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L is a 50-year-old nonsmoker male with the history of hypertension 
controlled with ACE inhibitors. He is otherwise healthy and works as a 
manager of a private company. In December, he was spending an end-
of-the-year weekend with his family at a resort located 60 km south of 
Kolkata, the nearest large city. The resort management employed a newly 
qualified medical doctor as their medical officer. On Sunday at midnight, 
L suddenly started bleeding from his nose (“epistaxis”). The doctor on 
the house attended him but found it difficult to control the bleeding; he 
wanted to pack sterile gauze inside L’s nasal cavity to control the bleed-
ing but was not sure how to do so. The doctor accessed an online medi-
cal group that he subscribed to, and with the help of an ENT surgeon in 
the group, he managed to insert a nasal pack and discussed subsequent 
management. The ENT surgeon who was available online helped the local 
doctor to control L’s epistaxis successfully and detailed to him the subse-
quent management. The next morning, L left the resort and attended an 
ENT outpatient clinic in Kolkata for further assessment.

Worldwide, an estimated 17 per 10,000 people attend emergency rooms 
or primary care doctors with nosebleed.55 The case earlier describes a sit-
uation where a medical doctor delivers face-to-face care for a patient' but 
uses elements of distance-based care: the patient (“L”), the primary care 
doctor, and the ENT specialist (“remote specialist”) who advised the pri-
mary care doctor (“local doctor”) were geographically separated, but the 
care was delivered on time. This was possible because the local doctor 
collaborated with a remote specialist to deliver care. Thus part of the care 
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was distance based and was Internet mediated. Such delivery of care is an 
example where providers, patients, and payers come together either just 
in time and collaborate or forge “participatory health care.”

Doctors working in remote locations are likely to need further help to 
be able to respond to emergency situations. They can be helped through 
tools of participatory care and collaboration. In this chapter, we will de-
scribe principles and processes of collaborative and participatory health 
care in distance care settings.

Principles and practice of medicine and health sciences have been de-
scribed from the perspective of information science.56 Health-care data 
and information flow through “interactants,” that is, patients, providers, 
and others such as payers and insurers who interact with each other to 
keep the system running. Patients, providers, and payers play different 
roles and have different expectations of each other in the delivery of health 
services and in ensuring quality of care.57

Tucker (2001) has argued that the quality of health-care delivery im-
proves when patients and providers are viewed as equal partners in care.58 
As a step in that direction, Haidet and Paterniti (2010) have argued a need 
for narrative-based history taking. In narrative-based history taking, the 
physician incorporates principles of biomedical knowledge that he or she 
knows best, but the style of taking the history is so conversational that 
the patients too can participate, rather than simple passive watching or 
only providing information that the doctor needs. They argue that while 
doctors are familiar with complex biomedical knowledge and use such 
terms at the bedside, the patient is less likely to understand such technical 
complexity, preferring a more conversational style that includes nonver-
bal communication. Traditionally, doctors are not trained to tap that kind 
of information.59 Anne Townsend et al. (2015) conducted a focus group in-
terview of 32 doctors and patients in Canada and identified three themes 
in such interactions in times where doctors and patients are connected and 
how they deal with each other—(1) changing roles of doctors, where she 
identified subthemes of “being prepared” and “responsibilities” for the 
providers; (2) partnerships, with a subtheme of trust between providers 
and patients; and (3) tensions and burdens of the providers with their pa-
tients.60 Such interactions are possible in inpatient and outpatient settings 
where patients and providers can meet in person with each other. But 
what happens when the providers and patients are separated from each 
other? This is where distance-based technology and collaborative and par-
ticipatory nature of engagements between patients and providers enable 
effective and efficient care processes.

Penetration of the Internet is increasing across the world, and the roster 
of Internet users is growing, making online access through either desk-
top computers or mobile devices nearly ubiquitous for people across the 
world. China has over 700 million Internet users (52% population), and 
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India has over 450 million Internet users (38% of the population); Internet 
access is increasing in all the developing countries.a

Access to the Internet enables single or multiple patients in remote lo-
cations and single or multiple providers who are distantly located to par-
ticipate in consultations and arrive at clinical decisions. In such settings, 
patients and providers “meet” online, through the use of social networking 
apps (e.g., WeChat or WhatsApp) or through email listservs and discussion 
groups. This may be considered an informal mode for telehealth; it is possi-
ble for more formal platforms to incorporate and facilitate such interactions.

