A
Doing tasks | Check status Check data Consult on data Decide on surgery Adapt parameters
N _ e T
Postpone tasks False negatives Unnecessary Very complex Data only
| delay algorithm right before
oy%o . S e
Too complex | Overconfidence Feel “trapped
@ " @ algorithm | on data behind desk
Incomplete | Understimation
data of time spend
| on tasks
Problems . .
Disrupting |

- - - - - - - - - - - - - - |- - - - - _ _ - _ _

How is the current | How, what, when, Data recorded? Actors involved? Parameters? How? Guidelines?
@@@ routine? how often? analyzed? docu-
@ ' @ | mented? How are roles Who decides?
J Tasks? Likeliness? Prioritization? defined?
| How is data
How long? Track | Disruption? integrated?
time?
Questi | Skills needed
uestions How to monitor
patients? How
long? How many? |
Table 5. Characteristics of the participants for the sensitizing booklet.
Role/Job Location
Participant 1 Nurse in ICU Colombia
Participant 2 Nurse assistant Colombia
Participant 3 Nurse assistant Colombia
Participant 4 Senior nurse in acute care Colombia
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4.3 The Results

The information obtained from the expert talks
were sorted into themes based on the similarity
of the issues addressed. The themes previous-
ly presented as the outcome of the literature
research (section 3.5) were considered as the
initial point for this categorization, and further
sub-categories were defined to distinguish
among specific aspects of each main topic. The
results from this analysis (analysis on the wall) are
presented in the following sections. Appendix
5 includes a summary of the information gathe-
red from the expert talks based on some of the
themes from the literature review.
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Table 6. Experts consulted and research question addresed

Michael Hesemaans
Venture Lead Healthdot
Philips

Expertise

Part of the development team
of the Healthdot.

How does healthdot project
supports alerts for patient mo-
nitoring in hospital settings?
* Logistics/dynamics around
healthdot project
¢ Incorporation into hospital
setting

Saskia Bakker
Senior Data Designer
Philips

Expertise

Development of decision
support systems in healthcare
contexts.

How to design a clinical
decision making system that
forecast complications and fit
nurses’ needs within hospital
environments?
* What data is needed for
early forecasting?
* How to incorporate them
within the existing staff and
hospital dynamics?

Throughout the different expert talks, one

common topic was the importance of data for
clinical decision making. This was also seen in
the answers from the sensitizing booklets where
nurses expressed the importance of knowing
the patients’ conditions (like vital signs, mental
activity, physical ability) for assessing the state
and recovery. Around data, some things can be
highlighted. Figure 15 presents an overview of
the main findings with quotes.

1. The entire picture

For monitoring patients, vital signs seem to be
the main source of information used by specia-
lists.

Elif Ozcan
Alarm expert & sound design
TU Delft

Expertise

Director of the Critical Alarms
Lab (CAL), which aims to sha-
pe the future of product-user
interactions in complex envi-
ronments through audible,
visual and haptic information
design.

How to design an alert system
that forecast complications
and fit nurses’ needs within

hospital environments?
* What data is needed for
early forecasting?
* How to incorporate them
within the existing staff and
hospital dynamics?

Rosana Sanz Segura
Alarm expert
TU Delft,Universidad Zaragoza

Expertise

PhD candidate part of the
Critical Alarms Lab (CAL).
Her work presents a new
perspective on alarm systems
and nurses’s workflow around
them.

How to design an alert system
that forecast complications
and fit nurses’ needs within

hospital environments?
* What data is needed for
early forecasting?
* How to incorporate them
within the existing staffand
hospital dynamics?

However, they should not be presented or
analyzed as individual pieces of data as underl-
ying relations can be ignored. For example, an
increase in the heart rate might indicate tachy-
cardia, but if there is also a rise in the respiratory
rate it, could mean that the patient is doing an
activity, but no sign of complication.

Moreover, they should be complemented with
other variables, for example, questionnaires for
the patient about their perceptions of their con-

ditions or just to corroborate if the measurements

are accurate and are due to a physiological state
orif they are because of technical problems.

This last issue lead us to the second point.

Anne de Hond
Data scientist
LUMC

Expertise

Development of smart systems
by the implementation of Al in
healthcare contexts.

Research questions

How to design a clinical
decision making system that
forecast complications and fit
nurses’ needs within hospital
environments?
* What data is needed for
early forecasting?
* How to incorporate them
within the existing staff and
hospital dynamics?

Kim Brons
Project manager (The Box)
LUMC

Expertise

Leading projects regarding
telemonitoring strategies in
the LUMC. Especifically coor-
dinates box related initiatives
in the LUMC for extending

care to the “at-home” context.

Research questions

How is telemonitoring
implemented in current box
projects?

* How is current workflow?
* How is data managed?
* How was it integrated into
hospital?

Job Leenen
Project leader
Isala clinc

Expertise

Research on remote monito-
ring around surgical contexts
and experience in surgical
nursing.

How to design monitoring
systems for early detection of
clinical deterioration that fit
nurses’ needs within hospital
environments?

* What data is needed for
early forecasting?

* How to incorporate them
within the existing staff and
hospital dynamics?

2. Actionable events

Robert van Kooten
Surgeon
LUMC

Expertise

Part of the peri-operative box
project and experience in
surgical contexts.

How is the current healthcare
pathway for gastrointestinal
surgeries?

* What actors are involved?
* What are the steps?

* What are common compli-
cations and how can they be
forecasted?
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Leonardo Angulo
ICU Physician
Int. Hospital of Colombia (HIC)

Expertise

Experience in patient care,
monitoring and logistics in
Intensive care Units.

How is the current pathway for
monioring patients?

* What are common compli-
cations and how can they be
forecasted?

* What information is gathe-
red?

* How is data analyzed?

* What actors involved? What
are their roles?

Telemonitoring services come with an overabun-
dance of data, given the extended possibilities
of automatizing measurements and the desire to
make more informed decisions.

This data is also accompanied by alarms to keep
the staff informed on possible emergencies.
However, they are usually based on standard ca-
ses and “in-hospital” care and not necessarily for
the “at-home” situation and it is not always clear
what changes are needed, which parameters
and values indicate complications.

When hearing an alarm nurses immediately worry
about the patient’s state, as an alarm should pre-
sent a critical condition of the patient and lead to
an action or response. However, as mentioned

by alarm experts, “nurses surpass that func-
tion often” by having preventive alarms. These
preventive alarms indicate that healthcare staff
have an idea of how things should behave or what
to expect. Which relates to the third aspect.

3. Context

3.1 Know how it goes

Telemonitoring services come with an overabun-
dance of data, given the extended possibilities
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Figure 15. Main findings from expert talks regarding data topics.

Prioritize Alarm expert

of automatizing measurements and the desire to
make more informed decisions.

Healthcare staff already have an idea and expec-
tations of the clinical outcomes and progress of
the patients, so they are constantly looking at
data to see if they are at any point different from
these expectations or outside the “safe values”
or thresholds defined. These predictions are ba-
sed on the patient’s initial conditions or baselines
and the surgical procedure.

3.2 Explanation

The patient’s conditions and context are very
important, as is the reasoning behind certain
decisions from smart systems. For example, in
clinical decision support systems, the clinician
needs to know why the algorithm is indicating
that a certain patient might be having a compli-
cation. What was this decision based on? Which
parameters were outside the thresholds?

Nevertheless, is not always clear why the algori-
thm makes a decision. It can be too complex to
narrow it downto 1 or 2 parameters. Also, when
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giving these explanations, the specialists might
not have time to go through endless measure
ments or to corroborate every time the process
or reasoning behind decisions, so they need to
be very clear and relevant, which connects to the
last point.

4. Prioritize

With continuous measurements comes a lot of in-
formation and it can be overwhelming, especia-
lly to know what to look for, which are the main
variables that are causing distress in a patient. In
addition, more patients are monitored and there-
fore, it is necessary to know which patients need
urgent attention and which ones can wait.

Not only information needs to be prioritized, but
also the actions that the healthcare staff needs

to perform to respond to certain situations (like
possible emergencies). Protocols about what

to measure, how to act, when should a patient
be contacted, when should further examination
or “in-hospital” consultation be done, are not
clear. These questions lead us to the actions that
healthcare staff need to make.

The booklet gave an overview of the nurse’s
tasks and their schedule. It showed the diversity
in the nature of the different activities they need
to perform. These can range from checking on
the patient, the monitored variables and devices,
to administering different medications and even
discussing with specialists about the care plan of
patients. Experts also mentioned the importance
of the tasks and routines in the implementation
of new services, as changes (in habits, behaviors,
logistics) imply training and thus effort and time

that healthcare staff don’t really have or are

not willing to sacrifice. New developments are
accepted when staff is benefited from them, by
reducing burdensome tasks, like documenta-
tion, and increasing time on tasks they prefer, like
sharing time with patients. Figure 16 presents an
overview of the main findings regarding tasks
with its corresponding quotes from the expert
talks.
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Box project expert

“The biggest obstacles in implemen-

ting turn out to be the healthcare

professionals themselves ... these are

not trained to provide care to pa-

tients by means of e-health. The
health care providers will therefore
have to be retrained in its use.”

“If you see a patient and t
next day you see him again,
you see if he has improved .
or is getting worse, | think Patle nt
that’s something you see ... . .
you get the feeling is not mon ItOI‘I ng
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the patient is feeling is the
really important, you ta
with a patient, that gi

N he most important thing for
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4 times a day, in between those

where things can develop ... So-
metimes the measurements are
not that different, but in-between
there is happening a lot, so conti-
nuous measures would be good
on early detection”

Nurse  Surgeon

Figure 16. Main findings from expert talks about task theme.

1. Patient monitoring

In general, the main tasks for healthcare specia-
lists are around patient monitoring. To correctly
assess patient’s recovery, regular checks are vital.
Having continuous data can give information that
would not have been gathered with measure-
ments taken at certain times. As seen in Figure 17
if the patient was only monitored on the times-
lots indicated by the arrows, the clinicians will
not obtain information about the values outside
the thresholds that might be a sign for early
detection of complications.

arly detection is regular checks ...
Now the measurements are made

measurements there is a lot of time

“There is a protocol
...when at hospital
but no protocol for
patients outside of

hospital” @

N o) Clinicians

these para-

tion”

)

This continuous monitoring brings new tasks
and changes in workflow, which translates into
adopting new habits that might be a challenge
for healthcare staff.

One of these challenges is the reduction in the
interaction with patients once they are dischar-
ged from hospital. Nowadays, there is no con-
nection with patients, however, telemonitoring
strategies bring the possibility to keep in contact
with patients by means of data collection. It is
still a challenge for specialists when assessing
patients’ condition, when they are not at the hos-
pital but at home, as the “impression” that they
have when looking at a patient is key.

are not very

protoco|5 familiar with

meters in the
at home situa-

\/ ]

Data scientist

» HEART RATE o
Beais / Minute
High: 99
Avg: 67
Low: 59
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Figure 17. Example of continuous monitoring of vital signs that allow. Arrows indicate abnormal values and possible of adverse events.

2. No protocols

For data, there are no clear protocols around
what to gather or how to analyze it for the “at-ho-
me” situation. This is also valid for the actions of
healthcare staff, when should a nurse intervene,
when the doctor needs to provide support. Con-
sequently, assessing the patient’s state demands
time and effort to closely look at the information
provided by the system. This can be the patient’s
measurements, so that staff can have a clear
diagnosis and make an informed decision on the
treatment.

Additionally, the analysis of this data is not
standardized, especially regarding the accepted
thresholds for the measured variables at home
context. Given the newness and lack of informa-
tion on how a patient and its recovery process

should be like (the physiological and physi-

cal changes), the parameters that can give an
adequate overview of the patient’s condition are
not clear and need to be further studied. Con-
sequently, there are no protocols on risk assess-
ment or data analysis, leaving it to the personal
experience and knowledge of the healthcare.
This is time-consuming and also burdensome
due to the sense of responsibility they have on
providing the most adequate care to patients
and ensuring their safety, that without proper
guidelines, can be compromised. For example,
the nurse might miss the diagnosis of an adverse
effect because, in her experience and knowled-
ge, the patient presented the vital signs among
the standard values, thus representing a healthy
state.

The experts presented a broad list of stakehol-
ders involved within this context, ranging from
technical roles for the development of systems to
more clinical ones, specific to deliver patient’s

care. From the booklet, it was clear the relations-
hip between the nurse and the specialists, which
is seen as a hierarchical one, in which the nurse
get the knowledge and advice from the specia
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lists in order to act. On the other hand, patients
are seen more as someone they need to help
and interact with not only by providing and en-
suring care (medications, procedures, measure-
ments), but also by talking with them and having
a more personal connection when possible.

1. Multidisciplinar context

“Together with ... small project
group for defining a new box,
that’s essential if you want to work
for home monitoring on a new
department or patient group and
then we are making the care path
with all the people who are invol-
ved and then you decide who will
decide which patient gets a box,
who will hand over a box to the
patient, who will explain the box
to the patient, who will look at the
data”

- Project manager (The Box)

“we have to involve clinicians and
they have to involve us, it’s their
problem, their project, they are the
owner of the product that we are
developing”

When developing tools to assist patient care,
there is also a creation of teams that involve mul-
tiple stakeholders (Figure 18). These come from
a diverse range of disciplines given the need for
multiple areas of expertise as it requires medical
and technical knowledge for the creation of
tools that support specialist’s tasks. In addition,
the involvement of the users of these tools, like
patients and healthcare staff, is important to
understand their needs and the goals for these
interventions.

2. Roles and responsibilities

“The treatment decision are usua-
lly make by an entire team of mul-

tiple specialists”
-Surgeon

“Over the world, the multidiscipli-
nary meeting are becoming more

implemented and studied”
-Surgeon

Regarding gastrointestinal surgeries, they involve
different specialists that comply with a broad
range of tasks (Figure 19).

“The question always arises where

the responsibility of the patient lies

and where the responsibility of the
LUMC lies”

- Box project expert

In addition, the responsibilities of the different
actors change over time as each stage of the
process requires different expertise (Figure 20).
For example, at the beginning when the patient
is being diagnosed the specialist in charge is the
“leading specialist”, which could be the onco-
logist for patients with cancer or the gastroente-
rologist for gastrointestinal disorders, like bowel
syndrome. Later, during the surgery and the first
days after it, the surgeon takes the leading role,
and the nurse is now closer to the patient. Finally,
once the patient is discharged, the leading
specialist is again the main actor and the nurse
keep close contact with the patient in case of
readmissions.

Instructions & tools
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Solutions,
strategies

Clinical
information

Guidance
Data
Care
i
Needs
Patient _
Designers
Solutions
Data Guidance 1
Clinical
information .
Technical
Software & requirements
hardware
specialists ‘ Medical
requirements
Biomedical -
. IT specialists
engineers

Figure 18. Overview of the actors involved for development of systems and tools in healthcare contexts.
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Data Guidance
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Patient
Data Guidance
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External
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medicine
Gastroen- . .
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Figure 19. Actors involved in gastrointestinal surgeries.

Some of the experts expressed that when de-
veloping systems, the individual characteristics,
and ways of thinking, influence the perception of
them. Even with the limited number of responses
from the sensitizing booklet, it was clear how the
mindset and way of answering from the different
participants was influenced by their personality
and behavior, like their experience and role.
Nurses with less experience and a more “assis-
tive” role, were more opened to innovations,
research, and learning.

1. Persona

“There are differences among the
goals of stakeholders. You have
the designers who are more into

sounds, visuals ... you have the en-

gineers that are more into sensors
... you also have the ones more

focused on humans and cognitive-

factors..”
-Alarm expert

The plurality of stakeholders involved produces
a broad set of goals based on their own needs,
which are not always aligned.

“if see more on why something is

happening, | would trust it a little

bit more but may depend among
persons”

- Surgeon

This is also influenced by the personality and

the experience of the different stakeholders. For
example, some specialists do not seem very ope-
ned to implementing telemonitoring strategies
as they consider the benefits will not outweigh
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the costs and efforts for its development. This
can bring difficulties during implementation as
not all the staff will be motivated and compliant
with the new protocols and dynamics, affecting
the overall system performance. As seen in Table
7, we can identify two types of nurses.

The experienced nurse trust in her/his own skills
and knowledge, as she/he has developed an
extensive and clear tacit knowledge and has
dealt with a set of different situations that have
helped build a strong critical thinking process.
On the other hand, the apprentice nurse is less
secure when taking decisions given the limited
experience and the ongoing learning process.

