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What is a telehealth-based ecosystem?

Each institution or organization is based on certain long-term goals or 
objectives—which could be in the constitution or even laws of the stated 
organization. For example, delivering quality healthcare to each and 
every citizen is a responsibility of the government. A telehealth-based 
ecosystem would be wherein one or more components use ICT or tele-
based support for healthcare delivery. Such needs could be for people 
staying in remote islands or for astronauts in the space shuttle. Australia 
started a flying doctor service for its rural populations; mountaineering 
expeditions beyond a certain number would get approval only if a doc-
tor accompanies; Tele112 medicine was a possible replacement for many 
of these requirements, and its availability has helped improve norms. 
However, each situation has nuances, and these need to be addressed 
with specifics.

Definitions and types of telehealth, that is, synchronous, asynchronous, 
and telemonitoring, have been provided previously and need not be re-
peated here, but it needs to be remembered that a prerequisite for any type 
of remote care is a high-quality communication network.112

In high-income countries and regions with good ICT infrastructure, tele-
health applications cover a broad spectrum of services that focus on diag-
nosis and clinical management. Point of care measuring devices, which can 
monitor heart rate, blood pressure, and blood glucose levels, are increas-
ingly used to remotely monitor and manage patients with acute and chronic 
illnesses.112
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128 7. Maintaining and sustaining a telehealth-based ecosystem

In low-income countries and in regions with limited infrastructure, 
telehealth applications are primarily used to link health-care providers 
with specialists, referral hospitals, and tertiary care centers.113

Role of telehealth in health system strengthening

It is well known that during the development of telemedicine and tele-
health, research focused on specific topics, such as feasibility and cost- 
effectiveness need to be undertaken. While the potential benefits and 
possible uses have been extensively described (e.g., improving quality, pro-
moting safety, and expanding access),114 there is also a body of literature 
that outlines barriers and challenges to implementation and widespread 
adoption of telehealth.115

Despite significant investments into telehealth by governments and 
funding agencies, examples of implementations that resulted in improved 
health outcomes at national levels are scarce. Integration of these innova-
tions into health programs has been limited, as empirical evidence could 
not show value in terms of cost, performance, and health outcomes.116

Recent systematic analysis has identified many challenges that contrib-
uted to the suboptimal impact of telehealth initiatives. Even while factors 
thought to influence implementation processes and their outcomes could 
be identified, the underlying mechanisms at work could not be well char-
acterized or explained.

The WHO health system building blocks provide an excellent frame-
work for developing telehealth solutions that are designed to bridge the 
existing gaps in the health delivery ecosystem. Rather than being perceived 
as siloed, stand-alone solutions, telehealth strategies should be viewed 
as integral systems that should fit into existing health system functions 
and complement the health system goals of health service provision; a 
well-performing health workforce; a functioning health information sys-
tem; cost-effective use of medical products, vaccines, and technologies; 
along with accountability and governance.117

Roles and responsibilities in a telehealth system

Introducing telehealth initiatives into the health-care system requires 
detailed planning, coordination and communication among health-care 
professionals, patients, informal caregivers, end users, and all other stake-
holders. While defining the scope and objectives of the telehealth projects, 
identification of the roles and timely allocation of responsibilities are crit-
ical (Fig. 1).

Though technology (hardware and software) is a core component of a 
telehealth system, human resources are also a critical component in the 
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 development and implementation of a successful telehealth program. They 
are stakeholders determining success, and therefore defining their func-
tions, roles, and responsibilities at the outset is an essential component of 
the design of a telehealth program. Each telehealth program will need to 
determine how each function will be addressed, for example, would it be 
existing staff delivering the telehealth services or would there be new staff 
required. These decisions are determined by understanding the type of ser-
vice envisaged, service levels, size of the site, and available funding.

Defining the various functions helps outline roles and responsibilities. 
The following would be the major components of a telehealth program:

1. Project management
2. Program management
3. Site coordination
4. Clinical oversight and referrals
5. Clinical service provision
6. Technical support

Project management

The role of the project management team is to define the project; identify 
and engage stakeholders; as well as track and manage specific steps, time-
lines, and budgets using specific tools. The project manager is  responsible 

FIG. 1 Generic model from funding to the proper telehealth initiative. 
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130 7. Maintaining and sustaining a telehealth-based ecosystem

for the overall development, undertaking the needs assessments besides 
outlining program descriptions, creating and executing project work plans 
while addressing the changing needs and requirements, identifying tar-
geted resources, assigning individuals with related responsibilities, and 
managing day-to-day operational aspects of the project and a changing 
scope if any. Day-to-day accounting including the tracking and reporting 
of team hours and expenses and managing of the project budget are an 
additional part.