In 1965 Gordon Moore predicted that in foreseeable time, manufactur-
ers will continue to double the density of components in integrated cir-
cuits.61 This has turned out in the form of a self-fulfilling prophecy that 
sets the pace of modern computing, referred to as Moore’s law.62 Three 
developments have converged in this space: Access to the Internet is in-
creasing for most people worldwide; exponential growth in computa-
tional speed and capacity has occurred; computers and handheld devices 
have become affordable. In turn, these have resulted in pervasiveness of 
computers in our daily lives. In medical care the use of virtual reality sys-
tems, computer-assisted care, and social networking systems continue to 
connect providers and patients. On this basis, Jackie Boucher (2010) has 
argued that using personal health records (PHRs) in addition to electronic 
health records (EHRs) can bring about a shift in the relationship between 
health-care providers and patients.63

Telehealth and the access to always-on Internet for health information 
have challenged the notion that for care to take place, the provider and the 
patient must be in the same place and time. Further, Internet and telehealth 
applications have disrupted the traditional power relationships that used 
to exist between a provider and a patient based on the assumption that 
the provider was the sole source of knowledge and therefore vested with 
higher authority; now, information sourcing is more open and can be ac-
cessed freely both by the patients and providers. Such ubiquity of informa-
tion has opened up a new opportunity driven by a need: that of fostering 
collaborations between providers and patients and patients themselves. 
Collaborative telehealth enables a network where patients, providers, and 
payers of care can work together to coordinate a process of care.

Emergent models of care: From paternalistic models and 
transaction to participatory care

The patient walks into the clinic and registers to meet with the doctor. 
This registration can be done over the phone (a few days to a few  minutes 
earlier as well); the patient then waits to see the doctor; and finally, she is 

a See http://www.internetlivestats.com/internet-users-by-country/.
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ushered into the clinic. The patient enters the clinic room, and the doctor 
and patient engage in learning from each other. At this point the doctor 
learns the symptoms from the patient, observes the signs, physically ex-
amines the patient, and orders radiological and biochemical investiga-
tions. Based on the discussion with the patient, clinical examination, and 
investigation of the radiological and biochemical findings, the doctor, in 
consultation with the patient, charts a management plan. This occurs in 
the context of conventional, real-time, face-to-face interaction between 
doctors and patients.

Nicola Bragazzi (2013) would describe the earlier description of 
 patient-physician interaction as P Zero (P0) process of care where the doc-
tor mainly controls the information and the patient remains a passive re-
cipient of information. This model is also referred to as paternalistic care.64 
Such care delivery is agnostic of a 21st century reality: patients can get 
connected to the Internet and identify the symptoms of their diseases, con-
nect to repositories like WebMD that provides them with information on 
their symptoms and diseases, or access the many sites such as Pubmed. 
They can also access histories of other patients using social networking 
sites such as patientslikeme.com; many patients share their genetic data 
or provide samples to companies that can analyze their genomes and 
provide feedback on the patients’ risk factors. Numerous wearable de-
vices provide information on their states of health (Google Fit and Apple 
Health, e.g., are two software included in android- and IoS-based devices, 
respectively, that enable tracking one’s state of health). The integration of 
genomic information, capability of big data analysis, availability of digital 
data storage and transmission of results (as in telemedicine/telehealth), 
and the use of systems medicine that study networks at genomic, molec-
ular, and social network levels is referred to as “personalized, predictive, 
preventive, and participatory” health. Leroy Hood (2006) has described 
this approach to medical care as “P4 medicine.”65

Besides patient-patient linkages, there exist doctor-doctor linkages. 
Primary care doctors work in villages where clinical resources are scarce. 
These doctors look after a wide age range of patients, from children to 
the elderly patients, and frequently need second opinions of more experi-
enced professionals or experts to confirm a diagnosis or to properly define 
the therapeutic plan. The distance of reference centers or even the lack 
of specialists in the city is a scenario for them to seek support for clin-
ical case discussion through telehealth resources. The interprofessional 
collaboration in this case has no patient participation, but involves cli-
nicians’ inputs. A wide range of tools can be used to facilitate such ex-
change of information between professionals. These include synchronous 
(real-time) or asynchronous (store-and-forward) communication, from 
open  platforms such as WhatsApp, Skype, or telehealth platforms that 
ensure the confidentiality of the shared data and auditing. In Brazil, for 
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example, the country with the largest public health telehealth program in 
the world,66 the use of telehealth platforms with restricted access to iden-
tified professionals is widely used, connecting professionals at all levels of 
health care, primary care, middle and high complexity for second opinion, 
or telediagnosis (remote tests report).