“How well it works is such a sub
jective question. It depends com-
pletely on the needs & definition of

your clinician”
-Data scientist

This presents also a challenge for the implemen-
tation of smart systems as the more experienced
nurse tend to trust more on her/his own deci-
sions, while the apprentice nurse appreciates
the support of the information given. It was men-
tioned by experts how nurses in general value
the importance of these systems when they help
reduce the burden without compromising their
current tasks or reducing time with the patient.
This leads to the second topic.

2. Trust in smart systems

“In the future they canrely in the
model ... so now it’s like they do
the same, but they need to trust
the model first before thy rely on

the model”
- Project manager
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*Leading specialist can be:
Gastroenterologist

Leading @
specialist™*

Internal medicine especialist

Oncologist

**Qther external consultation specialist can be:

General practitioner
Radiologist

Other
external
consultation
especialist

Leading ®
specialist*

Anesthesiologist

Figure 20. Overview of actors’ involvement throughout the patient care journey.

Leading
specialist*
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Table 7. Persona definition for nurses.

Quotes

Characteristics

Behaviors

Pains

Gains

Perspectives on Al

56

The experienced nurse

“Seeing how Mr. Jansen looked makes me think he
might have an infection.”

“The human should be making the decisions but the
Al can be supporting”

“Al should not make decisions, especially clinical
decisions”

Don’t need many alarms

Rely more on their “gut feeling”

More narrow thresholds

More easy with alarms and thresholds
Need less data

Corroborate their own concerns
More self-confident with decisions

“Experience” based

Question systems’ results if they don’t match their
thoughts

“We (system designers) don’t want that they will be
second guessing everything because then they (sys-
tems) don’t have much added value”

- Data designer

Systems as support
System results matches their suspicions

System as a “Safety net”
Uncomfortable with “command-based” systems
Staff brings “human factor” and has decision power

The apprentice nurse

“The monitor suggests that with the values from Mr.
Jansen measurements he might have an infection.”

“When you are gathering more and more data the
decisions tools are getting more important”

Don’t want to miss out anything

Need more alarms

More streched thresholds

Need a lot of contextual knowledge

Rely on different sources and measurements
More doubtful decisions

“Theoretical evidence” based

Lack of tacit knowledge

“We (system designers) don’t want them to blindly
accept what the Al tells them, they have to be able to
verify if that’s not the correct conclusion.”

- Data designer

Systems explaining results
Data from different sources guiding to same direction
Approval from specialists

System as a “Foreteller”
Comfortable with “command-based” systems
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Trust in the systems is vital for implementation

to be effective and to bring positive outcomes.
Based on the expert talks, we can talk about trust
based on three main aspects. An overview of the-
se aspects is presented in the next paragraphs.
The full overview is presented in Figure 21.

“we don’t have any idea what the
issues are, we are supportive in
that sense... it’s the clinician that
should have the ownership of the
development product and the
process and should be in charge...
it can be a nurse, the specialists,
the physician, so anybody that’s in
the clinic and would like decision
support anyway”"”

- Data scientist

First, the value that these systems bring to users,
the goal and the “job to be done”. In general,
the different experts refer to these systems as
support tools rather than autonomous actors or
having a central role in the care pathways.

Second, the gains these systems bring, or if they
present new opportunities or complies with
some requirements. For example, specialists
have a special connection to the systems when
they have a good relationship with the develo-
ping team, as it makes technology more human
and less distant to their current and known situa-
tion. They like to be involved and empowered in
the process, which translates into responsibility
and ownership, making them advocates of these
tools.

“Everybodly is pretty anxious to
see what Al can really mean to
these patients...but also they are
critical because it’s before you lea-
ve a decision to a model you really
need to know for sure that it’s the
right decision”

- Project manager

Finally, the pains, the situations that lead specia-
lists to mistrust the systems. This is provoked by
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different reasons, as the lack of transparency

in these systems. Clinicians need to know the
context and all the variables very clearly to make
decisions, so if an outcome is presented without
the procedure or reasoning behind it, they might
doubt it. But the explanation is not the only thing
needed, also their validity and acceptance in the
clinical domain. For example, whether the sys-
tem is valid for an specific type of patients with
certain conditions, or if it can be generalized. In
the end, this is seen in the clashes the reality and
expectations, as not everything that the users
need can be addressedor when it can, it might
not fulfill the imagined outcome.

“We have a roadmap or a chec-
klist that we kind of go through in
all the projects. Kind of a generali
zable broad sense that we use for

all of our projects”

- Data scientist

“We have the development pro-
cess in stages and we define go/no
go criteria for each stage”

- Data scientist

For the implementation of new services or tools
for healthcare institutions have defined a process
that goes from the problem definition between
the stakeholders, until its implementation and
integration into the current state. Figure 22
presents an example of a roadmap that is be-
ing used by a hospital for the development of
smart systems and was mentioned by one of
the experts. Here six main stages are defined.
First problem definition, where the needs of
the stakeholders drive the team to change the

perspective”

Y / 4 e I / 4
Humanize
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“It's the human relationship that really helps build the trust in your tooling”
- Data scientist

“(trust) is something that needs to be built up ... If you have seen it for a few hundred
patients, then it must be right, then maybe you don’t have to see everything behind it”

- Al expert

“Normalize”

“at some point we’ll just get so used to algorithms telling us what to do and how to do it, but we are not there yet...”

Consensus

“Consensus is generally | think the only way”
“What is clinically acceptable is defined by your clinician, you should discuss this a lot with them, to get the clinical

- Data scientist

“...We are in constant discussion with each other in how to do this, what to think about, what is important ...”
- Data scientist

“Experiment with the end user to understand where they are comfortable placing the line”

- Al expert

Involvement & engagement

“We have to involve clinicians and they have to involve us ... It's their problem, their project, they are the
owner ... that also makes them responsible. That’s what helps in building this trust relation.”
“It helps when you are developing for your own hospital. There is a special relationship with
clinicians, you know structure really well”

- Data scientist

“Having the need”

“Nurses are desperate for a solution, they really need it, is not luxury, is a real problem
that needs a solution, they are willing to try new things, help in the development”

- Data scientist

Lack of explanation

“It sort of sound untrustworthy right now but that actually is okay. It’s a bit like human
thinking, we also love to boil things out to one or two easily digestible facts that’s kind of the

same what the model is doing”

“We don’t know exactly why algorithm acts up, it can give one reason for it ... but it could be a lot of

things or really complicated patters that it simply can’t explain”

- Data scientist

Substitute

Uncertainty

“It's a guess, not a 100%”

- Data scientist

“Al is good for filtering the criticality, but not telling what needs to be done”

“The system can not take that decision, unless there are very broad actions”
“Information that nurses get can’t be too actionable”

- Alarm expert

Figure 21. Overview of trust in telemonitoring systems.

- Alarm expert

“There has to be a mutual understanding ... clear boundaries between the system and the nurse”

“Using it as a decision
support and not as a
decision replacement tool,

be really clear in its scope”
- Data scientist

Support system value

“Al should not make the
decisions, especially clinical
decisions. The human should
be making the decisions but
the Al can be supporting”

- Data scientist

Validity & Reliability

“Clearly explain that it's (system indication) possibly incomplete and it's a suggestion”
“The algorithm needs supervision, its going to make some mistakes that you really might not agree with and you

have to manage that”
- Data scientist

“If there is a big mistake at some point it’s (trust) suddenly lost”

Reality VS expectation

“80% of the ideas do not actually translate into Al product”

- Al expert

“Mismatch between what people think we can realize in terms of Al, what Al can

do for them and what we actually can do”

“What you want to predict is not always available in your

current data”

- Data scientist
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User/stakehol- Technical knowle-
ders’ needs dge & tools

Problem

definition Develop

Ensure functio- Usability
ning algorithm questions

Technical and
practical integra-

Check on
data availabi-
1%

Reliability &
validity

Figure 22. Example of an implementation process in hospital context mentioned during one of the experts talks.

Testing
(first itera-
tion)

Receive
user input

Implementation
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current state to seek its improvement. Second,
is to check on data availability, to know whether
the challenge can be solved with the resources
available or if something needs to be done

or researched first, for example, if some extra
information needs to be collected. Third, is to
develop the smart system using the technical
tools and knowledge from the team. Fourth, is
to test the first iteration of the system with the
users and actors involved. Here feedback will

be gathered to adjust the system and iterate on
it. Fifth is h technical and practical integration,
where the technical is about algorithm, to make
sure that it works correctly; while the practical
part is about usability questions, if users agree on
the way things are presented, on the system, the
platform, and its functionalities. The last step is to
implement the solution in the hospital context.

“Long time for development of
these clinical things”

- Healthcare designer

“Legal frameworks must also be

indicated for the use of eHealth,

because part of the care is provi-
ded outside the hospital.”

- Box project expert

Implementations around healthcare contexts
need to comply with different regulations regar-
ding patients and user safety that comprise their
physical conditions, but also their data and its
privacy. In general, projects can take longer than
expected or than standard times, because of the
need for several tests and approval form different
entities.
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This part presented the findings of the explora-
tion phase, which comprised literature and user
research. We could see how the main issues
found in the theory were also relevant and corro-
borated when talking to the experts. Information
around data, tasks, actors, mindset and the
healthcare context was identified and it brought
some of the main challenges and opportunities

Overabundant &
time-consuming

Unclear & in bulks

Entire picture

No integration

for telemonitoring services in peri-operative
contexts. Figure 23 presents the overview of
the most relevant findings and conclusions from
this part. Here the insights are presented on the
aforementioned five categories, and they are
classified based on the type of information they
bring, whether they were presented as challen-
ges or requirements within that category.

No reimbursement

High workload &
disruptions

No protocols
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Overall, from the expert talks we can see
how smart systems are needed in health-
care contexts. However, their role should
be to support, rather than as a deci-
sion-making actor. This “last call” should
only be made by specialists.

To fulfill this task, the system needs to
provide constant monitoring that consi-
ders the context and allow for informed
decision making. Also, they need to be

False alarms policies Mainly monitoring developed considering the multidiscipli-

Contextual Reaular checks nary environment, and the multiple needs
ekl gare vital of the actors with different expertise and
backgrounds. In general, systems need
Prioritize Data Tasks Interaction with to adapt to the different types of actors

Need for testing

Difficult to asses
individual impact

Healthca-
re context

Plan process and
implementation
based on current

standards & dyna-
mics

Goal misalign-

Telemonitoring

in peri-operative
care

ment

patient is key

Multidisciplinar
context

Unclear roles/res-
Actors ponsibilities

Personal characte-
ristics/behaviors

Actively involve
actors in planning

Personal characte-

(experienced vs apprentice, tech-savvy
vs non-tech savvy) and not the other way
around, so that these systems can be
trusted.

One last challenge that needs to be
addressed is the gap between the smart
system’s capabilities and the expectations
of people.

ristics/behaviors Challenges

‘ Requirements

Trust in smart
systems

Figure 23. Overall findings from the user research based on the categories established.
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Trend Analysis

Some research on current trends and the current
state of technology around this context suppor-
ted the exploration of directions for the future
vision. This would help as a source of inspiration
for the scenario definition, but also give a basis
for a realistic scenario by forecasting based on
the current direction of society, technology and
different fields.

In this case, the DESTEP method was used, were
different trends and developments in areas such
as Demographics, Economics, Sociey, Technolo-
gy, Environment (Ecologic) and Politics. For this,
trend reports from companies such as Global
trends, Deloitte and healthcare companies like
Philips, CareVoyant (CareVoyat, 2021), among
others, were analyzed. In addition, literature
was researched to learn about recent inventions
and the prediction on fields including home
care, data processing, clinical decision support
systems, patient monitoring, e-health.

Once general trends were gathered, they were
clustered to determine the underlying main
trends that would help forecast the future of
healthcare around telemonitoring of patients.
The results can be seen in Figure 24.

Overall, we can highlight the importance of
healthcare for society. Given the recent pande-
mic, people are being more aware and actively
seeking their wellbeing. This situation showed
the fragility of life, especially when not having

a healthy lifestyle, which leads to getting sick
more easily or having higher probabilities of
developing complications. Consequently,
people started to be more aware of their way of
living (the things they eat, the amount of activity
they perform, the level of stress and emotions
that they deal with daily) and seek behaviors that
bring the best outcomes for their health.

Being more conscious of their state also makes
people wanting to know more about how they
are feeling and why. This is supported by the de-
velopment of devices that keep track of people’s
vital signs and conditions, as they want to know
how they are doing and what might help impro-
ve their state or what could deteriorate it. These
devices provided support by keeping track

of people’s physiological data and providing
information to determine a patient’s condition or
diagnosis when needed, during the quarantine
period in the pandemic, where people could
not leave their houses. This even helps prevent

and attend possible emergencies. This is also
promoted by the increase in the older popula-
tion, who, given their physical conditions and
physiological consequences of aging, have a
higher demand for care and ensuring it from the
home context became a priority.

On the other hand, we should also emphasize
the value of smart systems and their increasing
adoption in all types of activities. These systems
have not only been actively involved in people’s
tasks given the need for remote and online servi-
ces due to COVID-19 outbreak, but also for the
benefits it brings. For example, it allows for an
extension of service delivery, given the possibility
of reaching out to more people throughout the
online environment. Also, in decision support by
providing more data (greater capacity for storing
information by means like cloud solutions) and
tools to analyze it. This last one presents an
opportunity in the healthcare industry, where
clinicians’ choices have a significant impact on
patients’ life and accuracy and precision are
crucial in care.

The inclusion of smart systems involves a broad
network of stakeholders, who should be inclu-
ded during its development, to fulfill their diffe-
rent needs and motivate implementation. This is
supported by the importance of the ecosystem
around solutions, which has been continuously
increasing. With this, a product can no longer
be defined by the user, but by all the stakehol-
ders and the variables around it. And not only a
product will be offered, but the service it entails,
considering the dynamics of the environment
where it is introduced. In healthcare, innova-
tions can't only focus on the patient, they need
to consider the caregivers (healthcare staff and
healthcare institution), the patient’s context (re-
latives, friends), healthcare insurance companies
and even public entities to ensure policies and
regulations around these new strategies.

Considering the whole context requires more
agile methods that can help in the creation and
testing of new models and practices in shorter
periods of time, with the least amount of resour-
ces, without compromising quality. For healthca-
re, nowadays co-creation sessions are taking
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an important role, where actors like physicians,
work together with designers, politicians and
even civilians to build together policies around
healthcare and strategies to improve the clinical
outcomes, the patient and medical staff’s expe-
rience and environments, and efficiency in care
(Bodenheimer & Sinsky, 2014).

This is also possible given the increase in the im-
portance of connectivity among people and the
development of means that support it. For exam-
ple, the creation of different platforms that allow
video calling, virtual meetings and education
and in healthcare, the possibility of specialists still
getting information about the patient’s condition
even though they are not in the same room.

In addition, these new systems will lead to new
dynamics given the challenges that arise, like
the security of the patient’s data and the clinical
outcomes: or the need for customization of
these systems to fit into healthcare staff's roles
or facilitate the transition into new logistics; or
the development of new policies and guidelines
around how should care be provided for the
contexts introduced by the new services.

To sum up, society is striving towards more
technological and online services that can bring
the same or even better quality. These services
should extend the coverage and functionalities
to the home context and increase the offerings
to provide a better fit to the user’s needs. Now,
people who couldn’t buy things or services from
a certain company will be able to order them
online, which for most people is more conve-
nient and preferred than going to the physical
facility. These services should ensure a smooth
and well-defined structure by considering the
ecosystem around it, like the stakeholders and
resources to build a strong network and offer a
desirable experience.

A more in-depth explanation of each of these
trends can be found in Appendix 6. The infor-
mation provided by this trend analysis was used
for inspiration when defining the future vision,

to shape peri-operative care of the future and

the services and logistics around it. With these
trends, we can see what the society is looking for

65



66

(like online and intuitive services, customization, things be achieved (technological developments
wellbeing, sustainability) and how could those agile methodologies, ecosystem overview).

Decision support systems Connectivity

Online services Ecosystem overview

'CUSTOMIZED
DIET PLAN

“tutterstock.com « 168939700

Sustainable design

Customization

Intuitive design

Figure 24. Main trends found from the trend analysis.
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Develop & validate

After the information was gathered and analyzed and the different insights
were stated, it was time to decide the direction for the project. This chapter
includes the future vision proposed for telemonitoring services and its expla-
nation of how it is different from the current context.
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The future Vision

When designing, stating a future context is a very
important part of the process to have solutions
that would fit the dynamic environment. This
context is influenced by

“Notions or measurements of the (phy-
sical) surroundings, and any meanings
users may attach to various properties,
but it could also be comprised of any
idea, observation, belief, or even ob-
session the designer holds and regards
as appropriate for the project”
(Hekkert & Van Dijk, 2011).