Program management

This function covers advocacy and general management activities such 
as increasing organizational awareness regarding the telehealth program; 
ongoing human resources management, policies, and procedures; coor-
dinating with patient care departments; educating clinical departments; 
 providing the guidance and training necessary to meet the needs of pa-
tients being served; coordinating the interaction between the practitioners; 
and tracking customer satisfaction, data collection on service utilization, 
and performance monitoring and reporting.

Site coordination

This function covers all activities related to operations and helping the 
end users at both the patient as well as the provider sites. The success of 
the remote patient site is critical to the overall success of the entire tele-
health program. Embedded within the site coordination role should be 
a telehealth champion, who would serve as the specific point of contact, 
supporting all stakeholders in the smooth operations of the services.

Clinical oversight and referral

The main objective of a telehealth program is to ensure that the best 
quality of clinical interaction is provided to those seeking care; this can 
be assured through outlining the minimum standards of care that could 
be achieved through telehealth and what needs to be referred for an in- 
person clinical evaluation. The clinical oversight role should define the 
minimum standards for each telehealth project and review the referrals 
for in-person consultation.

Clinical service provision

This function covers the provision of clinical care through remote con-
sultations, with assignment of responsibility for leading and conducting 
the actual patient interaction. Various methods or streams of telehealth 
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provision exist; the two most common are (1) a practitioner directly pro-
viding remote care and (2) the practitioner only guiding the patient’s pri-
mary provider. The remote care support may or may not have a real-time 
component with the patient. That is, only documents are exchanged for 
opinion whether a physical transfer of the patient is required or not. A 
cardiac angiogram or a cataract image may be sent regarding a need for a 
surgical procedure and relevant appointments given to the patient to seek 
a detailed evaluation in person.

Technical support

This function is toward ensuring that the equipment and network is 
functioning optimally, with minimum downtime and best usability, which 
is an important aspect of technical support. Having the technical support 
at the site is key to ensuring that there is ongoing technical support to the 
users of the telehealth services.

Key considerations in staffing a telehealth program

Implementing telehealth is a multidimensional effort, and therefore the 
staff need to be quick learners, adept at handling change management 
with a commitment to change. Identifying interested and enthusiastic in-
dividuals champions will be committed to making things work is a key 
quality to look for in potential candidates for the role. It is important to 
have key staff that have a flexible work style and a customer-service ori-
entation with patient-centered focus.

Project management in telehealth
The development process of a telehealth platform should start with 

multidisciplinary project management. A multidisciplinary team of re-
searchers, developers, and users (designers, technicians, health-care 
professionals, and health-care researchers) must guide the project man-
agement and conduct the planning in time and space.118

Value specification refers to goal setting and to defining the functional 
and organizational requirements to realize the potential of the telehealth 
initiative. It is aimed at exploring the range of possible improvements 
in health care and otherwise as well as the limitations to realize these 
expected values. The specified values have to be translated by the stake-
holders into functionalities of the design and critical factors for the 
implementation.119

The overall needs for a particular project or even its components 
need to be first strategized. And then among the potential gaps, one 
can summarize if a telecomponent would lead to efficiency, lowering 
of costs, time savings, etc. A cost-benefit ratio has to alongside ensure 
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that  relevant infrastructure for ensuring a merging of the telecompo-
nent exists or can be created at affordable costs. For example, if a par-
ticular location has no cardiologists, but their need is exemplified by 
many persons being rushed to a cardiac center following chest pain. 
Tele-ECG, in theory, could send every ECG to a cardiologist stationed 
in an ICU at a referral centre who would review the findings and re-
spond on the clinical condition, and in case of any critical findings 
recommend an urgent need for intervention. The machine is provided 
free by the service provider, and even the rental will pay for itself once 
the number of ECGs crosses an X number per month. Essentially the 
investment in this tele-ECG service is paying for itself (see example: 
http://www.immilife.com/whatwedo.html).