Another challenge is that of intercultural understanding on the part of 
caregivers. As the scope of telehealth and remote delivery of care increases 
and as international travel and flow of immigrants and refugees become 
commonplace, in addition to meeting patients from their own countries 
and cultural contexts, doctors need to be mindful about “seeing” patients 
from other parts of the world as well. Such intercultural understanding 
is integral to the delivery of care. Anne Fadiman (1997) has described 
such a cross-cultural narrative in her book The Spirit Catches You and You 
Fall Down. This narrative is around a Hmong family who are immigrants 
to the United States, and the family has several encounters with the US 
health-care system where the daughter of the family has epilepsy and 
presents to US physicians. There are initial misunderstandings between 
the caregiving team about the daughter’s epilepsy and the doctors’ ap-
proach toward treating the daughter, but with deeper understanding by 
the US doctors of the patient’s cultural situation, they were able to decide 
on a workable care plan for the patient.67 Anecdotal evidence, such as this, 
suggests the importance of patient stories as part of the care process, and 
unless a collaborative process is forged between the patient perspective 
and the physicians, the effectiveness of the care process will suffer.

Easy availability of the Internet and electronic connectivity has enabled 
patients to develop their own networks and seek professional consulta-
tion from such networks. An illustrative case is that of Salvatore Iaconesi, 
an Italian designer. Iaconesi was diagnosed with brain tumor and decided 
to open up his medical history to the Internet to find solutions from users 
all over the world; he referred this as “open sourcing” his illness.64,68

As we have discussed in this section, better connectivity and ubiqui-
tous nature of the Internet have enabled providers and patients to orga-
nize themselves and form associations where they can search and share 
information. Next, we will discuss and describe the tools and argue how 
can these collaborations be forged in the context of telehealth, where the 
patients and providers are all over the world. To start with, what are some 
of the tools that patients and physicians can use who will need to manage 
distance-based care?

Emails and discussion forums

The Internet is a network of computers that are given an address each 
(this is referred to as IP address or Internet protocol address). Using this 
specific address, it is possible to identify the geographical location of a 
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computer from where a message is passed onto the global network. The 
Internet was founded on the basis of ARPANET, a US Department of 
Defense project led by Vint Cerf in the 1960s.

The history of emails is older than the history of the Internet. In the early 
days, email was passed as messages, and the senders would stick these 
messages in the folder of the intended recipients. In 1972 Ray Tomlinson 
suggested the use of the “@” character as addresses to intended recipients 
to specific machines. A protocol referred to as the simple mail transport 
protocol was used to send and deliver messages, and later on, post office 
protocol (POP) was developed.

Email applications present an always-on, Internet-based communication 
tool where a patient can provide either a snapshot of history along with 
attached multimedia files to the provider and the provider not only receives 
a record but also can report back and provide advice that is relevant and 
timely. Email can be between one provider and one patient or more than 
one provider and one patient; in situations where group consultation can be 
useful, email can be used for many-to-many conversations. Here, groups of 
providers and groups of patients can be included in the conversation.