Consequently, factors around the context should
be considered, like trends, cultural develop-

ments, behaviors or even human principles and
needs. Having a future vision help define a fra-
mework to work on and contributes to the crea-
tive spirit needed for innovations. It is also a tool
to align the needs and desires of the different
stakeholders and to trigger discussion regarding
the opportunities for a certain field.

In this project, a future vision was created to gui-
de the design process. This future vision is about
peri-operative care with telemonitoring services,
focusing on the role of the nurse, the patient
and the smart system. Its creation was based on
the outcomes of the research phase that provi-
ded insights regarding beliefs, behaviors and
tendencies around telemonitoring.

6.1 The Challenge

Before presenting the future vision, the current
state needs to be stated to understand the
problems that need to be addressed and the
opportunities that arise and that will be the basis

for the desired future context. As mentioned in
the research stage, nurses already have a large
number of tasks given the nature of their job:

patient monitoring, medication administration,

operate medical equipment, perform diagnostic
tests, documentation, assists on surgeries or
other medical procedures, among others. Here a
distinction needs to be made between the type
of tasks a nurse has. They can be either elective
procedures or emergencies. Elective procedures
comprise all practices that are scheduled in the
hospital to respond to a clinical condition of a
patient. On the other hand, emergencies include
all the procedures that are not scheduled. Tasks
are often interrupted by emergencies (e.g.,
sudden deterioration on patient’s condition or
life-threatening situations) and because of the
unanticipated and unexpected nature of these
situations, nurses’ workflow is disrupted.

Figure 25 shows how this situation for the year

2020. Here, Emma, a surgical nurse, has a scroll
with all her tasks on it. This is a representation of
the number of tasks, as it can be felt as a “never-

2. Check patient

3. Attent
procedure

é. Check patient

50. Assist
procedure

-
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ending list”. We can see how the word “Emer-
gency” is written in capital letters several times in
this list to show its intrusion and disturbing effect
it has on nurses. Next to Emma is Noah, a patient
from a recent surgical procedure. He feels
overwhelmed, as his physical and mental condi-
tion is still impaired due to the medical procedu-
re. He needs to take care of different things, like
being aware of eating properly (having the right
food at the indicated hours), having the medica-
tion on time, ensure that the wound is properly
cleaned and is healing, and so on. However, the
lack of medical knowledge makes him scared of
possible side effects or complications he might
have. This builds a barrier with nurses, who need
to calm the patient and explain the situation,
which takes time that given the amount of tasks,
they don't have and thus, can’t properly connect
and interact with patients.

PATIENT
rlfe Take medici-

2. Eat properly

patient

Figure 25. Overview of the nurse and patient's responsibilities in the year 2020 without telemonitoring services.
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This situation is intended to change in the

future, by the implementation of telemonitoring
services. The inclusion of a smart system in the
context of peri-operative care opens a door to
the automation of some tasks and the support of
others. Those burdensome activities that nurses
don't feel comfortable or motivated to do, can
be done by technology. For example, docu-
menting the updates on the patient’s con dition,
diagnosis and treatment is an assignment that
can be done by technology as it doesn't require
a specialized skillset or human-related abilities.
This use of smart systems can help reduce errors
in the documentation that are due to staff’s
exhaustion and distress at work. On the other
hand, smart systems can also provide support on
some tasks, for instance in monitoring patients.

1. Check monitor
2. Check patient

5 t
%ré&ecrure

é. Check patient

10. Examinations
11. EMERGENCY

Fdichese

50. Asgist
procedure

Figure 26. Change in the nurse and patient’s responsibilities between the year 2020, without telemonitoring services, and 2030 after the implementation of telemonitoring services.

PATIENT
r11'e Take medici-

2. Eat properly
3. Do therapy

Technology allows the collection of patient's
data (physiological variables like vital signs), its
analysis and presentation of information in a way
that gives a clear idea of the patient’s status and
that allow staff to take actionable and informed
decisions. With the developments in technology,
data can be collected outside the hospital envi-
ronment and providing continuous care in the
home context and after the discharge period.
This is crucial when detecting complications to
treat them on time.

As presented in Figure 26, by the year 2030,
thanks to telemonitoring Emma will count with
the support of a system that will take some of her
tasks. In this figure, she no longer has a scroll
with the tasks but a clipboard and the system is

patient

1. Ar{alyze measure-
ments

2. Spot complications
Lg)érl‘)tocument appoint-
11. Schedule procedure

20. Track time
21. Make billing

10, .
remce?\ErOborate measu

11. Forecast scenario

nurse

the one with a scroll. This represents how the
system will now take many demanding tasks of
the nurse, to reduce their workload. Emma will
now be able to focus on the tasks she enjoys
the most, like sharing time with patients. By the
reduction of tasks, stress levels can be reduced,
which will help improve care of patients, share
a better and higher-quality time together, which
will nourish the patient-nurse relationship. This
time with patients can be used to support and
instruct them on their care so that patients can
actively seek for their wellbeing and know how
to achieve it. As we can see, now Noah is no
longer nervous for its status as he is empowered
with knowledge shared by Emma and the system
and now know more about his condition and
how to act upon certain situations. This will

SYSTEM
system

PATIENT

. Have in
care deﬁnit:%‘,’, t for

patient
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in turn be seen in a reduction of the overall medi-
cal procedures, as patients will be more aware of
their state and be healthier, decreasing the possi-
bility of getting sick and thus of needing medical
attention. And in case there is a deterioration in
the patient’s state, it can be detected by the pa-
tient on time so that an emergency can be turned
into a scheduled procedure. The system will also
enable this situation by support in complication
forecasting and risk assessment through analysis
of the “telemonitored” data, as seen in its task list.

6.2 The Proposal

One of the main goals of the current peri-opera-
tive box project is the reduction in readmissions.
Readmission can be considered as emergencies
as they are not planned, and the hospital and

the different actors involved in them (specialists,
nurses, patients) are not adequately prepared to
attend them. As mentioned before, the healthcare
specialists need to perform different procedures
to determine the state of the patient, spending
resources and time that were initially destined for
other purposes. This increases the expenses of
the hospital. To cover these unforeseen expen-
ditures, the hospital needs a reduction in other
areas, reducing the budget of some departments.
[t can even lead to a “cut” in the overall payroll,
which can negatively impact the service itself,
making it slower due to the lack of resources (both
human and physical), closing the loop presented
in Figure 27. These dynamics are also seen for
emergencies, given their “unexpected” nature.
Consequently, the future vision presented in this
project extends the aim of telemonitoring services
in peri-operative care to:

] « Decrease the overall amount of medical
procedures.

2 o Reduce the number of emergencies by

transformingi them into scheduled procedu-

res.
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Figure 27. Impact of readmissions in hospital dynamics.

Here a proposal around education, inno-
vation and research is made as the source

patient

nurse

2020

for fulfilling these aims. But before explaining the
way these goals will be achieved, let’s further
explore how they will be progressively accompli-
shed in time.

Figure 28 presents an overview of the state of the
goal in four different scenarios. First, is the 2020
scenario, which shows the context before tele-
monitoring services, in this case, the peri-opera-
tive box. Then, there is 2021, which is the current
state of the service, based on the definition and
firstimplementation and trial of the peri-opera-
tive box. Third, is the first future scenario, 2025,
to see how changes in a gradual manner and
short-term goals for these services. Finally, is the
long-term vision, where 2030 includes the ideal
scenario for telemonitoring.

E o

patient

2021

Figure 28. Changes over time on the amount of elective procedures and emergencies with the introduction of telemonitoring services and the impact on nurses and patients’ tasks and relationship..

We start by 2020, which presents the initial state
of the number of procedures and the basis to
assess the efficiency of telemonitoring services.
This is shown by the pie chart, where there is a
high percentage of emergencies that need to be
attended. Given the high number of emergen-
cies, the work of the nurse is disrupted, and the
levels of stress increase due to the unplanned ac-
tivities that arise. This is seen on the rectangle on
top of the pie chart, which represents the state of
the nurse and the patient at this point and relates
to the visuals presented in Figure 25 and Figure
26. Without the existence of a system, the nurse
has a lot of tasks to perform and the patient

system

patient

2025
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“is on its own” after being discharged from the
hospital. This also translates into a barrier be-
tween the patient and the nurse, as they can not
interact once the patient leaves the hospital and,
during the hospital stay, the relationship is distant
(represented by the space between the two
characters in the figure) given the reduce time
the nurse has available to share with the patient
due to all the tasks she needs to fulfill, written in
the “never ending scroll”.

In 2021, the first iteration of the implementation

M Elective
procedures

system

patient

2030
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of the peri-operative box takes place. Here, a
smart system is introduced, that will allow for
continuous monitoring of patients outside of the
hospital context. This will enable an extension
of care provision and of the contact between
the nurse and the patient, eliminating the barrier
from 2020. Throughout the data collection and
its analysis, now more informed decision on the
patient’s condition can be made. It also brings
the possibility to forecast complications by stud-
ying the patient'’s recovery process more closely,
based on the values of the measured vital signs.
This will in turn allow for the reduction of emer-
gencies by turning them into plannable procedu-
res as seen in the pie chart.

In the research phase, it was presented how

one of the main problems of telemonitoring for
staff is the high workload. Besides their current
tasks, with the introduction of telemonitoring
new tasks arise, like the analysis of “telemonito-
red” data which is consider burdensome given
overabundance of information. Consequently,

a system that support nurses in those tasks that
only represent a burden and they are not motiva-
ted to do, will have a positive impact on their job
environment and even on their performance. For
example, the system will support the collection
and digitalization of monitored data, which will
give them more time with the patients, increa-
sing their satisfaction at work and the relations-
hip with the patient. The system will also offer
support for patients, by giving them information
on their health status from their home, which will
help them be more in control of the situation, by
knowing what “is going on with their bodies”.
The familiarity with the data will act as positive
feedback on the relationship with healthcare
staff, as more information (and more valuable)
can be exchanged.

By 2025 telemonitoring services will be further
improved, allowing for the extension of the
support and functionalities of the smart system.
Now, as we see in the rectangle above the pie
chart, the system’s tasks are written on a scroll
and the nurse’s tasks on a clipboard. This repre-
sents the switch of the effort from the nurse to
the system, where the automatable tasks, like
administrative assignments, are automatized and
the human resources can focus on the ones that
motivate them, like human interaction.

Here we can see how the nurse and the patient
are getting closer to each other, as they can sha-
re more time together, where the nurse can offer
the support they need and with better quality.
This support will be on educating and making
patients more aware of their condition so that
inturn, they will be able to critically assess their
recovery state and know when they are having a
complication, helping to transform it into a sche-
duled procedure; or even by keeping healthier
lifestyles that reduce the overall need for medical
interventions.

Also, the system will improve on its performan-
ce on complication forecasting and outcomes
prediction. This will in turn have an impact on the
number of emergencies, reducing it gives the
timely intervention and the possibility to plan for
them.

Finally, 2030 presents the ideal scenario where
emergencies are almost a negligible section of
the pie charts, as with all the advancements in
technology and patient education, they can be
avoided and turned into elective procedures.
The smart system will fully support both the nurse
and the patient in their own tasks and contexts,
and it will even promote and foster the relations-

hip between them. It will provide the nurse with
more time to focus on patients and offer tools
to better empathize with patient and know how
to considerate and empower them for clinical
decision making.

For patients, the system will offer education to in-
crease their knowledge and confidence around
medical contexts that will in turn improve the in-
teraction with the medical staff. This is seen in the
rectangle above the pie chart by the closeness
and “barrier-less” interaction among the staffin
the nurse, where the system act as a mediator.

With this on mind, is now time to present the
overview of the journey that peri-operative care
needs to undertake to arrive to the scenario
presented in Figure 26. Figure 29 presents the
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future vision. This vision represents the mind-
set around peri-operative care supported by
telemonitoring. It takes the reader through an
expedition along the four previously mentioned
scenarios, to see how telemonitoring services
would change over time and some of the trans-
formations needed around the roles and tasks of
main actors involved (the patient, the nurse and
the system) for its successful implementation.
This vision addresses different topics that range
from the overall explanation of the process for
implementing telemonitoring services in surgi-
cal contexts, through the changes needed for
this implementation to be successful, and up to
the dynamics around how is patient care trans-
formed by these services and the benefits and
outcomes it brings. The following sections will
explain the future vision and its different parts in
more detail.

1. Shift from hospital to home mindset

Figure 30 shows two main settings for pe-
ri-operative care services. These are contained
in circles and are the Hospital and the Home
contexts.

] « The hospital context represents the
place where the surgical procedure is performed
and where the patient would go in case of any
emergency of if some extra interventions are
needed. It is representation for all the activities
that will take place within the hospital facilities,
as they require the use of the available resources
(material and human).

2 « The at home context, includes the
environment where the patient goes after being
discharged from the hospital and where the
pre-surgery phase and the recovery take place.

As mentioned before, the vision is a representa-

tion of the mindset around telemonitoring for pe-
ri-operative care. In this case, a journey from the
hospital to the home context signifies how this
last one will become increasingly important and,
in a future, be the main setting for patient’s care.
Healthcare will shift its focus from the hospital
context to the home context, making the patient
a central user that needs to take an active role for
the system to work effectively.

Both contexts will continue to exist in the year
2030, however, most of the care will now take
place at home, and the hospital will only be used
when specific resources, which can’t be provi-
ded outside the hospital context, are needed.
The increase in the importance of the home con-
text is based on the continuous advancement in
technologies that will provide services that could
only be performed at hospital, to be performed
at home, for example, some blood test, orimage
sampling. So, in a future, many elective procedu-
res will take place at home. This increase in the
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Figure 29. Future vision on telemonitoring services in peri-operative care.
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in the home context will also be possible becau-
se of the system support on patient’s education,
allowing patients to get trained on better care
and medical knowledge outside of the hospital.
This turns into an increased awareness of patients
on their wellbeing, which will turn them into
active actors of their own care, making their own
setting a key part in their empowerment. This
represents one of the insights from the user re-
search about the role and responsibility that the
patients should take for telemonitoring services
to effectively be implemented.

In the circle that represents the “Home context”
within Figure 27, some changes are identified
in its state. In 2021, we can see how there is no
construction yet, as at this stage, the telemoni-
toring services are only starting to be used and
tested. By 2025 telemonitoring services will be
already properly implemented, a house is esta-
blished in the land previously studied.

Here staff and patients are moving into this “new
land”, where they are discovering different pos-
sibilities and with this exploration, adaptations
to the system are made to fit their needs. In the
drawing this is represented by the moving to a
new house, in which for example, people would
buy new things for the house, to make ita more
comfortable place, or even sell those things they
no longer use and are no longer needed. At this
point, the “field” can be expanded, and new
houses can be built, meaning that the system can
have new functionalities and different patients
and staff can use this system. This is seen in 2030
with the different houses, as each user has its
own needs, and the system should adapt to
those (this was presented as an insight from the
user research regarding trust in smart systems).
By 2030, a neighborhood is created, like the
patient community to provide support and em-
power each other on telemonitoring, care and
healthy behaviors.
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Road in time for the mindset
around telemonitoring
in peri-operative care
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Figure 30. Change on the contexts for the future vision on telemonitoring services in peri-operative care.
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2. The journey

Another part of the vision is about the journey
itself for the patient and the nurse. Within the
visual, there is a road that enables the connection
between the hospital and the home context.

This road represents the research needed for
telemonitoring services to be developed and
implemented.

Research can be divided into two main
types.

First is academical-medical research, which is ba-
sed on scientific research around clinical outco-
mes and patient’s data. For example, the use of
the data gathered as a resource for an on-going
investigation on a specific patient condition, as

a control or intervention group, or just the use of
raw data. Or the medical research for the develo-
pment of the system for telemonitoring services,
to determine the adequate parameters that bene-
fit the prediction algorithms (for early detection
of adverse events and possible complications).

Second, there is academical design research,
which is focused on how to design and embed
remote patient monitoring systems into the heal-
thcare context, that includes the development of
methodologies suitable for this context; and on
understanding its dynamics. The consideration of
design research as core during the development
of these services is vital for addressing trust issues
in technology presented in the user research.
Design provides ways of understanding the
needs of healthcare staff to translate them into
requirements and later designs of smart systems
that enable and support clinical decisions.

The road is used by the nurse and the patient to
develop the desired mindset of having the home
context as the core for patient care and keeping
an active attitude towards seeking wellbeing and
healthy behaviors. To get to this outcome two

main things will support these actors: educa-
tion and innovation.