Creating workflows and standard operating procedures (SOPs)

When planning a telehealth or telemedicine project for future develop-
ment, its boundaries must be clear. For instance, like when creating a busi-
ness plan, we must delimit and recognize objectively to which segment 
our telehealth project applies to. We have to differentiate between

1. Public-based initiative, for example, projects or services supported 
(promoted and funded) and developed by governmental body.

2. Private-based initiative, for example, projects or services supported 
by a private funding, which could be philanthropic and not for profit 
organizations. This is especially important as such ventures rarely 
make a profit in monetary terms.

In 1 the government takes the initiative toward the telehealth project 
development. It takes action (for instance) in the form of

• promoting population wide programs funded with public money, 
delivered side by side with traditional health-care services;

• promoting and/or funding projects to deliver telehealth services with 
research purposes.

In 2 the telehealth project development is funded (solely) by private 
entities. This is the case of private health-care services that implements a 
telehealth service to avoid the patient to come and go several times from 
home to the hospital to seek health-care assistance. The patient or the in-
surance provider could be charged directly for each or even many telecon-
sults over a period of time.

Intermediate and hybrid options exist. In public-private partnerships 
(PPP) the public sector delivering the telehealth service may subcontract 
or share costs with a private partner. Another example is BOOT, which 
means build by private organization, own and operate by same for a few 
years, and then transfer back to the government.
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Planning a project

Shashi Gogia

A project should be built around finding the right mix of solutions 
working toward answering a well-described need with needs assessment 
as the first step. SATHI’s project designed to help the victims in India 
suffering from the after affects of the December 2004 Tsunami is a useful 
 example120 (see Box 1, Fig. 2).

BOX 1

D E TA I L S  O F  T H E  S AT H I  T S U N A M I 
P R O J E C T  

( W I T H  I N C L U D E D  E X P L A N AT I O N S )

Needs assessment is a prerequisite of any project wherein one evaluates 
a particular unaddressed health need. In the Tsunami project, this was 
done a month after the disaster, and a high incidence of mental effects was 
noted. It was also known that though 80% of survivors have immediate 
mental effects after a major disaster, most recover. However the symptoms 
persists in 4–5% problem and become cases of PTSD. Identifying these  
4%–5% early is a challenge as it requires persistent  follow-up and home 
visits preferably by trained persons within the affected community. Even 
while remote psychiatric care can be easily provided by a video confer-
encing link, the affected individuals, i.e., the one in need of counseling 
have to be first identified within the community by constant monitoring 
by trained persons. Persons felt to be at risk needed to get regular consults. 
Bringing such patients to the psychiatry center would be an arduous task 
if one realizes the number of possible victims.

The other steps followed included an evaluation of the existing health 
system for adequacy and possible areas of reinforcement. A personal visit 
to the tsunami affected area was done and with interviews of NGOs who 
could be potential partners—both in the periphery as well as the expert 
end. The range of possible support from the government was discussed so 
that only action that would be allowed within the public health and legal 
frame work was performed.

Concept marketing and orientation of the persons representing 
the volunteering NGO was a constant component of each discussion. 
The connectivity needs had to be identified, and steps taken to pro-
vide the same through an appropriate local Telecom vendor. After 

Continued
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FIG. 2 Project components. From the SATHI Tsunami project.

each visit the project was redesigned. A formal order of the systems 
(hardware and software) was placed only after clearly understanding 
what needs to be done and whether the personnel were already or 
could be trained to handle them.

MOUs were created between the various identified partners of the 
project.

Installation of systems was done in the identified locations.
Training was required for identified remote personnel who were ei-

ther: (1) fieldworkers in the community doing house-to-house surveys 
and (2) telemedicine technicians—conducting the actual remote counsel-
ling encounter. The psychiatrists at the expert end were also trained on 
the finer nuances of video conferencing (see Chapter 4).

Test sessions were held before a formal launch under SATHI’s 
 supervision and an engineering representative from the vendor.

– Streamlining of the project was required during the actual 
running of the systems and conducting the sessions. It included 
troubleshooting and fine-tuning the protocols. An important 
component was the setting up of a Telemedicine Consultation 
Session (TCS) timetable.