Although emails have become the de facto communication and col-
laboration tool, they have limitations attributed to how email is used. 
Emails must be manually typed; this opens up inherent risks of spelling  
errors—autocorrection can distort the patient or the provider’s original 
meaning and intention to communicate. Grammatical errors or a sim-
ple miss of a comma may be misinterpreted. Correcting and rechecking 
slows down processes, leading to user resistance. Compare this with a 
face-to-face interaction, here the patient, who has a set of complaints, will 
approach the clinician or care provider and accompany the words with 
gestures of the face or hand or both. This means that an incorrect word 
will be mapped against facial features and gestures. But even online face-
to-face meetings may be a cause for miscommunication to a lesser extent. 
Just turning away, an ill-focused camera or the wrong amount of light 
may make facing each other or gesture recognition difficult. Online com-
munication both by text or real time requires training.69 Emails also pose 
several security-related challenges that can leak personal information to 
unintended participants in the process. It is not possible to identify or en-
crypt who originally wrote the email, that is, whether it is the tentative 
patient, and on the other hand, it is difficult for the sender to definitely 
know whether the email was at all opened by the intended recipient. It 
is difficult to integrate emails into clinic operations in a day-to-day basis 
as emails cannot be automatically routed to the recipients or merge the 
transactions into medical records. Despite the popularity and simplicity of 
emails, Katz and Moyer (2004) have stated that email is “not the answer” 
for an efficient communication between patients and doctors.70
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Jarkko Oikarinen developed the Internet Relay Chat (IRC) in the 
summer of 1988 at the University of Oulu in Finland. IRC allows indi-
viduals to communicate and post messages to each other in real time 
and has very small footprint (not much resources are required). It re-
quires availability of the Internet for communication. IRCs are more 
versatile than emails in the sense that they allow real-time communi-
cation for a patient with a doctor; like emails, they require that a client 
be installed on the machine from where the patient or the doctor has 
initiated conversation and these access IRC servers. IRCs are meant for 
group conversations, and as a result, they share similar disadvantages 
with respect to patient privacy and risks of information leakage to un-
intended recipients as emails. Modern versions of IRCs like WhatsApp 
and WeChat are more advanced, and the sharing and conversations 
can include direct calls and voice too, besides inclusion of a range of 
multimedia and documents. They also have encryption so that privacy 
is less of a concern.

Randale Sechrest, in 2010, described how patients use the Internet 
from an orthopedic surgeon’s perspective.71 He had argued that in con-
trast to other disciplines, health-care providers are slow to take up the 
Internet in applying to their field; in particular, there was evidence that 
surgeons had at that time, disconnected themselves from Internet-based 
information while communicating with patients. They emphasized that 
providers need to distinguish between direct physical component of the 
care provision like surgeries and other specialized procedures by medi-
cal colleagues and the “information component” of the work they did. In 
other words, create a distinction between what the patient needs to know 
between other relevant information that needs to be exchanged between 
the patient and clinician.

Over time, almost all information has shifted to the Internet. Self-
advertising portals have given way to a more organized “chaos” of 
information in microblogs and other sources. It is therefore time to 
organize web-based dissemination of information more efficiently to-
ward health-care delivery. Sechrest has suggested that there should be 
information access for patients and a need for the same to be dissemi-
nated in an easy-to-follow multimedia content. Like all web-based in-
formation, accessing it should be easy. Many forget that Google is a 
brand, not a generic term. However, it does convey the meaning like 
no other words can. This needs suitable metadata and other ways to 
organize the information. While emails, discussions, and web-based 
sharing and parking of information are useful for patients, microblogs 
and social networking have added another dimension to the patient- 
provider collaboration that we discuss now. We provide a sample set of 
resources in Table 1.
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TABLE 1 Description of resources.

Site URL Description

OpenNotes https://www.opennotes.org/ Collaborative visit notes for patients and health-care 
providers

Sermo http://www.sermo.com/ A social networking site for physicians and patients

Doximity https://www.doximity.com/ Social networking site for physicians and patients

DailyRounds https://www.dailyrounds.org/ Social networking app targeted toward doctors

DailyRounds blog https://medium.com/doctors-of-the-world/ Anyone can participate, a blog from the developers of the 
daily rounds

QuantiaMD https://secure.quantiamd.com/home/tour An educational site, mainly for physicians, not so much for 
patients

Among doctors https://amongdoctors.com/ Social networking site for physicians

GomerBlog https://amongdoctors.com/ A website for the physician community

Google Plus Medical Community https://plus.google.com/
communities/103008363755731074852

Using Google plus to seek answers and guidance, for both 
doctors and patients

G-med http://g-med.com/login?ReturnUrl=%2f Global physician network, directed at physicians, not patients