Firstis education. Previously, when dis-

cussing the scenarios, it was mentioned some
knowledge that the patient and the nurse will
need to achieve the overall goals of reducing
emergencies and medical procedures and the
individual goals of reducing burden and stress
and improving the care experience. This is a core
area as healthcare will turn into a more preventi-
ve than corrective role.

Patients will actively seek their well-being and
healthcare staff will facilitate this by instructing
them and providing spaces where support is
given from other patients and specialists. Pa-
tient’s education focus on preparing them for
the surgical procedures and examinations, their
medical condition, the adequate care around it
and the monitoring process itself.

On the other hand, staff education is about the
use of smart systems; the new dynamics and tas-
ks required for telemonitoring; acknowledging
patients as active actors, their needs, wishes and
experiences; empathic interaction and a way of
supporting, understanding and fulfilling patient’s
requirements. This will keep the focus of the
healthcare staff on the interaction with the pa-
tients and not with the system, which was expres-
sed as one of the main interests of staff during the
user research. In general, the goal of healthcare
staff will shift from a reactive attitude to a more
proactive one, focusing on training patients to
prevent diseases.

Second is innovation. In the previous sec-
tions, it was mentioned that a system needs to be
developed to enable telemonitoring services. It
was also expressed how it will support patient’s
care through complication forecasting and
provision of information and guides to patients;
nurses’ activities by automation of some tasks;
and education of both patients and staff. The
development of this system is addressed in the
vision as innovation. This area is divided into two

types.

First is new product development, in which
radical innovation is involved and includes the
creation of new services and products around te-
lemonitoring strategies. This will be a fundamen-
tal part of telemonitoring during the initial stages,
as most of the technology and tools required for
the implementation of these services, needs to
be developed.

Second is continuous improvements or incre-
mental innovation, which involves a baseline to
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start working on enhancements of the current
options. Consequently, first, the service needs to
achieve its critical mass regarding development,
where no more “new” things are introduced

or created, but there is a need for focusing on
improving the existing ones. This also acknowle-
dges the challenges presented during the user
research section, about the healthcare context,
which require time for the approval and imple-
mentation of new strategies, given the need for
testing and validation.

3. Stages of telemonitoring implementation

As mentioned before, this vision presents the
reader with a journey for the implementation of
telemonitoring services in peri-operative care.
This involves different stages for a stepwise
approach, where the technology and changes it
entails will be made progressively, to avoid

overloading the actors with sudden and disrup-
tive modifications that might not be welcomed.
Consequently, the vision uses the construction
and setting up of a new neighborhood to explain
the different stages to ensure its understanding
through a well-known context.
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Road in time for the mindset
around telemonitoring
in peri-operative care

. Elective procedures

Emergencies

EXR

2020

”, H ” / .

the planning ‘\ Information on:
Medical procedures
Clinical outcomes
Emergency contact

Education on:

in-hospital care

Figure 31. First stage in the journey regarding implementation of telemonitoring services in peri-operative care.
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As presented in Figure 31, the first stage is called

“The Planning”, where the idea around
the implementation of telemonitoring services
arises and is initially studied. This emerges as

an initiative from the hospital context, given the
need for the reduction of readmissions, through
the improvement of care provision, especially
from the moment that patients are no longer in
the hospital environment.

In 2020 the nurse is overwhelmed by all the
tasks she must perform and her role focus on
providing care to the patient at the hospital, ad-
ministrative tasks (like the ones discussed in the
previous section), and attending emergencies,
which are very common in a nurse's routine.

On the other hand, the patient is constantly wo-
rried over the condition and outcomes from the
surgery and does not receive any education but
is informed about the medical procedures on the
care plan and the logistics around it.
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Road in time for the mindset
around telemonitoring
in peri-operative care

Enabled by the
education on:
Device usage

Taking
measurements

Enabled by the
education on: /
Telemonitoring care u,se patient 202 l

path
Measuring devices .
“the exploration”

Data collected
System usage

. Elective procedures

Emergencies

Figure 32. Second stage in the journey regarding implementation of telemonitoring services in peri-operative care.
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Moving to 2021, “The Exploration”
stage starts, where the home context is now
accessed through telemonitoring services. The
visual in Figure 32 shows how the road moves
from the hospital to the home context, as the
mindset will now start to focus on providing
care to the patient in their settings, outside of
the clinic. This is compared to land surveying
and mapping that is performed before starting
any construction. In this, some actors are sent to
determine if the land is suitable for construction
and what is needed so that it can be prepared,
and the foundations can be built. 2021 focus on
data collection for the development and testing
of smart systems, like algorithms for predic-

tion of adverse events; the adequation to the
ecosystem around it, for example, how patients
behave in the at-home setting; variables that are
introduced to care provision, as relatives (in this
document the word relatives is used to refer to
the people closest to the patient, her/his loved
one and those he/she share their daily life with,
which include friends or family), daily schedules
and routines, work and social activities; among
others.

At this moment, with the introduction of the
system, the dynamics around the nurse and the
patient change. Now nurses will also learn about
the use of telemonitoring devices and systems
so that they can actively look into the patient’s
condition (through the data collected) and
determine the possibility of a complication. This
willin turn help forecast and prevent it or turn it
into a scheduled procedure. This task will also be
supported by the system, through an algorithm
that with time, will improve its accuracy. Addi-
tionally, patient education starts and with mo-
nitoring from home, by the devices and system
provided in telemonitoring services. As with the
nurse, making patients aware of their data will
help them understand when their condition is
deteriorating or improving, to adequately deter-
mine, prevent and act upon emergencies.
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Road in time for the mindset Erabid by e
around telemonitoring i) x

Patient and relatives

in peri-operative care

Enabled by the "
education on: As presented in Figure 33, 2025 is called The

el Ceeliten awakening"” stage and this refers to the mo-

(care plan, healthy T )
behaviour) ment where the shift in the mindset of the actors

202 5 Measured variables involved reaches its peak by getting to a level of

(values, meaning, - .
“the awakening” implications) consciousness about care. As mentioned before,

the vision makes a comparison with the process
of people moving to a new house, a process that
requires actors to be very active and providing
continuous feedback and proposals on what is
needed, what can be thrown away, and, in the
end, how to organize all the things in a way that
makes them feel comfortable. For telemonito-
ring, patients and nurses will try these services
and lead them to take active roles, where they
get the most out of the data and even provide
input so that the system can be improved to
. Elective procedures better fit their needs.

Emergencies Given all these system improvements, emergen-
cies can be avoided and “scheduled” by forecas-
ting complications. Additionally, as nurses will be
more conscious and knowledgeable on data co-
llected, they can achieve earlier complication de-
tection and help train the system, having a critical
role to improve its accuracy. The system will also
take care of many of nurses’ tasks so that they can
focus on their preferred activity: to be with the
patient. This time will be invested in educating
patients, regarding their condition, care around
itand even more medical-related knowledge
on the measured variables to empower them to
become active actors in the process. As before,
patients will help reducing emergencies with
the increasing knowledge, understanding, and
awareness of their condition and now even with
the overall reduction of medical procedures with
the improvement of their health condition.

Figure 33. Third stage in the journey regarding implementation of telemonitoring services in peri-operative care.
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Road in time for the mindset
around telemonitoring
in peri-operative care

Finally comes “The habituation” stage,
where telemonitoring services are now smoothly
integrated into the nurse and the patient’s daily
routines. In Figure 34, this is represented by the
establishment of a neighborhood with different
houses, as the system will allow for customization
and adapt to the different users’ needs. In this
final stage, nurses will now take a more suppor-
tive and “secondary” role in patient’s care. They
will mainly seek shared decision-making and

let the patients be in charge by providing them

. Elective procedures with the necessary knowledge and advice.
@ These learnings will focus on prevention, more

Emergencies than correction, and relate to healthy behaviors,
6@ which will, in the end, help reduce the need for

. 2030 medical procedures.
“the habituation” Moreover, monitoring in the pre-surgical phase

will provide information to assess the outcomes
of the surgery, to adjust the care plan and the

*m resource allocation around it. Nurses will learn
Enabled by the / _— to determine and analyze the creation of scena-
education on: . ) rios, based on different patients’ conditions ad
E:]a;::;hcyizzsiz:pport / /‘\ g Enabled by the characteristics to find the best fit. Furthermore,
el ~ education on: technology will bring new possibilities like the
Patient empowerment nurse Awareness on health creation of online communities for patients, whe-
chgteanamrigdzmlr?gijng and ;t§§§§§g$p"°at'°” re they can learn from other’s experiences and
Community building how to support each other.

Figure 34. Fourth stage in the journey regarding implementation of telemonitoring services in peri-operative care.
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4. Patient & nurse relationship

The last part of the vision is about the dynamics
around the patient and the nurse'’s relationship

in peri-operative care. Before, we mentioned
that the nurse and the patient will use the road

in the vision to get to the desired mindset. But
how are they going to travel? Here, a bike ride
was chosen to enable both actors to enjoy the
landscape while on their journey and be aware of
the surroundings and the changes throughout it.
To change the mindset, the nurse and the patient
need to be conscious of their actions, but they
also need to have a pleasant experience so that
they accept and embrace the changes needed.
Throughout the vision in Figure 35 there is a pic-
ture of how the nurse and the patient are riding
atthe moment where they are almost entering
the next stage, so right before 2021, 2025,

and 2030, showing the achievement from the
previous stage and what is required to continue
the journey.

The nurse and the patient will go to the first stage
by a normal bike, each on their own bike, howe-
ver close enough so that the nurse can guide,
and the patient can follow and doesn't get lost.
In 2021, the nurses will have the most control of
the services, as they will be the ones analyzing
the data and keeping track of the patient’s reco-
very. The patient is seen more as a passive actor,
who needs to collect data but doesn’t necessa-
rily use it as they lack the required knowledge to
make the most out of it.

Continuing the journey, we can see how near
the third scenario (2025) the patient and the
nurse are going on the same bike, and now is
not a manual bike, but an electrical one (e-bike).
These e-bikes are commonly used when the
cyclist needs (or wants) some support, as the
motor provides power and reduces the effort the
rider must do to move the bike. This is a repre-
sentation of the system that will be built around
the services, which will do some of the tasks of
nurses, to lessen their workload and allow them
to focus on their preferred (and most important)
activities, like patient care. Moreover, with the
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Figure 35. Overview of patient and nurse relationship and throughout the entire journey regarding implementation of telemonitoring services in peri-operative care.

93



94

continuous use and promotion of telemonitoring
services, patients will be more knowledgeable
of their condition, their care, and the uses and
benefits and telemonitoring and the data it
provides. Here the nurse is still the one guiding
the patient in the process, as awareness is only
being created among patients. Nevertheless,
nurses are striving for empowering the patients
so that they can be in control of their own health.
In the visual, it is represented by the nurse being
the pilot of this shared bike, and the patient the
co-pilot.

In the last stage, given the developments in
the system to support and extend education to

patients and nurses, both actors will achieve

a high level of consciousness on their own
responsibilities and roles. The patient will be
acknowledged as an active actor who can take
part in clinical decision-making and even be in
charge of it, by making informed judgments and
choices. Now the nurse will be able to enjoy the
surroundings and have an “eagle” look on the
patient to provide guidance when they feel lost,
without taking away their power or freedom as
the pilots of their own care pathway and healthy
lifestyle. This is seen in the vision by the patient
being the pilot of the bike and the nurse takes
the position of co-pilot.

6.3 Detailing the future vision

Figure 36 presents a more detailed explanation
of the future vision. If the future vision is seen as
the strategic roadmap, this can be the tactical
roadmap. It includes how will the future vision be
achieved by describing the changes needed in
the areas (staff and patient education and innova-
tion) that enable the fulfillment of the main goals
of telemonitoring services (overall reduction of
medical procedures and transformation of emer-
gencies into scheduled procedures). This visual
includes specific actions that healthcare staff and
patients need to do, and learnings needed to
fulfill them. Regarding innovation, it addresses
the functionalities and features smart systems

will have in order to provide adequate support
to the actors in each stage. The system can be
described as support in four main tasks:

1. Prediction of emergencies.
By data gathering and analysis, a better follow-up
of patients can be done that allows for early
detection and treatment of complications or
adverse events. By continuously monitoring pa-
tients, signs of deterioration can be spotted, and
actions can be taken to prevent further detriment
of the patient’s condition.

2. Education: For patients
and staff.

The system provides courses and activities that
will help these actors learn at their own pace
and at the most suitable time based on their own
schedules. The learning, as mentioned before,
will change on each stage (stepwise), so that the
actors will be better prepared without causing
stress or burden due to learning new habits,
adapting to new behaviors, in short periods of
time (or “out of a sudden”), which is one of the
main challenges found in the literature research.

3. Nurses’ tasks: Given the tech-
nological developments, many of the tasks that
are burdensome to nurses can be automized
and done by the system, thus improving nurses’
satisfaction with their job by focusing their efforts
on the activities they enjoy most.

4. Source for research: the data
gathered by the system can be used as input or
feedback on its performance. The system will
feed on new patients, clinical outcomes (data

sets and values) to improve the algorithm for spo-
tting complications and the way it is presented to
the different actors. Additionally, it can be used
as a tool for research clinical management using
data for optimization of processes, medical pro-
cedures, among others. Moreover, this data can
be used for external purposes on other research,
to, for example, extend the learnings to the de-
velopment of clinical decision support tools. This
will allow to “close the loop” and to find new
sources of value on data use as expressed by
some of the experts during the user research.

These tasks are used to classify the different
functionalities/features of the system in

each scenario. In general, these tasks will be
achieved gradually and the focus on each of
them will vary throughout the years. In 2021,
the system will be mainly used for training
the algorithm on spotting the complication
(Research), but also, some will already help
prevent emergencies by the earlier detection
of complications (Prediction of emergen-
cies). By 2025, patient and staff education
(Education) will become the core, due to the
developments of tools to support it and the
increase in awareness and motivation from
the actors. Finally, in 2030, the system will
bring further support to the nurse by taking
care of different tasks (Nurses’ tasks), so that
in the end the four main objectives are fulfi-
lled. Now let’s go more into detail on each of
these scenarios.

First, in 2020 staff is trained to provide care

to the patient and know how to act if help is
needed in terms of medical procedures. In this
stage, there is no real patient education, but they
are mostly informed about the things they need
to be aware of given their diagnosis and treat-
ment. Finally, there is no innovation as the system
has not been created yet, the telemonitoring
proposal arises along with initial planning on its
development.
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By 2021, innovation focus on the development
of the telemonitoring system. In this case, an
algorithm that supports the detection of the
detriment of the patient’s condition is developed
(“Algorithm for adverse events forecas-
ting”), to identify complications on time. Addi-
tionally, a platform that helps nurses to analyze
patient’s data (“Interface for data analysis
and visualization (nurse)”) is created to
enable them to help train the algorithm and
ensure no false positives (or false negatives) arise
from data, like a patient being diagnosed with a
possible complication due to one value that was
a consequence of a mistake in measuring by the
patient. Additionally, patients have a platform

to check on their data (“Interface for data co-
llection and visualization”). The difference in
these platforms complies with one of the issues
addressed in the research when defining the per-
sonas, where they have different requirements
based on their experience and relationship with
technology.

One of the issues from telemonitoring services
found in the research stage was the lack of data
integration, which produced a higher workload
for nurses, who needed to check different inputs
from diverse devices and variables that were
used to track the patient’s condition. In the end,
the patient’s state is the combination of all these
individual measurements and not each of them
separately. In the peri-operative box, a

is possible. Nurses re-
ceive the data gathered from different vital signs
under the same platform, which allows them
to keep the overview of the patient in the same
place, facilitating its analysis.

Being 2025 “The awakening” stage makes edu-
cation a key part of it. Consequently, the system
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Innovation

Complication detection

Education

2020

[+ \

“The planning”

Nurses are trained on how to
monitor in-hospital patients after
surgical procedures, assessing

-
2

their state based on patient’s data
as vital signs, selfreported
symptoms, consciousness level,
among others.

They also learn to provide care
according to the medical needs
and condition of patients, like

administering ~ medication  or
wound care.

Patients receive information about

' Research 7|

their care plan, for example on
expected procedures and clinical
outcomes.

Before being discharged from the
hospital they are informed about
when to contact the hospital,
based on  symptomatology
) (emergencies).

2021

“The exploration”
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Nurses are

trained on telemonitoring
services, on the new care pathway and
procedures. Prior to the implementation (and
at the beginning) they will meet with data
scientists, designers and actors involved in
the system development (engineering team)
and clinical experts (medical team), all of
whom are in charge of the training. The
engineering team explain the way data is
collected (devices used, variables and
measurements) and how it is analyzed and
presented by the system.