– Feedback was obtained on a regular basis with reporting mechanisms in 
place.

– Outcome analysis, done by an outside agency, was planned at the 
outset as this was to be a pilot.

BOX 1 (Cont’d)
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Appointment roster

A telesystem involves stakeholders in different social, cultural, and 
geographical regions. Communication is an essential component, but 
finding a common time for meeting is a challenge. It has to be necessarily 
a common meeting time when there is a synchronous or real-time transfer, 
for example, video conferencing. This problem accentuates when there are 
geographical and specially time zone differences between the participants.

Such problems are less for the asynchronous mode, the sender just 
sends a message and hopes the recipient receives the same and replies 
within a short interval, however, there always will be details that need 
to be verified; hence, all teleconsults have a real-time component. These 
visits also increase the satisfaction of the patient as they are now sure of 
actually being seen. The clinician gains similar confidence and motivation 
to do what is required.

Ideally, such appointments also include the asynchronous  
components—wherein complaints and other important information like the 
patient history and important investigation reports are shared upfront be-
fore the online teleconsult. This will help decrease the online visit time—the 
doctor's time is arguably the most expensive component of a teleconsult.

Appointments for televisits should ideally be provided at the conve-
nience of the clinician rather than the patient remembering that the cli-
nician is in all probability doing it as philanthropy. He is less sure of the 
control on patient care and will be spending more time for a less-than-
ideal outcome. Also, he cannot give preference to remote patients when 
the ones waiting just outside the clinic door not only are paying better but 
also have spent time and effort to reach him physically. In a place without 
medical help, patients will be happy that they have had their problems 
listened to with less botheration about the timing of the same.

In the SATHI Tsunami projects, afternoon clinics were run thrice a week 
for 2 h each in the afternoon, that is, outside regular visiting hours.

Telehealth project example (prepared for budgeting and account 
keeping) (taken from an anonymous state government tender)

The actual project was divided in two main parts—a and b in the suc-
ceeding texts—while the remaining are essential add-on components:

a. Teleconsultation services: A patient may call from any location using 
a phone (landline or handheld) by dialing a three-digit number to 
receive immediate advice on call. The doctors may be able to prescribe 
over-the-counter (OTC) drugs based on the symptoms detailed by 
the patient in accordance with the prevailing laws. The details of 
medicine shall be sent via SMS (to the patient), and the electronic 
prescription shall be sent via email to the patient and nearest public 
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health facility. Further, some of the cases may be referred to the 
nearest PHC/CHC/district hospital, as per requirement of physical 
examination, conducting diagnostic tests and/or requiring specific 
medicines. In such cases of referral, the capability of sharing the 
information with the designated facility is essential

b. Video consultation services and patient nodes: Video consultation 
services shall be provided to the patients who are referred for 
video consultation services by government doctors at CHCs 
where patient nodes are setup. The service provider for video 
consultation services shall be responsible for scheduling an 
appointment for forwarded cases/referred patients by the doctors 
at the CHCs/authority for video consultation services. The video 
consultation service providers shall establish dedicated command 
center(s) anywhere in India for this project. The command center(s) 
shall have specialist doctors for conducting video consultation 
with the patients.

c. Electronic medical record (EMR): For every patient, medical history 
and detailed records of consultations shall be maintained in the 
EMR system, which must capture mandatory fields and should 
have the ability to interact/integrate with other stakeholders/
service providers for services like teleconsultation services or call 
center (health helpline) for telemedicine project, diagnostic centers, 
medicine dispensation centers/units, and central patient portal. The 
integration shall be done on a real-time basis.

d. Consolidated MIS record: This shall have all the data gathered/saved/
recorded/updated including details of any vitals/diagnostic tests.

e. Central patient portal: It has to capture all patient-related 
information and to have a common platform for all related services.

f. Central database and hosting server: For all of the above, it has to be 
expandable to cater to future demand.

g. Specific medical equipment as per needs of the project.
Based on the previous text, a cost breakup can be created as follows (with 

cost column removed).