On the other hand, clinical experts will
introduce the clinical meaning and implica-
tions of the data gathered so that nurses can
assess the patient’s condition.

For support on the system or devices, or
medical related-issues (data) the correspon-
ding team is contacted.

Patients now receive education by the
engineering team on how to use the devices
for telemonitoring and how the interface
works so that they can look at their own data.

The nurses teach them how and when to take
the measurements and the general meaning
of data gathered for them to have a sense of
their condition and possible complications.

» Algorithm for adverse events forecasting

* False positives/negatives spotting algorithm

* Interface for data analysis and visualization (nurse)

* Interface for data collection and visualization (patient)

2025

“The awakening”

The system will support training through
self-paced courses and videos, that can
be followed “on-thejob”.

Educationis on:

1. Forecasting complication based on
data, to assess the system’s performance
and patient’s condition.
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2. How to educate patients on their
conditionand care. This will be promotedin
professional education itself.

Now that patients receive more
indications on the care plan and their
condition, they can learn more
insightful and in-depth information
about the measurements. For
example, to be aware of and actively
keep track of their recovery by looking
at trends or specific values and its
relation to possible complications.

Education will be supported by the
system, so that it can be done at
home. Nurses will assist in case is
needed.

Relatives will be included in this
education to encourage patients.

* Automatic data check with patient by notification & questionnaires

* Automatic data analysis and prioritization with tables & color-
coding

* Early complication detection algorithm (improvement by
self-learning & nurse’s assessment)

* Complication prediction based on self-reported symptoms & state)

¢ Reminders & feedback for measurement taking

* Chatbot and FAQ for support

* Tips on care at home

* Self-paced virtual classes

¢ Level-based training

* Detailed information on complication detection

¢ Assessment on complication detection (fill-in form and scenarios)

Figure 36. Detailed explanation of the future vision (tactical roadmap).
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2030

“The habituation”

Nurses” role is around supporting and
empowering  patients.  Consequently,
nurses are educated on how to empathize
with patients and their relatives in a way
that they are motivated to take active role
in care and clinical decision making.

Additionally, learnings on keeping an
active listening for patient’s experience are
important to promote a comfortable
environment for patients.

Nurses use data and systems for evaluation
of scenarios of patient’s outcomes and
conditions to optimize procedures and
determine the right timing.

Patients are now encouraged to be more
aware of their health condition. They
better understand gathered data, due to
the education provided by the system on
their condition and care, which helps them
assess their state. Based on data, they
know what are things that might be
harmful or beneficial for them and given
the empowerment from nurses and
relatives, they actively seek for those that
benefit their health.

They will also learn to collaborate with
other patients to build a support network.

* Algorithm for modeling surgical outcomes (parameters,
reports)

* Algorithm for modeling recovery process (parameters,
reports)

* Customized complication forecasting based on pre-operati-
ve telemonitoring

* Customizable care plan modeling

* Patients’ forums
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will ensure that the actors can learn when it fits
them the most and based on their own learning
skills (Self-paced virtual classes) through
online education with pre-recorded videos,
tutorials, infographics and documents on the di-
fferent topics for this scenario (mentioned under
the categories of staff and patient education in
Figure 36). For the specific case of staff, to avoid
spending extra time on this training, the system
will allow for a “step-wise” education (Level-ba-
sed training), where the system will little by
little introduce different functionalities and with
time, reduce its support so that the nurse can
have more control over it. Similar to a videoga-
me, where the user needs to achieve certain
qualifications to continue to the next level. For
example, at the beginning, the system can make
suggestions on different medical conditions of
patients when showing the measurements and
give advice on which measurements to check
and when and later the user can customize these
settings so that it will be less “intrusive” and

fit the user’s own needs. This responds to the
needs of the different persona presented in the
user research.

Nurses are more aware of how the system works,
the measurements gathered, and patients’
behaviors, which will make them be critically
assessing the system's performance. This input
helps to improve the system and thus make
nurses more trusting in it and combined with the
system’s constant learning (characteristic from
machine learning) will facilitate assessing the
patient’s condition on possible complications.
(Early complication detection algorithm
(improvement by self-learning & nurse’s as-
sessment)). Moreover, the system will help the
nurse in data analysis by a smart prioritization of
information based on the patient’s status (Auto-
matic data analysis and prioritization with
tables and color-coding). Patients whose state
is more critical will be presented first so that nur-
ses can adequately allocate resources and their
effort to attend tasks based on the real urgency
and criticality.

Other tasks will be also supported by the system,
as documentation (
), which includes the information on

the patient status and clinical outcomes and de-
cisions. It will thus reduce the burdensome do-
cumentation work of healthcare staff, which was
one of the main issues presented in the research
phase. With the development of their own
platform for online consultations (Integrated
online platform for online consultation (vi-
deo calling)), the system can keep track of them
(by voice recognition) and fill in predetermined
report layouts that include the conclusions of the
patient and can be checked by the specialists

to ensure they include the correct key informa-
tion. Another burdensome activity presented
during the research phase was scheduling
appointments, as sometimes the patients are not
available, or their contact number is not correct.
The system will ensure to get the correct contact
and directly schedule appointments with the
patient via notification when required (Automa-
tic appointment scheduling). Also, by having
access to the specialists and nurse calendar it can
automatically look for a timeslot that is conve-
nient for all the actors. This automatic schedule
is also based on the system’s predictions on
complications. If it shows a high probability, the
system creates a task for the nurse to check on
this data. Once the nurse checks it and agrees
on it being a possible adverse event, the nurse
has the option to send this to the specialists for
further check. The system then creates the task
for the specialist to determine and if considered
necessary, can ask for scheduling an appoint-
ment with the patient.

Here we mention that patients will also be more
aware of the information and their condition,
which in turn can help them know when their
state might be deteriorating. The system even
provides patients with detailed information on
complications, making it very clear to distinguish
when there is one and when it is a normal part of
the process (

). For example, a section
indicating “how much” bleeding is considered
as “normal” after surgery and when should it be
alerting and worth contacting the hospital; or
how should the injury or the scar look like after
certain days and how it should not look like. This
increase in instructions and guidance will help
patients be more assertive when determining if

they have or not signs of deterioration and redu-
ce the stress or worries in case something is not
as expected.

Furthermore, now with patient’s increased
knowledge, they can spot certain symptoms
that can help assess the presence of a medical
condition. Consequently, the system will keep
a constant update on how the patient is feeling
and the possibility for them to report these
symptoms (Complication prediction based
on self-reported symptoms & state), which
are considered when calculating the possibility
of having an adverse event.

Additionally, if patients still are doubting their
state, they can answer these questions by some
tests that the system offer (Assessment on
complication detection (fill-in form and
scenarios)), where based on the symptoms and
measurements the system can tell the patient if it
could be a possible complication. of the patient
with questions on how they are feeling and in
case they do not feel very well, this is included

in the calculation of the probability of an adver-
se event. For example, the patient informs the
system that is not feeling well and even include
external signs (that are not registered within the
measurements of the telemonitoring devices)
like dizziness, headaches, or others. With this
information, the healthcare staff can corroborate
whether they are “normal” in the recovery pro-
cess or if there is indeed a possible complication
and decide how to act.

This increased knowledge can also be stressful
for patients, which is why the system provide su-
pport & help (Tips on care at home, Chatbot,
and FAQ for support) by advising the patient
what can be done in certain situations to improve
the condition and feel better (for example, tips
to keep rest or avoid certain foods). By means of
an FAQ section and explanatory videos, patients
can address topics about a certain device (how
they work, what they measure), measurements
(how to measure a physiological variable, when
to doit), a specific condition or situation (what
possible complications are, how to determine
whether a condition is a possible deterioration
sign), among others. Moreover, a chatbot is
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included so that patients can have support 24/7.
When a question can’t be automatically answe-
red oris not included in the FAQ, the system

will share the question with the e-health consul-
tant (technical) or the nurse (medical) for them

to answer it. If the question is applicable to all
patients, the system will include it, responding
to the need of constantly adapting to the user
needs, mentioned in the user research.

In case patients have a measurement that im-
mediately indicates risk, the system will ensure
that it is not a mistake (Automatic data check
with patient by notification and question-
naires), by asking the patient to repeat the
measurement and some questions to know the
current surrounding conditions (like if the pa-
tient was running and thus has a high heart rate).
With these notifications, the system will present
helpful information to the patient, regarding how
measurements should be taken (steps to follow),
at what moment (conditions around the patient
and environment), common mistakes, among
other aspects to ensure adequate measurements
and discard the possibility of an emergency or

a false positive. For example, if a very high value
of blood pressure is received, the system will

ask the patient to repeat the measurement and
indicate to be careful with the body posture, not
doing it while standing or keeping the arm still
or after prolonged and demanding activity. As
mentioned, the system also asks some questions
on the state (how they feel, the current and re-
cent activity, position, sensors, among others), to
check if certain conditions are met and thus if the
patient is in an emergency. The relatives will play
a key role by helping the system determine the
existence of an emergency and its criticality level
and acting in case the patientis not able to do it
on its own. In case the patient does not respond
to these notifications in a certain period of time
and the variable still presents alarming values,
the system contacts the nurse to raise awareness
of the patient’s condition and assess if the situa-
tion requires immediate action depending on
the level of criticality of the patient’s condition.
Then the emergency services and/or specialists
can be contacted or even schedule an appoint-
ment (automatically by the system) (

).
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Additionally, due to the clinical procedure pa-
tients might not be on their full cognitive capa-
city and they might forget to take some measu-
rements. Here the system will present reminders
(Reminders & feedback for measurement
taking) so that a continuous measurement can
be ensured, and thus informed decisions are
taken.

In this last stage, given the achievement of awa-
reness of staff and patients on the importance of
having an active role in care and s, the education
for both focus more on achieving shared clinical
decision making and overall, not only seeking for
good care after medical procedures but seeking
for an overall healthy behavior that can reduce
the need for clinical attention.

As mentioned in Figure 36 nurses can use the
data and the functionalities of the system to

not only spotting adverse events and thus early
complication detection, but also to perform an
evaluation of the outcomes of the surgery and
the recovery process. Now telemonitoring servi-
ces are used prior to the surgery. This monitoring
is used to assess the adequate moment for the
surgical procedure (Algorithm for modeling
surgical outcomes (parameters, reports)).
To know when the patient’s vitals and the condi-
tion is stable and thus more likely to have favora-
ble outcomes. For example, if a patient who has
a special cardiac condition has been stable and
can have the surgery or if there is some therapy
or treatment needed. To achieve this, the system
provides reports that include the results on the
clinical outcomes and resource usage based on
the patient’s data. These reports can be genera-
ted by applying different parameters (patient’s
comorbidities, the vital signs, the time of the
surgery, among others) to determine the set of
optimal patient conditions and thus the adequa-
te moment for surgery.

These reports can also be used to model the

recovery process (Algorithm for modeling
recovery process (parameters, reports)). As
before, the staff can change different parameters
regarding the patient’s condition, and given
the information of other patient that the system
already has, it is possible to determine possible
scenarios and outcomes. This helps in deter-
mining the resource usage and allocation, by
forecasting the outcomes for a patient and thus
their criticality level after surgery and probability
of needing certain care facilities. For example, if
the system shows a high probability of a patient
developing a complication, given the criticality
of the status prior to the surgery, then the care
pathway can include these possible scenarios
and plan for additional resources.

Additionally, the system considers the pre-opera-
tive data as a baseline on the patient’s condition.
This baseline can be used for setting the thres-
holds on each of the monitored variables, which
will help determine when a parameter is out of
the “standard” values, and to evaluate the pro-
gress (Customized complication forecasting
based on pre-operative telemonitoring).
For example, if the patient has very high values
on the blood pressure on the period prior to the
surgery, it will be very likely to still have those va-
lues high after the surgery. However, this will not
create an alert on the criticality of the patient'’s
status as there is no relevant or critical clinical
event associated with the high values.

The patient’s care plan is first defined in a multi-
disciplinary meeting among specialists and later
shared and discussed with the patient and their
relatives to make adjustments based on their
input and decisions. In the end, a shared deci-
sion is made. Patients are in control of the clinical
decisions and specialists help them unders-
tand the medical context. The system supports
informed decisions by providing data and the
possibility to do an analysis of different condi-
tions, scenarios, and goals, by modeling and al-
gorithms ( ).
For example, if a patient’'s main concern is for

its mobility, what is the most adequate medical
intervention that will benefit this aspect. Further-
more, decisions can be on different steps of the
care pathway, it no longer needs to be evaluated

as a whole, but small variations can be conside-
red, when possible, from specific aspects of the
whole process. For example, if a patient does
not agree on a specific type of medication or
therapy proposed in the healthcare plan, toge-
ther with the specialists they can find another
option that fits the patient’s needs and provides
the desires clinical outcomes.

As explained before, the system will help the nur-
se with different tasks. One of the most burden-
some activities, as stated in the user research, is
handling emergencies. By 2030 the system will
support them by reporting the patient’s condi-
tions in a way that is easy and efficient to commu-
nicate and determine the diagnosis and treat-
ment ( ). These
reports comply with the ISBAR communication
(Introduction, Situation, Background Assess-
ment, Recommendation) (Burgess et al., 2020;
Kitney et al., 2018; Kitney et al., 2016) in which is
clear what are the physiological phenomena that
produced the emergency so that the medical
team can act upon it (Table 8). For example, it
tells the staff the physiological variables that are
out of the threshold, the frequency and duration
of these conditions, and relevant medical bac-
kground of the patient (like diabetes, hyperten-
sion). It also presents an idea on the prognosis
and suggests an action for the nurse to take (like
examinations or medical procedures to perform).
Table 9 presents an example of some information
that should be shared within reports based on
each part of the ISBAR framework.

Furthermore, with the integration of the system
in the nurses’ tasks and working environment,
it can keep track of the time and of the different
activities performed by the healthcare staff on
the platforms (

). This can be done by calculating the
screen-time and the pages/sections that are
visited within the platform. The possibility of
keeping track of tasks by the system enables the
automation of documentation on the tasks and
actions of the nurses (

) to know the status of a patient or the
overall hospital logistics.
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Table 8. ISBAR framework used for handovers in medical contexts.

Introduce/identify the patient,

ldentification own selfand the team

Provide current diagnosis, pro-
Situation blems, concerns and results
from examinations

Relevant medical and support

Background information
Assessment Determine plan for assessment,
& actions treatment and discharge
R ibili Confirm plan for assessment
esponsibility (clarify tasks, timing and respon-
& referal

sibilities)

Also, with the integration of a platform for online
integration from the previous scenario, it will

be possible to include the time spent on con-
sultation. In the end, it will be possible to know
the time and effort spent by the healthcare staff
which is used in smart billing ( ) by
considering the time and cost of these activities
and facilitate reimbursement with third parties.
All this data is further used to improve planning
and resource allocation (

) for hospital and the definition of
healthcare plans and alliances with insurance
companies, by modeling and scenario definition,
again with parameter variation. For example,
what happens if more nurses are hired, would
the process be faster? Or when and where do
they receive more patients? to know what the
busiest times are to hire more personnel or sche-
dule their agendas based on this.

On the other hand, for supporting patients, a
forum will be available for them to share their
experiences, tips, and questions with other
patients (Patients’ forums), which will also have
a positive impact on their interest in learning.
Patients can contact and support each other,
building a community around peri-operative care
and the promotion of healthy behaviors.
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Table 9. Proposal for ISBAR framework in peri-operative contexts (based on Kitney et al., 2018; Kitney et al., 2016).

ldentification

Patient/ Staff members (name, age, team,...)

Symptoms
Level of concern
Procedure
Anaesthetic type

Background

Patient’s medical history (Allergies, Comorbidities, ...)
Relevant recent medical information (diagnosis, vital signs/other measured variables)
Communication difficulties

Assessment
& actions

Current diagnosis

Actions so far

Intra-operative issues (Surgery and anaesthesia)

Current issues:

* Cardiovascular, or respiratory: observations, acceptable limits, therapy

* Analgaesia: interventions to date, ongoing therapy

* Additional needs: medicines, examinations ( x-ray, biochemistry/haematology/...)

Responsibility
& referal

Plan on tasks/actions to be done

Actors involved

Name and contact details

Patient’s (administrative) status (ICU/HDU/ward/discharge home)
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The future of telemonitoring:
Scenario description

With the future vision detailed it was time to see
more in-depth how would it impact the nurse,
the workflow, and logistics on a daily basis to
assess the viability and benefits of telemonitoring
services. This provides a first approach for the
creation of a harmonized service where the

patient and the improvements on clinical outco-
mes are not the only concern, but also the nurse
and the way the service impacts on its role and
working dynamics. Here some situations (scena-
rios) are explained that will help understand the
proposed future and clarify its effects.

In the literature research, it was stated that up to
30% of the patients who undergo gastrointesti-
nal surgeries can suffer from a complication and
need to be readmitted to the hospital. These re-
admissions are not planned and represent extra
work for healthcare specialists and unforeseen
costs for the hospital. When a patient arrives at
the hospital, he/she needs attention from a very
costly department, the emergency department.
These high expenses are due to the need to per-
form many examinations that are unforeseen, ma-
king it more expensive than if a specific number
of resources was previously determined and was
constant. For example, deals with the laboratory
regarding a certain number of tests per week for
a lesser price can’t be made, as each day diffe-

rent patients arrive with a diverse set of medical
requirements. Also, due to the need for these
examinations to be done under the least amount
of time possible given the criticality of the pa-
tients, which require immediate attention. In this
case, if the laboratory needs to have some test
results faster, more resources (or more expensive
and of better quality) need to be used.

Telemonitoring offers a solution to unforeseen re-
admissions, by extending monitoring of patients
to the at-home context. Healthcare staff can
keep track of the patient’s recovery process and
determine whether they might be developing a
complication. With this, they can act on time and
prevent further aggravation and the need for
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clinical intervention, and if case it is needed,

it can be planned. In the future proposed, as
shown in Figure 37, by 2030 the smart system is
able to analyze the collected data from patients
and determine the presence or absence of ad-
verse events. Some of the advantages this causes
are:

A decrease in the unplanned and emer-
gent tasks of nurses by the reduction of unfore-
seen readmissions.

Reduction in the expenses of the emer-
gency department as fewer patients will need
this type of care and more will have planned
interventions within the surgical department.

The reduction of expenses in the overall
hospital as many adverse events can be treated

1. Forecasting complications and adverse events

System analyses trends of
measurements to determine
patterns and thus possibilities

of adverse events

Data received from
patient monitoring

System warns in case a
possible detriment on
patient’s condition is spotted

early so that patients don’t need special care.

Increase the possibility of planning for
resources and better resource allocation given
the extension of knowledge on the patient’s
status and the possibility of predicting and thus
preparing for attending complications, medical
procedures, or other “non-standard” situations
in the recovery phase.

Healthcare staff can better prepare to
attend patients and spend more time with them,
which can benefit the relationship.

Similarly, patients can be better prepa-
red to interact with healthcare staff and be part
of clinical decision making

If needed patients are informed on
their condition and actions to take
to avoid further deterioration

(

- — \
Based on the pre-

information if the
specialist considers it
necessary, the system
schedules an
appointment.

Figure 37. Prediction of complications in the future of peri-operative care with telemonitoring services.
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Before, we mentioned that many of the issues
about the current state of nurses’ workflow in
peri-operative care were around emergencies.
Most of these emergencies relate to the readmis-
sion of patients to the hospital. In these situa-
tions, the patient arrives at the hospital scared
and confused by the medical condition and the
staff needs to do a lot of examinations to deter-
mine the cause and diagnosis of the patient, as
they lack information on the patient’s condition
outside of the hospital. With this data, they can
make informed decisions to prescribe a treat-
ment and help the patient recover. All these extra
examinations require a lot of time from the nurse,
who needs to take samples from the patient, take
them to the laboratory or even prepare patients
for certain procedures. On the other hand, the
patient needs to stay within the emergency
department for some time, even if the situation is
not critical, to provide an adequate care plan to
patients. This also causes unnecessary use of re-
sources, like bed and monitor occupancy, which
could be used for patients who have a more
severe condition and require close monitoring.

Thanks to telemonitoring, all these issues can be
addressed. As we can see in Figure 38, by 2030,

when patients go to the hospital due to an
emergency, the staff will already be informed of
their state, so the need for extra examinations is
reduced, only those procedures that could not
take place at home will be performed in case
they are needed for the diagnosis and treatment
definition. Also, thanks to patient education

and empowerment they will already have some
knowledge of their condition, which will benefit
the interaction with the nurse and help them

be in control of the medical decisions. All this
creates:

A reduction in the time spent on proce-
dural and administrative tasks of the nurse and
will in turn increase the time with the patient.

A decrease in the time patients spend in
the emergency department, improving resour-
ce allocation and reducing the costs for these
activities.

Anincrease in nurses’ satisfaction with
their tasks and the working environment.

As mentioned in the research phase, nowadays
patient monitoring implies gathering a lot of data
to get the most adequate picture of the patient’s
condition and make informed decision. As men-
tioned before, when attending emergencies, a
lot of data needs to be collected. Patients can’t
be assessed on solely one variable or symptom,
but on the combination of multiple of them.

This data is normally collected separately, which
gives a fragmented overview of the patient. For
example, a nurse measures the heart rate of the
patient and sees that it is elevated, then measu-
res the respiratory rate, which is also elevated, if
she doesn't consider that the patient had recent-
ly been in a rehabilitation activity, she might think
the patient’s condition might be deteriorating.
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2. No extra examinations for medical interventions/emergencies

Requirements

Time on diagnosis/procedures

Time with patient

&

m Current state /
m Last hour state

m Last 3 days state 7 clinical decisions

_» Updated patient data available

Rapid and informed

Decision: interve!

ntion /

“The nurse clock”

-,

Continous

measurement device

Figure 38. Examinations needed for emergency care in the future of peri-operative care with telemonitoring services.

Alternatively, if a nurse only looks at the heart ac-
tivity, as it presents normal values, she might miss
the possibility of detecting pulmonary problems
and consequently, overlook a possible compli-
cation.

In the proposed future of 2030, as Figure 39 pre-
sents, these issues are solved with the integration
of data through ISBAR-based reports. Once at
the hospital, the healthcare staff is already aware
of the condition and the trends or behaviors

that led to the emergency given the information
collected and reported by the system. Then, the
patient can be easily and seamlessly transferred
from the emergency to the surgical department
and already start with the treatment, or medical
interventions needed. Once again, the is redu-
ced and thus its costs.

Finally, as this information is also available to the
patient, it can help them understand their condi-
tion and have more informed and clear conver-
sations with the healthcare staff (Figure 40). This
last point does not only cover emergencies but

the overall understanding of patients regarding
their condition, for example, for assessing the

care plan and actions taken by healthcare spe-
cialists, making patients active actors in shared

clinical decision making. With the information on

their medical condition, on the complications,
the measurements themselves, and reports ge-
nerated, the patients have extensive knowledge
to effectively communicate with healthcare staff.
In the end, this scenario leads to:

Reduction in the time spent in emer-
gencies by the emergency reports that speed
the process given its effectiveness in information
transfer.

Decrease in the need for the use of
resources in the emergency department and
thus on its costs.

Increase in patients’ confidence and

ease of mind when in an emergency given the
availability of data about their condition and their
understanding of it.

Increase in mutual understanding
between the healthcare staff and the patient,
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given the shared knowledge on the patient’s
condition.

This last point in turn improves the rela-
tionship between these actors.

3. Emergency report using ISBAR communication

Name: John Bus

TQHR | SPO,

3h 30 minutes
Diabetic

Possible septic check

T P> mW0n—

Blood test for infection

Telemonitoring
detour

Surgical

department

Non-telemonitoring
route

Emergency
department

Figure 39. Information sharing for and during emergencies in the future of peri-operative care with telemonitoring services.

False positives (or negatives) and non-actionable
alarms were part of the challenges found from
the research phase. Given the large amount of
data and the differences among patients, it can
be very difficult to establish standard values for
thresholds on the measurements gathered du-
ring monitoring. For example, determining if a

patient is hypertense depends on the normal
value of their blood pressure, which also differs
with age and other conditions. For instance, a
patient older than 70 years old will have signifi-
cantly higher blood pressure values than a pa-
tient who is 30 years old and if the system has a
standard threshold, then if it is too low (to detect

107



108

3. Shared decision making and improved understanding

Nurse accompanies
and teaches patients

Nurse supports patients,
feel empathetic with
them and actively listen

(o

——

D=

Patient understands
clinical context

their condition and feel

Patients are aware of
\ empowered to contribute

O More fluid and clear
conversation

Figure 40. Communication among nurse and patient in the future of peri-operative care with telemonitoring services.

when the pressure of the younger patient is high)
might indicate that the older patient is hyperten-
se, when the reality is that it is his normal state.
On the other hand, if the threshold is too high

(to detect when the pressure of the older patient
is high), then the system might not detect that
the younger patients are hypertense. As we can
see, these false alarms result in extra work for
healthcare staff. For the case of a false positive

(a complication was detected when there was
none), they needed to do extra examinations that
were not necessarily or even interrupt certain ac-
tivities to attend the emergency. Moreover, when
there is a false negative (a complication was not
detected when there was one), it might lead to a
life-threatening situation and the need for more
urgent care for patients, which turns into more
workload, stress, and costs.

In 2030 (Figure 41) the smart system will reduce
these situations by ensuring that a value collec-
ted from the measurement represents a real
clinical condition and thus, need to be attended.
By checking with the patient, asking to corrobo-

rate the measurement and further background
on their current state, the system can easily

spot false positives. Furthermore, with constant
check-ups on the patient’s self-reported symp-
toms and their state, the system can have more
informed decisions on the possibility of develo-
ping a complication and keep an eye for “difficult
to spot” cases that tend to end up as false nega-
tives. This can even help the nurse understand
the patient’s mental state, whether they might
be feeling depressed or anxious so that they can
provide emotional support. This translates into:

Reduction in the workload of nurses by
the decrease of sudden tasks that are caused by
false alarms.

Decrease in the unnecessary use of
resources for responding to non-actionable
alarms, like false positives and thus reducing the
expenses (resource and time consumption

Increase of patient’s awareness of their
condition with the regular input of their self-re-
ported symptoms and their state/how they feel,
asked by the system.

Improvement on patient’s measuring
procedures by the feedback given from the sys-
tem when asking to corroborate measurements.

4. Corroborate measurements

Corroborate measures
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Increase in the nurse’s knowledge
on the patient’s condition and self with the
provision of information regarding patient’s own
perception of their condition.

Better relationship between the nurse
and the patient by the emotional support pro-
vided and the improvement in their connection
by the increased of knowledge on the patient’s
mental and emotional state.

Ensure patient
measures correctly

Please repeat
the measurement l

Remember thz ¢

How are you
feeling?
g Assess ifits a real

emergency ora

/ false positive
‘ 4

Figure 41. Validation of patient's measurements in the future of peri-operative care with telemonitoring services.

Not only there is a lack of information on the pa-
tient's condition outside of the hospital context,

but also, on the possible risks and outcomes of
surgerical procedures based on different factors.
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These can be very complex analyses, as many
variables play a role in these decisions. For exam-
ple, how is the patient before surgery (medical
conditions), the performance of healthcare staff
on the surgery, the availability of certain resour-
ces, among others. Technology offers a solution
by prediction algorithms where multiple situa-
tions can be created and the system determines
the outcomes for each of them and can reveal
which one brings the most benefits or risks.

With the improvements of the algorithm for the
smart system, it will be possible to not only fore-
cast complications but also to explores possible
scenarios on the outcomes of the surgery based
on different factors like the patient’s condition
(pre-operative monitoring data, right before
surgery, comorbidities), the performance of the
surgery, among others. With this, as seen in Figu-
re 42, healthcare staff can “play around” with

these factors and see possible outcomes and
risks they need to be aware of. If a patient is for
example diabetic or is hypertense right before
surgery or if the surgery had certain complica-
tions and thus be aware of possible problems or
risks. This modeling will provide:

Improvement in risk mitigation by an
analysis of possible scenarios.

Better resource allocation with the infor-
mation on the probabilities of its use.

Better preparation of healthcare staff
regarding the procedures given the knowledge
of complications or events that are more likely to
happen.

5. Prediction, prevention and preparation for surgery and clinical outcomes

(© )
Scenario exploration

for surgery y

appointment
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\_ / )\\
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Guidelines for
care plan

\
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1 L) Complication
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surgery
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Figure 42. Use of smart system for the prediction of surgical outcomes in the future of peri-operative care with telemonitoring services.
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In previous sections, actors were mentioned to
explain how the future vision will look like in the
hospital context with ongoing surgical procedu-
res. New actors appear given the changes in the
services and the appearance of novel activities
and tools. Also, current actors will have modifi-
cations on their existing actions to perform new
ones and avoid those that were a burden. All
these situations bring questions around the roles
and responsibilities of the stakeholders. Some of
them are:

Who will be in charge of a certain deci-
sion or activity? Who is responsible for a
specific action? Who is involved during

certain procedures and who is not? How
will actors interact with each other?

With telemonitoring services come with inexis-
tent tasks that need the definition of strategies
and guidelines so that their implementation is
feasible and free of inconveniences. For this, an
analysis of the interaction among the main actors
involved in care provision to the patient is pre-
sented for the different scenarios present in the
future vision. Figure 43 gives an overview of how
the relationship among actors would be on each
scenario, the main actions and responsibilities of
each of them, and their interdependencies.
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Actions/medi-
cal outcomes

Care Data Data

Clinical
—
decisions

2020

Before the implementation of the box (telemonito-
ring services), there are three main actors involved
in patient care: the nurse, the specialist, and the pa-
tient. The interaction among them is only possible
when the patient is at the hospital, as care is only
provided there, limiting the time and place where
information can be collected and the patient can be
monitored.

The patient has a very passive role. The healthcare
staff provides them with indications and information
about their condition and the medical procedures
that they are advised to take. Decisions on the
clinical interventions are mainly taken by the spe-
cialists, who is the most knowledgeable actor and
the one who has “the final word”. These decisions
are based on the information of the patient’s health
status. This information is provided by the patient
from the examinations prescribed by specialists to
understand and determine the diagnosis and most
adequate treatment for the physiological phenome-
na.

The nurse on the other hand focuses more on
providing care to the patient when they are at the
hospital and monitoring their recovery process by
checking on their vital signs every certain time and
acting when needed.

Care J Data Actions/-
o . medical
nformation outcomes

Training
‘ Data Data

Parameters
Feedback

Clinical
decisions

2021

In 2021, thanks to the implementation of telemonitoring
services, now a new actor is introduced: the system. This
is seen as an enabler and connector among the different
actors, through the data that it gathers from the patient’s
monitoring.

The patient still has a passive role in the definition of care,
as the clinical decisions are mainly taken by the specia-
lists. However, now the patient has an active role by
taking measurements to help with their recovery process.

The system supports specialists with decision-making.
Specialists need to adjust the system to the patient’s
personal needs to ensure that adequate care is provided.
They also evaluate the system’s performance by a critical
analysis of the results.

Finally, the nurse are now responsible for training patients
on monitoring from home and their condition so that
patients can have an understanding of their status throu-
ghout the recovery process.

Information Data
Feedback
Feedback | | Data Data
Parameters
Questions
Care Actions/-
Information medical
outcomes
Clinical
decisions

2025

As mentioned before, by 2025 automatiza-
tion of telemonitoring services is reaching
its peak, thus, many tasks can now be done
by the system. For example, the nurse no
longer needs to be fully dedicated to edu-
cating patients, but this task is supported by
the system. Only if required by the patient
or in specific cases (questions, clarifications)
the nurse will help them. This ensures that
the nurse focuses on providing care to

the patient and support. Feedback to the
system can be also given by the nurse, who
now has more knowledge and abilities on
telemonitoring patients and can be critically
assessing the system’s behavior.

Now patients are empowered to be part of
the clinical decisions. With the training and
awareness on their medical condition, care
itself, and monitoring, their input is valuable
and there is a shared decision-making pro-
cess between the patient, the nurse, and the
specialist, who is still in the lead.

This scenario starts to include the patients’
relatives, where they also have an active role
and support and motivate patients on their
tasks.
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In 2030 the focus of peri-operative care is on the shared
clinical decision-making process between the specialist,
the nurse, and the patient. Patients now have the control
and are very active actors, who can contribute to their treat-
ment by providing insights on their condition. They are
also more conscious about their health and the recovery
process and even be aware of patterns that might be harm-
ful or healthy for them so that they can start implementing
the ones that benefit them by their own initiative.

Now the nurse focuses more on providing support to pa-
tients emotionally, by creating communities and training on
emphatic communications and a better understanding of
patients. Nurses now have more time with patients as many
administrative tasks are done by the system.

Finally, the specialist is part of telemonitoring activities
when a specific action or decision requires high-level
knowledge or abilities. This allows specialists to focus on
other more urgent, critical, and complex tasks.