FOR EACH REMOTE END

CAPEX (capital expenditure)

Patient end Description

Preliminary location visit  

General Project management

Computer hardware Printer with computer

 Web camera
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CAPEX (capital expenditure)

Patient end Description

 Digitizer/scanner for digital transmission of X-ray/CT scan/MRI

 Audio-video facility

Telemedicine kit This may constitute individual components or a single combined kit

 Digital thermometer

 Glucometer

 Pulse oximeter

 BP instrument

 Height stand

 Digital ECG

 Digital stethoscope

 Weighing scale

 Fetal heart monitor

 Pediatric weighing scale

 Dermatoscope

General equipment Stools and chairs

 Examination bed

 Work desk

OPEX (operating expenditure)

Software Client end

Manpower (salaries) Staff-ANM

 Staff-technician

 Project managers/Misc

Misc running costs Stationery and other day to day consumables

 Lab reagents

 Connectivity

 Water and electricity

 Glucometer strips

 Hardware maintenance and replacement

Administration

Insurance  

FOR EACH REMOTE END—CONT’D
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Command center Only one controlling entire project

Preliminary location visit  

EXPERT END (ONLY 1)

CAPEX

Furniture and fixtures  

Computer hardware  

General and Misc Establishment cost, furniture, assets

Software EMR (server end)

OPEX  

Specialists 13 in number for 4–8 h per day

Connectivity  

Rent and running costs Stationery, water, others

Other costs  

Training content  

Training camps  

Liaison with govt  

Project office  

Project team  

Team travel and other expenses  

Project administration  

Project travel  

Server/AWS service  

Database  

The OPEX component can be used as a template for daily bookkeeping and items like interest added to 
create consolidated monthly reports.

Backup systems

Emergencies can occur anytime. In a telecare project, these problems 
are likely to be accentuated because of distance and relative lack of control 
of local developments. Avenues for correction and redressal are far more 
difficult but need serious attention. The problem gets accentuated with 
the lack of standard operating procedures (SOPs) and trained personnel. 
The Internet based resources is a constant help, so training on how to use 
online search engines and online support systems are key to success.
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Analytics

Filipe Santana da Silva

With the increasing demand from population for health-care support, 
health-care services and systems are seeking for alternative solutions to 
improve quality of care, maintaining costs at a reasonable level. Two main 
factors are pushing this trend, for example, the increasing number of indi-
viduals bearing chronic conditions and life expectancy.

For instance, since 1940s, life expectancy in Brazil increased from 45.5 to 
75.8 years in 2016.121 Besides social security concerns, investments, and im-
provements, recommendations in public and private health-care services 
have been described by the Brazilian Institute of Geography and Statistics 
(free translation from Instituto Brasileiro de Geografia e Estatística, IBGE). 
As described by IBGE, Brazilian population is getting older, in a process 
similar to what is currently happening in Europe.122

A similar trend is underscored in the United States of America, wherein 
telehealth is being used to decentralize healthcare, for example, for home-
care situations.123 For instance, elderly individuals require constant 
evaluation and follow-up. With the support of telehealth systems and ap-
plications, individuals can have their health status scrutinized from dis-
tance, for example, blood sugar levels, heart rate, blood pressure, weight, 
height, or even tracking possible emergency admissions by any problem, 
for example, chronic obstructive pulmonary disease.124

For instance, in a home-care settlement, data is gathered and stored for 
every situation that a given individual is exposed to. If the individual bears 
some type of cardiac condition, data regarding her cardiac function may 
be gathered and stored (continuously) for monitoring possible heart issues. 
Timely information regarding the heart function and behavior gives the op-
portunity for the health-care practitioner to take the proper action when a 
cardiac attack takes place. Indirectly, it may reveal certain patient behavioral 
patterns, which may lead to actions that avoid further health problems.

The task that involves gathering, organizing, and displaying data or-
derly to enable decision support is known as analytics.125 In general the 
term analytics is related to the task of providing summarized data and 
information following statistical methods and visualization approaches. 
Burke126 describes analytics for the health domain as […] the complete se-
ries of integrated capabilities needed to provide progressively deeper statistical 
insights into health-related information.