Figure 43. Interaction among the different actors involved in patient’s care throughout the journey regarding implementation of telemonitoring services in peri-operative care.
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The challenges
and the design

Table 10. Overview of the challenges addressed by the design interventions.

intervention

With the design proposed, itis now time to see
how the different challenges presented in the
research are addressed. Table 10 presents the
challenges that have been addressed by the
design intervention and the outcomes or the
benefits that it brings to the different stakehol-
ders involved in these services (like the nurse, the
patient, the hospital) and to the overall logistics
around the patient’s peri-operative care.

Category Challenge

Data False alarms

Unclear & lack of integration

Tasks High workload

Lack of/unclarity in reimbur-
sement policies

No protocols

Actors Various actors involved (di-
fferent schedules)

Differences in goals and in-
terests among actors

Mindset Trust in smart systems

Design intervention

Automatic data check with patient by notification &
questionnaires

Assessment on complication detection (fill-in form and
scenarios)

Regular questions on patient’s status and self-reported
symptoms

Detailed information on complication detection

ISBAR-based reports or emergencies

“On-the-Job” training

Automation of burdensome tasks (charting, documenta-
tion, scheduling appointments, task creation, patient’s
information sharing among specialists, billing)

Chatbot and FAQ for support

Reminders & feedback for measurement taking

Smart billing, automatic activity and time tracking

Algorithm for scenario/activities/performance evalua-
tion (data modelling)

Integrated platform for online consultation

Automatic task creation & appointment scheduling

Customized options for degree of support of the system

Level-based education

Nurses’s active assessment and input on the algorithm’s
performance

Automation of burdensome tasks (charting, documenta-
tion, scheduling appointments, task creation, patient’s
information sharing among specialists, billing)

Modelling of surgical outcomes and recovery process
(Algorithm for modelling surgical outcomes & recovery
process, Customized complication forecasting based on
pre-surgical telemonitoring)

Outcomes/Benefits

* Reduce workflow disruption of healthcare staff

* Reduce false negatives

* Increase heathcare staff’s understanding of patients’s
physicial, emotional and mental condition

* Increase patient’s empowerment & inclussion

* Reduce workload on healthcare staff
* Reduce time & resource usage for diagnosis & treatment
of emergencies

* Reduce workload on healthcare staff
¢ Increase time with patients

* Increase healthcare staff’'s motivation for smart systems
* Improve definition of policies and logistics with insurance
companies and healthcare entities

* Service and process optimization
¢ Better resource allocation

¢ Reduce staff’s workload
* More efficient time allocation

* “Persona-based” education
* Improve healthcare staff’s staisfaction with the system

* Increase time with patients

* Better resource allocation

* More accurate care planning

* Improve healthcare staff preparation for care plan im-
plementation

* Support/facilitate clinical decision making

¢ Informed clinical decision making
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By the creation of a future vision, it is possible to have a guide for the implementation of
telemonitoring services.

Here, it is proposed that through education of staff and patients and innovation, it is
possible to provide a telemonitoring service that reduces the number of medical pro-
cedures and transforms emergencies into elective procedures. Additionally, research is
seen as the “meta-enabler”, an engine or a fuel, as it is a means for both innovation and
education to be developed and implemented.

In this scenario, patients are empowered to actively seek for their wellbeing and are gi-
ven the tools to be more knowledgeable and aware of their condition. Staff on the other
hand becomes more conscious of the need of being a support for patients and recogni-
zing them as part of the clinical decision making. They also see the potential of techno-

logy and promote its use in studying surgical outcomes based on different conditions

and the prediction of adverse events to prevent complications.

In the end, this brings benefits as better resource allocation, reduction in unforeseen
situations and emergencies and thus in hospital's expenses, increased nurse-patient
time, with an improved quality, given the extension in their mutual understanding and

consequently, an enhance in their relationship and personal satisfaction with the service.
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Feasibility & viability

With the design interventions detailed, it was now time to reflect on the
outcomes. This chapter includes the conclusions of this reflection on the pos-
sibility of implementing these services in a real-life context. Here, the reader
can find some recommendations on next steps and things to consider for

the future of telemonitoring in healthcare, especially in peri-operative care,
based on the research performed; and limitations of the design with some
considerations around them.
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these actors, making a more cohesive ecosys-
tem. Frow et al. (2016) states some of the bene-
fits of co-creation in healthcare contexts like:

> Recommendations
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This project presents some recommendations re-
garding the implementation and development of
telemonitoring strategies in healthcare contexts,
based on the research and design work done for
peri-operative care, specifically, the peri-operati-
ve box project.

Validation

To ensure the adequate implementation of tele-
monitoring services within peri-operative care,
the design interventions need to be validated
with experts and users to ensure that the pro-
posals are an adequate fit to the environment
and the needs. As mentioned by Nijland et al.
(2008): “The use of scenario-based tests com-
bined with in-depth interviews proved to be a
powerful method for describing and identifying
user problems and for supporting the re-design
processes of the Internet-based applications

for self-care”. In this case, for testing the future
vision, this is a very suitable approach where the
input from healthcare staff and stakeholders from
this context can be considered. This allows to
further iterate on the proposal and improve it, so
that the future presented is a desired, feasible

and a viable one. The different scenarios pre-
sented in this document can be used during a
session with the stakeholders, where they can
give feedback on the proposals, how helpful
and impactful are they, or how intrusive and
unnecessary. Also, this can help determine the
key aspects for the different stakeholders and
differentiate them from the ones that are not as
crucial, to set the adequate list of requirements
for the design proposal.

Co-creation in healthcare contexts

As mentioned before, validation with the stake-
holders is crucial for ensuring the adoption and
adequate implementation of a service. Howe-
ver, involving actors only at the last stage of the
design process is not the most efficient strategy,
as the final design presented might not be the
adequate for them, but no “core” changes can
be made at this point. Co-creation appears as

a solution to this situation, where actors are
actively engaged in activities to collaborate

on the design process. By including different
stakeholders, their diverse set of needs can be
addressed and can even promote the creation of
“bonds”, interaction and collaborations among

Harnessing the active involvement of par-
ticipants and strengthening the relationship
with them.

Empowering participants by providing
shared responsibility and a feeling of owner-
ship.

Sharing resources and knowledge that
enhances new product development.

Providing and building a network for
solutions.

Contributing to the well-being of a service
system by promoting cohesion.

Development of telemonitoring services,
especially of smart systems, benefit from
co-creation. One of the outcomes of the user
research was the persona definition, where
based on the experience and characteristic
behavior of nurses, they interact and have
different perspectives on technology. If both
personas are included when creating the
systems, then the project team ensures that
it fits the needs of all the actors and not only
a part of them. In general, when co-creating,
the team in charge needs to keep in mind
the needs of the actors involved and not only
the technological possibilities or proposals,
as users should not be the ones adapting to
these solutions, but the solutions should be
the ones that adjust to the user context and
provide a support to the challenges.

As mentioned before, co-creation also
allows for keeping all the stakeholders under
the same goal, which results in cohesion

in the ecosystem. By bringing all the actors
together, they can interact and learn what
are each other's pains, gains and objectives,
so that together, they can gettoa “common
ground” where the proposals benefit all of
them. Many times, innovations only consider
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one party, for example, in healthcare, focus
on the patient’s outcomes and experiences,
leaving aside the healthcare staff. If co-crea-
tion is part of the design process, then staff
can be heard, and their needs would be
integrated with the ones of the patient. This
can be extended to as many stakeholders as
the ecosystem includes, which takes us to
the next point.

The quadruple aim

It was mentioned the importance of addressing
the goals and needs of the ecosystem's stakehol-
ders and of having all of them under one com-
mon goal that drives the innovation. In healthca-
re this can be described as he quadruple aim, an
approach in which innovations should (Boden-
heimer & Sinsky, 2014):

Improve the health of populations
Enhance the patient experience of care
Reduce the per capita cost of health care

Improve the work life of health care provi-
ders, including clinicians and staff

Telemonitoring services many times don’t com-
ply with the quadruple aim, as seen from the
user research, where their implementation does
reduce costs and improve clinical outcomes, but
at the expense of overburden staff. Consequent-
ly, when developing these systems the different
actors involved should be considered when
assessing the impact of these solutions on their
daily lives and routines. Also, the changes that
the adoption of these technologies bring to the
dynamics of the activities of the actors and the
relations among them. One of the challenges
found from the literature review was the lack of
protocols or standardization of practices. This
was corroborated by experts who expressed
their concerns on unclarity of the roles and the
responsibilities of the actors in these systems,
which are not always considered prior to their
implementation. This project presented a first
approach on the changes of the roles and
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responsibilities of the main actors involved in pe-
ri-operative care. However, these dynamics need
to be validated and updated once the system is
implemented, as with practice logistics might
change so that actors feel more comfortable and
develop habits around the new practices.

Development of smart systems in
healthcare contexts

The development of Smart systems should invol-
ve different specialists. In healthcare contexts,
there is a need for technical knowledge for the
creation of algorithms that ensure that the system
complies its function, but also, there is a need
for medical knowledge to determine the clinical
relevance and impact. This is especially true

for systems that serve as a support in decision
making, where the data gathered is analyzed and
processed by a system, by using logic, mathema-
tics and other abstract processes. However, this
data needs to be based on certain medical para-
meters. For example, as mentioned in the design
phase, a complication on the patient’s status

can be spotted when one or more vital signs are
outside of their thresholds. Moreover, the data
presented needs to have clinical relevance and
needs to be understood by professionals so that
they can act upon it. If a number of the probabi-
lity of the patient developing a complication is
presented, this has no impact on the staff's deci-
sion, unless the system explains how this pro-
bability was calculated, whether this is because
certain values are not on their standard level, or
because the patient presents some symptoms
that might indicate an adverse event.

Athird role is also important to allow the cohe-
sion between these two previous parts mentio-
ned (technical and medical) and is the designer’s
role. By design it is possible to integrate these
two perspectives and understand the require-
ments from each side to create common guide-
lines that address both of them. Furthermore,
designers can help determine the data needed
to create the systems’ interfaces so that users
can get the most out of the system. For example,
what information should the system present to
the healthcare specialists so that they can trust

the decision made by the system, but in a way
that does not take much time or effort for them
to understand it and analyze if it makes sense and
fits their “intuition” (presented in the research as
a main resource when assessing patients’ state).
In other words, what, how, when to present data
that leads to a clear and effective outcome, with
the minimum viable effort from the users but
without compromising their independence and
criticality.

Trust in smart systems

Smart systems can’t simply be developed and
immediately be operating. The implementation
of technological innovation comes with some
barriers as people are not used to the way they
work, for example, that now some tasks are not
needed as they are automated. Consequently,
trust needs to be developed among the actors
involved. To ensure this trust, the expectations
and goals of the users should be considered.

In the specific context of healthcare and of this
project, the systems developed for supporting
healthcare staff on their job need to automa-

te those tasks that are burdensome to them,
and not those that they enjoy. For instance,

the system should perform tasks that are more
administrative or procedural and do not require
the abilities of a nurse, but the system should
not be the one in charge of providing emotio-
nal support to the patient or taking care of their
wounds of their condition, as this is something
that nurses appreciate from their profession, as
stated in the user research with the booklets and
interviews. Clarification on the burdensome VS
pleasant tasks should be made to prioritize on
the system’s functionalities.

Data collection

As mentioned in the research phase, the heal-
thcare context is very complex, and innova-

tions need to comply with many requirements,
standards and certifications. This implies a long
process of validation to demonstrate that the
claims are fulfilled, and that safety is ensured. For
innovations to be accepted, first testing in labo

ratory and controlled environments is needed, to
be able to test it in the real context, as a clinical
trial. These trials require gathering a lot of data to
guarantee that the medical innovation was tested
under different conditions and for different types
of patients, to reduce risks of possible negative
or side effects. This is not always an easy task

as many actors are not willing to perform extra
activities or consider them burdensome. Telemo-
nitoring services bring a solution by providing
automatic data collection and analysis.

Furthermore, this data gathered by telemonito-
ring opens a door for medical research in which,
by studying patient’s cases, better and more ex-
tensive understandings can be developed about
certain conditions. For example, by examining
whether patients who suffered from diabetes

are more or less prone to developing an specific
adverse events; or what are the effects of parti-
cular medications or therapies on the likeliness
of having a faster recovery. Not only is research
for peri-operative care, but it can also contribu-
te to the creation of a big data set that can be
used in academical clinical research for studying
a disease or a treatment; or patient’s or staff’s
behavior in regard to certain procedures; or
even hospital’s logistics around implementation
of technology on care plans. Smart systems can
be improved to support data classification for re-
search purposes, so that depending on the need
of the researcher, a data set can be used. For
instance, for research on patients with cardiovas-
cular problems who undergo surgery, the system
can filter those whose medical file included this
comorbidity.

However, these services need to be careful with
data privacy, as it is sensitive information. This
data should be anonymized from the patient'’s
identity once it is part of a research data set, so
that the person itself is not known, but the data
can still be used and benefit research. This will
also avoid legal issues, and lack of collaboration
of actors, who are not always willing to share
their personal information, specially, as seen in
the trend analysis, with the increasing conscious-
ness on data availability and uses from compa-
nies.
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Home Centeredness

In this project, the home context is presented as
the core of care in the future. The transformation
of healthcare from a corrective to a more pre-
ventive role, where by education of patients and
innovations that allows this education, they can
be empowered to actively seek for their wellbe-
ing. Additionally, by innovating on new ways and
methods for medical interventions, it is possible
to expand the hospital to the home, providing
care to more people and reducing the costs of
the hospitals, which can be fully dedicated to
attending emergencies and complex procedures
that require higher levels of expertise and more
sophisticated technology and resources.

This process should start by making patients awa-
re of the need of having a proactive role, instead
of a reactive attitude. Once this need and desire
is “awakened” in patients, thanks to the tools pro-
vided (by education and innovation) they can and
will actively seek for their own care. This is also
true for staff, where they will get more conscious
about the importance of including the patients
and empowering them so that better care plans
and outcomes can be obtained.

Further use

As presented at the beginning, this project is

part of a large initiative of the implementation of
telemonitoring services in different contexts. The
learning from these previous projects have been
used in its variations for having a better understan-
ding of how things work and ensuring its success.
However, these learnings need to be translated

as the needs and conditions between projects
change and thus, not all the proposals are valid. In
general, the learning of this project can serve as a
basis when developing smart systems that have a
supporting role in clinical decision. It is important
to document and keep track of the feedback and
process of these projects to have information on
the iterations and reasons behind changes. This
will help in new projects where the team can study
the experience of previous projects with similar
contexts or situations, and check whether some-
thing is valid or not and up to what point or stage
it can be applied.
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Limitations

Strategies in healthcare domain need to consi-
der a very broad system that comprises different
stakeholder with different needs and goals. In
the specific case of telemonitoring, it brings

the possibility of including the home as a new
context and expanding care but this comes with
additional complexity given the extension of the
stakeholders, the settings, and the resources.
This all might lead to ambiguity among project if
the changes are not planned adequately or if not
all the stakeholders are considered (Kallinikos et
al., 2013). Here is where design play an impor-
tant role by providing tools to ensure collabora-
tion and interaction among the actors (Sanders
& Stappers, 2008) and the creation of an ecosys-
tem where a “greater goal” is aligned with the
goals of each stakeholder. The creation of this
common vision also ensures, that the overall ser-
vice is delimited and helps determine the roles,
responsibilities and gains of all the actors.

Some of the changes that telemonitoring brings
is that now the patient needs to be considered
as a more active actor, who plays a crucial role in
decision making. And not only the patient, but
also his/her relatives and close circle he/she
lives with. By introducing care into the home

environment, patient’s habits and behavior
outside of the hospital will be unraveled and
need to be contemplated for the service defini-
tion. For example, if patients need to go back
to work as soon as they are discharged from

the hospital, will they get time for taking the
measurements? Will this be a burden in their (or
their relatives) daily schedule? Will their relatives
be able to help them? Among other issues that
might appear on the way.

Extending the care to the home context allows
for getting more information on the patient,
which turns into having more informed decisions
and control over the care plan. However, there
are still many variables that are out of the control
of the staff, the system and even from the scope
of telemonitoring services. This is due to the

lack of information around the home dynamics
and its changing nature. One patient might be
comfortable staying at home and have the possi-
bility to have someone who can help with care;
another patient might want to keep with his nor-
mal itinerary and go out; all these things need

to be considered when defining the monitoring
activities and possible guidelines around them.
Additionally, taking these services to a

context where the nurses or the specialists are
not all the time with the patient ensuring that
they take the medicines or do certain activities,
will require a commitment from the patient to
fulfill their responsibilities.