In other words, analytics encompasses the processes behind defining, 
creating, and making available statistical analysis of some portion of data, 
for a specific purpose and with great detail. For instance, an analytics ap-
plication for a health-care practitioner may show the current health sta-
tus of a given inpatient, for example, blood pressure, administered drugs, 
weight, and biochemical parameters.
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Analytics can be coded directly as part of a system or made available 
by dedicated analytics tools. These tools frequently require complex da-
tabase tasks—such as normalizing data or integrating sources—coupled 
with statistical analysis and insightful data visualizations.127

In practice an analytics tool enables the user to see relevant indicators. 
However, knowing what must be displayed to enable the user to have a 
timely decision support is related to business intelligence (BI) and a topic han-
dled by specific methods. Analytics is frequently associated with BI, as a deep 
business understanding is required to deploy a useful analytics approach.

As pointed out by Burke,126 there is a division between business analyt-
ics (which encompasses the classics of BI) and clinical analytics. The first 
is related to the health-care business itself, which includes performance 
analysis, financial reports, and utilization. The second is related to the 
clinical practice itself, for example, disease management, patient adher-
ence, and patient safety analysis.a

Here, we do not distinguish between the proper business and clinical 
analytics; we consider that to each task, there are processes embedded that 
should be described and performed. To each scenario (or business), there 
are users that play different roles, such as the manager or the health-care 
practitioner. As from the strict business perspective or from the telehealth 
project, we use the term business without distinction, as it is used by the 
information technology (IT) domain.

A BI approach to enable analytics purposes can be described by a ge-
neric architecture composed of five blocks128:

• Data sources, for example, where raw data is stored in the form of a 
SQL database, spreadsheets, text files, among others;

• Data movement streaming engines (DMSE), for example, data 
manipulation solutions such as extraction, transformation, and load 
(ETL) tools;

• Data warehouse (DW) servers, for example, servers to which data 
warehouses are allocated to store a collection of time-indexed data 
that might be used to support decisionmaking129;

• Midtier servers, for example, an intermediate layer between the 
databases (i.e., DW servers) and the application itself. Midtier servers 
create a division from database to application, avoiding the database 
to be in direct contact with internet traffic;

• Front-end applications, for example, the applications (Web or mobile) 
to which the user interacts with.

To each type of health-care practitioner, information may be interpreted 
differently, and (to this end) each user might have a specific visualization. 
For instance, in a home-care settlement, functions that individuals present 

a Topic has already been discussed in Chapter 3.
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may be of importance only to the practitioner who is responsible for mon-
itoring such patients. Examples are blood pressure or sugar levels. In the 
screen, it may be important for the physicians to see the causes of previous 
admissions, but not for the nursing staff.

For the home-care manager, monitoring of the practitioner’s activities 
may be of interest, for example, the rate of recurrent admissions under 
the care of a specific practitioner. Knowing how to handle and deploy 
timely data and information in such a manner are BI tasks. These tasks re-
quire deep analytical capabilities not only from the system but also from 
the user.

Considering that most approaches are not specifically devoted for the 
telehealth and telemedicine domain, literature around such tactics is gain-
ing strength. The introduction of analytics approaches that go beyond 
database reports and provide processed and ready-to-use information 
for the user are becoming something of a standard in the health-care sec-
tor.126,130,131 Besides economic benefits, these also enable a better support 
for decisionmaking, from practitioners and managers.

In this section, we are going to address some analytics topics that are 
specific for telehealth and telemedicine. Specifically, we are going to dis-
cuss some subtleties regarding indicators that are frequently under con-
sideration for a telehealth project and available strategies to deploy a 
feasible and practical analytics approach. From the technical perspective, 
we deal only with front-end applications.

Let us introduce a scenario. Imagine you are a manager and also a phy-
sician in a telehealth service. This telehealth service is deployed in several 
manners, from primary care to high complexity procedures and home 
care. As a manager, you have to take care of your telehealth network as 
also patients under your care.

Management tasks can be performed from a distance, supported by 
Information and Communication Technologies (ICT), and keep track of 
patients under your responsibility. The same system provides tools opti-
mized for both management and practitioners’ tasks.

Basic concepts

The use of BI and analytics (BI&A) encompass three main phases. The 
first phase, during the 1990s, relied on data collection, extraction, and anal-
ysis (mostly) based on database management fields. On this data, simple 
statistical analysis like clustering, mean, median, and sorting to regression 
models are done. This is the common analytics approach on which several 
companies and health-care services rely on.