The peri-operative box is an initiative from the
LUMC, given the success of other “Box pro-
jects”. However, its context differs, asitis a
service for a shorter period of time, where the
monitoring of patients is limited to the peri-ope-
rative period and not for a daily basis to supervise
a specific health condition. The strategies used
in the existing boxes can not be implemented

as they are, but they need to be adapted to the
specific conditions of the peri-operative period.
For example, for the cardio box, patients get
monitored for months and the measurements are
checked by the nurse once every week or even
two weeks however, for the peri-operative box,
these checkups need to be regular, if necessary
more than once per day, so the logistics around
them need to be adapted so that the nurse
doesn’t feel burden with the extra tasks.

The system plays a vital role in telemonitoring

as it will support the healthcare staff in many

of the tasks. For this assistance to be effective,
there should be a well-established and accepted
relationship between the staff and the system,
where trust is the basis. Developing trust in these
systems requires time and iterations for the nurse
to feel comfortable using the input from the
system on their daily tasks and allow it to take
control of some of their tasks, especially those
that are burdensome for the staff (documenta-
tion, appointment scheduling, among other
administrative tasks). Even though trust takes
time to develop, intermediate results need to be
achieved so that the benefits of telemonitoring
services are perceived and this initiative continue
to be supported by providing resources for con-
tinuous improvement and development.

In addition, not only trust is a challenge for
acceptance among staff, but also the need for
changes and adapting to the new situation, that
bring novel roles, activities and the need for
other skills. Staff might not feel entirely comforta-
ble with this and even be reluctant with the new
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proposed roles. This makes co-creation a crucial
part when developing telemonitoring strate-
gies, to understand and address staff’s needs
and make systems fit them and not the other
way around. Additionally, having enthusiasts of
technology or defenders of these services (or
so called, champions) promoting their imple-
mentation will help with its approval among the
personnel.

Time and resources are not only needed for the
development of a system that staff can trust,

but also for the development of a service that
complies with the need of the at home context.
As mentioned above, this new environment has
many unknowns and new variables, which is why
the current protocols and activities done at the
hospital can’t always be directly implemented.
Further research and various phases of testing
and validation should be done on the mecha-
nisms that will work for the at home care. For
example, after discharge, the recovery process
is not entirely evident to patients. Defining clear
guidelines on issues like complications (what
type of bleeding is severe, standard values of
vital signs, expected symptoms after surgery,
what is normal to see on a scar) is needed to su-
pport the patients at home and even to forecast
complications.

This provides room for new opportunities,

which is where the second stakeholder, Philips,
appears. The company provides a tool, the Heal-
thdot, which can be more suitable for this type of
service. The Healthdot enables continuous data
gathering from the vital signs and thus, regular
checkups on the patient’s condition, which are
the main source when assessing complications
after surgical procedures. Nevertheless, its
impact has not been assessed and the benefits
have not yet been proven. This makes its adop-
tion challenging for the hospital, as it requires
certain changes within the organization, that
might result in conflict of interest.

Furthermore, these new telemonitoring services
offer the possibility of getting more data about
the patient’s status, through the measurement of
different physiological variables with the devices
in the box. Having continuous measurements
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of data gives more information to specialists on
the patient’s condition. This enables clinicians to
get more insights and discover possible medical
conditions that were not aware of before, as
they only saw the patient for specific and short
periods of time. For example, by using the box,
the healthcare staff can see periods of abnormal
heart rate that could be a sign for a cardiovascu-
lar disease. One possible consequence of this

is the increase in medical procedures, as more
diseases or conditions can be spotted. Never-
theless, this also leads to more awareness and
prevention towards these conditions, and boost
research on the causes to prevent and diagnose
them, their consequences, and treatments.
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Reflection

A final part is the reflection on the overall design process. This chapter
presents some of the challenges faced during the completion of this project
and some of the strategies used to address those challenges, along with
some recommendations for improvements and future assignments. Finally, it
presents a conclusion regarding the design outcome and the main findings
from this project.
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The last part of the design process should
include a reflection on the outcomes and overall
performance so that they can serve as an input
for improving future work. Here, reflections are
made around certain topics such as how are
innovations in healthcare contexts, the design
process and methodologies used for these in-
novations and a more personal statement on the
professional development of designers.

Innovations in healthcare contexts

This project shows the complexity of innovation
around healthcare. On its initial phase, there
were many delays due to organizational issues,
as there were conflicting interests between the
stakeholders involved. Even though both the
LUMC and Philips seek to provide solutions to
medical challenges, they need to comply to
different requirements. Problems that con-
tribute to society (for example, improve of
health conditions) can’t be isolated from the
economic or political circumstances, thus
business model and financial interests are part of
the equation of solving healthcare challenges.

Although there was already a proposal ready

to be implemented, there were other indirect
factors that hindered its execution. For example,
the approval from the management department
or the resistance for changes in the internal logis-
tics: the individual interests of the stakeholders,
which sometimes can’t be reconciled; among
others. Furthermore, the versatile environ-
ment where at different stages new actors
need to be incorporated to fulfill require-
ments specific to the medical field, such as clini-
cal trials or quality standards. This is also seen
when projects do not include the end-users, as

it might fail to include some dynamics or agents,
translating into inefficiencies and initiatives not
being implemented. For example, in current
telemonitoring solutions, when nurses are not
considered, there is a misalignment in needs,
leading to not focusing on the right problems.

The design process

The design process followed in this project
stimulated its completion as it provided steps
and guides that ensure a direction. The division

of the project in phases was an aid when feeling
lost or being “stuck” in the process because it
provided a goal of what should be achieved,
and thus different strategies to accomplish it
could be investigated. For example, during
the user research, the amount of data gathered
was very overwhelming and it was not clear how
to analyze it. However, it was known that this
research should lead to insights about telemoni-
toring challenges and strategies, and possible di-
rections for the design proposal. Consequently,
techniques that could help were explored. Some
of them were the analysis on the wall, the perso-
na definition, the creation of mind maps around
the clusters from the analysis, among others. In
the end, these helped structure the process and
be able to reach to valuable conclusions more
easily.

Moreover, the planning defined at the begin-
ning of the project was very useful to keep an
overview of time and avoid getting lost in
the process and in spending too much time in
activities that might not lead to fruitful actions.
However, this planning changed along the
process given the different challenges that arise
from the inclusion of stakeholders and other
factors of this complex ecosystem of healthcare
and research itself. Waiting for stakeholders to
be involved and actively collaborating can be a
big challenge and time consuming. For instan-
ce, for some companies, they need to have the
approval from different committees or have a

lot of documentation and explanation prior to
their full commitment. In this project, the active
participation of the LUMC was not possible given
the logistics within the organization that required
extra time, that the graduation did not have.

When developing plans, people focus on
scheduling time for activities that help finalize

a project and achieve milestones, like doing a
literature research, interviews, sessions of brains-
torming, among others. Given the goal-oriented
and practical mindset that people tend to have
nowadays, breaks or moments for relaxing
and switching the mind from the project are not
always considered. In design, these moments
can be crucial, as they help in reflecting on the
findings and processing ideas. Incubation or
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breaks in problem solving allow to surpass
the initial fixations that one can have and start
making connections that are not “straigh-
tforward” (Davidson, 2003). Also, getting the
input from the environment around us can even
promote these connections and bring us with
new ideas to “think outside the box”.

Furthermore, support from peers can be very
valuable as they can provide tools for addres-
sing certain challenges or experiences on how
they have tackled them in the past or strategies
that have helped. This support can come from
people from a different area of study or
expertise as this can bring new and unexplored
perspectives and directions in problem solving.
This is seen in techniques as biomimicry, where
nature is used as a source of inspiration when
the situation or context can be extrapola-
ted. For example, in this project, talking with

an civil engineer helped in giving a new spin to
the future vision by the use of a metaphor of the
construction of a neighborhood to explain the
process of the change in mindset around telemo-
nitoring services for peri-operative care. In gene-
ral, interaction and talking ideas out help to
organize thoughts, validate it with others
and get their input for improvements or
even new ideas.

Iterations and constant testing are very
important in design, as having the input from
the users and stakeholders helps in developing
solutions that adequately fit and address their
needs. When presenting a solution or proposal
to stakeholders to get feedback, one should

be careful of not showing a too finalized
version as this might prevent the participants
on commenting about it, as there might not be
room for their input. Neither should a too
initial and “drafty” version be presented,

as they might not understand it or might judge
its appearance and not the reasoning behind it.
Designers should find a balance to be able to
get the feedback from the actors and on the core
aspects of their design. This project included
many iterations of the future vision, where diffe-
rent styles, tools and perspectives were explored
to find the most suitable one that would help tell
the desired story and get the message through
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to the audience.

Given this last point and the fact that the design
process is very dynamic, one should be awa-
re and open to changes as sometimes they
lead to more interesting and better directions.

In this case, the initial aim of the project was
regarding alarm systems for nurses in telemoni-
toring services. However, in the process, it was
clear that alarm systems might not be the answer
for telemonitoring as they can be burdensome
and even create more challenges. This created a
reframing of the problem that led to focusing
on the “root of the problem” (to provide a tele-
monitoring service where not only the patients,
but also the nurses feel comfortable and moti-
vated, and at the same time, it improves clinical
outcomes and benefits the other stakeholders
around the healthcare system, like the hospital)
and not on redesigning an existing proposal to it
(alarm systems).

The strategic design input

Design plays an important role in these types

of projects. Strategic designers provide an
overview of the general context, which
helps discover the existing stakeholders
and their needs. By keeping a “gestalt view”
and constant discussions with stakeholders, it

is possible to provide strategies that help
align the interests of all the actors. This leads
to fruitful collaborations and establishment of sys-
tems where all the parties involved can benefit.
For this project, keeping an eye on the overall
context helps when creating the future vision,
where the telemonitoring services were propo-
sed around the whole ecosystem and not just
one actor or a specific activity. Additionally, this
helps in focusing on the nurse as the main target
for the design interventions but considering the
patient as an active actor and not just as a source
of data, which was the reason behind educating
and empowering them.

The research methodology

For this project, user research was conducted.
This presented a big challenge especially given
the conditions of a pandemic, where most of the
work was done online and life was mostly ha-
ppening at home throughout the whole world.
Consequently, it was not possible to go to the
hospitals or different healthcare institutions to
observe or get in touch with healthcare specia-
lists or experts around these topics. Contacting
experts needed to be done through emailing
and personal network. Therefore, different strate-
gies were used to get participants, as:

Contacting authors from relevant
papers read in the literature review or rele-
vant researchers in the concerning areas of
studly.

Looking at one’s own personal network
to see who might be a suitable participant or
who might know or provide useful contacts.

When contacting one possible participant,
asking for possible contacts who might
be suitable for the research.

Researching for nursing websites, on-
line communities and contacting people
who were active or seemed like a fit for the
research given their background and exper-
tise.

Using social media such as LinkedIn
to contact experts on certain fields or people
who work at a specific company (or hospital)
that might provide valuable information.

When planning for participant selection, one
should be aware that many of the initial partici-
pants might not continue or finish the pro-
cess, as they might get tired, busy or demotiva-
ted in the process. It is important to ensure that
a large number of participants are congre-
gated to compensate for these actors that might
not be until the very end. Additionally, not all
the information gathered will be useful or

as expected, so the researcher needs to be
aware of this and again, plan for a bigger sample
to get more results and gather a broad range of
viewpoints to reach the point where information
starts to be repetitive and no novel elements

are introduced. Finally, clear selection crite-
ria should be defined prior to the selection

to avoid having participants who do not fit the
research and might be outliers that lead to the
wrong conclusions; or that might not have the
knowledge or expertise required and thus might
make them feel uncomfortable which can harm
the “atmosphere” of the research in case they are
part of a group activity.

For the literature review the definition

for selection criteria is a key aspect, as

one might get lost in the process by selecting
certain papers that leads to completely different
directions that do not contribute in the process.
These criteria should relate to the research
question, which is crucial in research to have a
clear aim and a direction. As mentioned before,
itis important as designers to still keep an open
mind as new opportunities and roads for tackling
the problems might surge while doing the re-
search. This is especially true once user research
is included as their experience and the interac-
tion with the real context is a validation of the
theory. It helps assess whether the challenges
presented exist or not, how they are perceived
and addressed by users, and the outcomes or
consequences they bring. Consequently, user
research phase can be entangled within
literature research to make the results stronger
and increase their validity and impact.

The learning process

Coming from a biomedical background the
design process appeared as a strategy to ad-
dress many of the challenges in healthcare. This
project allowed to corroborate the importance
of design and its role when creating solutions for
healthcare context. Thanks to some of the design
methods and strategies, it was possible to create
a common goal for telemonitoring services that
would fit the needs of the different stakeholders
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and present a desirable scenario for all of
them. This was enabled by user research and
interviews, keeping a “gestalt view" and inte-
grating information, abilities that are crucial for
designers. Moreover, it was possible to put into
practice many of the concepts learnt during the
master, for example, how to perform context
mapping through sensitizing booklets, the use
of trend analysis to provide directions to the
design, the creation of strategies and concepts
based on a future vision, among others. In the
end, this helped me assess my learning process
in the master and the abilities acquired that
would help in design, such as knowing how to
interact and empathize with users, how to get
to the core information and problems of users
orinsights (explicit, implicit or tacit), or how to
effectively communicate ideas through visuals
and metaphors.
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Conclusions

This project brings a new perspective on the
inclusion of telemonitoring services within
peri-operative care. For this, a future vision is
presented as a means of a roadmap regarding
the change in the mindset around these services
and its impact in healthcare. Additionally, details
on the implementation of these strategies in
healthcare contexts were presented, that can be
used as a strategic roadmap to guide the pro-
cess and ensure a smooth and logical transition
from the current situation (that includes telemoni-
toring and peri-operative care challenges) to the
desired one.

With telemonitoring comes a broad set of pos-
sibilities regarding patient care. This allows the
extension of care in:

Time by providing monitoring of patients
after discharge

Location as now patients can receive treat-
ment and guidance from their home

The amount of people because more
people can be attended as more in-hospital
resource will be available for care once the

unnecessary procedures can be supported
and performed at home; and patients who
could not easily have access to a hospital or
the time for it, will be facilitated introducing
remote and automatic (continuous measure-
ment) options.

Now the hospital can have a better resource
allocation that will benefit its logistics and impro-
ve care provision and the experience of patients
with clinical procedures. Furthermore, these
resources include human forces such as nurses
and specialists. Improved planning and alloca-
tion lead to a reduction in their workload and
burden and promote an increased satisfaction
with their job and working environment.

This project answers the problem brief by stages
of research and conceptualization regarding the
design of smart systems for telemonitoring servi-
ces around peri-operative care that fit healthcare
specialists” needs and dynamics. In the end,
telemonitoring is presented as a core part in the
future of peri-operative care by enabling the so-
lution to some of the current problems that the
healthcare staff, especially the nurse, the patient
and the healthcare institutions are facing. The

main goal of telemonitoring in this future vision is
to reduce the overall amount of medical proce-
dures and transform emergencies into elective
procedures. This implies an improvement in care
provision and in the health conditions of the
population.

Here education and innovation are seen as the
means to this end. By educating patients on their
condition and the importance of their wellbe-
ing and providing them with the tools to have a
better understanding of their state and act upon
it, they can become active actors in the provision
of care and in clinical decision making. This is
reinforced by educating nurses on promoting
this empowerment of patients and the awareness
of the importance of seeing them as informed
and qualified actors whose input is needed
when defining the care plan. Moreover, nurses
will be aware of the advantages of implementing
smart systems in their daily routines and activities
and will even become supporters and encou-
rage these initiatives. All this education will be
possible thanks to innovation, as systems will be
created to provide online tools for learning; su-
pport staff on burdensome tasks; and help actors
make more informed decisions by data collec-
tion and analysis. Finally, research is presented
as a “meta-mean” where by constantly studying
the contexts, the users and being critical on the
iterations and implementations of the proposals,
provide knowledge on the best way to address
these challenges.

With the future vision, the whole context of
telemonitoring is included. Later with the sce-
narios it is possible to see what are the changes
and benefits that the design interventions bring
to the healthcare staff, specifically to the nur-
ses. This ensures keeping the focus on medical
personnel, that as stated in the initial brief, are
often left aside when developing innovations in
healthcare and thus, striving for the quadruple
aim. In the end, telemonitoring services improve
conditions for the different actors involved. First,
for the patient, by the clinical outcomes, their
experience in peri-operative care and the overall
health conditions in the population. Second,
the healthcare providers as hospitals, given the
reduction in the expenses in care and the impro-
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vement in resource allocation. Third, in health-
care staff with a decrease in their burden, the en-
hancement of the relationship with the patients
and their overall satisfaction with their jobs.
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