The second phase, which began in the early 2000s, relied (mostly) on 
web analytics. In other words, it stretches the technologies available from 
the first phase to include detailed data regarding the end-user interaction 
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with web-based platforms. In other words, together with legacy data, logs 
from user interactions enable a deeper understanding of customers.127 In 
the telehealth and telemedicine project, this can be of extreme value since 
the end user may interact with the health-care practitioner much later. 
Knowing how it works, may drive towards better results.

The third phase, from 2010 onwards, came about with the broad avail-
ability of sensors and the increasing usage of smartphones. It is the con-
fluence of the so-called Internet of Things (IoT), for example, smart devices 
connected through the internet that carry sensors and actuators which 
collect data and (sometimes) react to the users.127 In other words, data 
from legacy systems together with the information from sensors as well as 
user behavior collected with the support of smartphones enable context- 
related decision making.130

For instance, technologies from the third phase may enable tracking 
blood sugar levels from a distance with the support of a noninvasive 
 sensor that streams data for a mobile application or web-based platform. 
A recent study described a similar application for individuals with diabe-
tes mellitus type 1 to which the use of a continuous glucose measurement 
approach enabled a change in the quality of life, decreased amount of hos-
pital admissions, and decreased glucose measurements.132

Commercial tools like Microsoft Power BI,133 SAP Analytics,134 or 
Tableau135 are examples of analytics tools that include capabilities for 
the aforementioned BI&A phases. To some extent, these tools include  
similar capabilities for analytics purposes, for example, by means of dis-
playing data interactively and by means of graphical analysis arranged 
as dashboards or as punctual visualizations embedded in systems parts 
(e.g., in electronic health records such as admission or drug adminis-
tered forms).

In general, analytics applications can be classified according to its capa-
bilities, which can be126

1. Standard reports. These constitute simple lists of raw or aggregate 
data with information that must be processed and interpreted by 
the user. An example is a list of all patients (and their diagnosis) at 
admission.

2. Ad hoc reports. These are generated as per customization to user 
needs, such as patients under the care of a particular practitioner 
between specific dates.

3. Query drilldown. A query interface may require a further 
customization by the user within a dedicated reporting environment; 
identify the possible contacts of a patient with tuberculosis, to ensure 
whether quarantine measures were fully in place.

4. Alerts. These can be derived from a dedicated service to which the 
user is able to set up notifications (visual or sounds) for a given new 
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information, such as when a practitioner selects an anticoagulant 
medicine to be administered to a patient with thrombosis.

5. Statistical analysis. The user may perform (or is made available 
to him) statistical analysis, such as when trying to identify which 
practitioner has better outcomes when treating pressure wounds, 
derived from long length inpatient stay.

6. Forecast. The user is able to perform trend analysis, such as when 
trying to identify the most promising treatment for a given patient 
according to previous treatments performed in the same conditions.

7. Predictive modeling. The user can simulate a specific situation 
according to the available data and the desired user scenario, such 
as when trying to simulate bacterial infection due to hospitalization 
and the applicability of the antibacterial drug for the most effective 
response for the inpatient.

8. Optimization. When the user is able to run statistical tests to identify 
trends in data to which the outcome might be improved, such 
as identifying (according to EHRs) whether and when it is more 
beneficial (in the long term) for patients who require a bariatric 
surgery to play sports.

Several types of data can be used to support such analysis.131 Sources 
can be data from EHRs, Laboratory Management Information Systems 
(LMIS), devices used for diagnostic or monitoring, insurance claims/
bills, pharmacy, human resources, supply chain, and locating systems. 
Additionally, user interaction with platforms may play an important role, 
as previously described.

In telehealth or telemedicine projects, other epidemiological data may 
be of interest. Geographical–read locational information may play a sig-
nificant role. For instance, identifying the areas and locations that indi-
viduals without access to health-care services may indicate opportunities 
for the use of telehealth, like in countryside and severe climate situations 
(rainfall, snow, desert, among others). Genetic data may be of interest 
for telehealth and telemedicine. Considering the increasing demand and 
trend around the personalization of medical care, being prepared for such 
scenario is extremely important.

In every case the strategy for defining the most relevant indicators for 
each situation depends on the evaluation and monitoring strategy. It is 
relevant to properly identify the analytics methods that may bring better 
results for the project.
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