Facmedicine https://forum.facmedicine.com/ Discussion forum for medical doctors and medical students

allnurses http://allnurses.com/ Discussion forum for nurses

Medical Geeks http://www.medicalgeek.com/ A forum dedicated to the discussion of medical topics and 
anyone can contribute

MedHelp http://www.medhelp.org/ An online community aimed at patients who can seek 
answers for their health issues
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Rxeddit https://www.reddit.com/r/medicine/ A reddit subreddit aimed at medical professionals

Medical conditions and diseases 
(Quora)

https://www.quora.com/topic/
Medical-Conditions-and-Diseases

A quora question and answer site where anyone can post 
questions and answers on medical topics and advices

GHD online https://www.ghdonline.org/ Global online network of professionals cutting across clinical 
disciplines, and patients too can join

Patientslikeme https://www.patientslikeme.com Patients like me are a portal where patients can organize and 
ask questions. Providers can join as guests

User-driven health care A Facebook group for patients and physicians 
alike

A Facebook group where patients, caregivers, and doctors 
communicate

Communities of Participatory 
Medicine (e-patients)

https://connect.participatorymedicine.org/
home

Engaged patient or e-patient portal

WebMD https://www.webmd.com/ A portal where physicians and patients can find information 
and share information and expertise

HealthUnlocked https://healthunlocked.com/ Patient information portal

Health Stackexchange https://health.stackexchange.com/ Exchange of information between physicians, health 
caregivers, and patients

OpenClinical iPath http://www.openclinical.org/os_iPath.html Open-source pathology discussion and learning system, open 
to anyone

OpenHIE https://ohie.org/ Open-source information sharing system

Health Information for All http://www.hifa.org (many variants, in 
language, e.g., French, Spanish, Portuguese, 
and some country specific ones)

Email discussion forum(s) that promotes easy availability of 
health information—especially in Africa and the developing 
world

For a comprehensive list of studies on open notes and collaboration between patients and caregivers, see https://www.opennotes.org/about/research/.
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Social media and networking for distance-based care

In 2006 Jack Dorsey (twitter handle: @jack) founded Twitter (URL: 
http://www.twitter.com); in the beginning, he used short messaging 
system for communication in Twitter. As the number of characters were 
limited in SMS that was used in cell phones then, a twitter user was re-
stricted to use 140 characters to express ideas and opinions in much the 
same way one would use a weblog (referred to as “blog”). This applica-
tion and class of applications were referred to as microblog. Over time, 
Ev Williams and Biz Stone (twitter handle: @Biz) joined the group, and 
Twitter matured into a communication platform where users would create 
a username and password and would share 140 character messages to the 
world and to selected group of “friends” and “followers” (for a history of 
Twitter, see https://www.lifewire.com/history-of-twitter-3288854). For 
specific topics, you can add “hashtags” (represented with symbol “#”), 
and this would indicate specific keywords that the users would generate 
to indicate topic-based discussions. As a user, you can create groups and 
organize discussions and share images and sound bites. At present (as of 
2018) a user on Twitter can use 280 characters to express ideas and share 
opinions.

The team of Chris Hughes, Eduardo Saverin, Andrew McCollum, 
Dustin Moskovitz, and Mark Zuckerberg established Facebook in 2004 
based on the name taken from similar named documents distributed to 
students and staff at Harvard University (see https://www.theguardian.
com/technology/2007/jul/25/media.newmedia). Over time, Facebook 
evolved to connect users in a network where the users were “known” to 
each other or connected in some way (“small networks”). Like Twitter, 
Facebook relies on hashtags and threaded discussions of topics.

The use of social media and networking is useful for the training of pro-
viders and can be useful for patient care. Mesquita et al. (2017) have con-
ducted an integrative review where they accessed scholarly publications on 
the use of Facebook, Twitter, and WhatsApp for use in the training of nurses. 
They found that in about 20% of the situations, the educators were using 
these social media tools for teaching nurses; however, besides describing 
the finding of social media tools being beneficial in teaching nursing stu-
dents, the authors also raised alerts about ethical issues around informa-
tion leakage and disclosure, and they suggested that these considerations 
need review.72 In a review on the use of smartphones for pain management 
as adjunct to other treatments, Eckard et al. (2016) found that smartphone- 
and Internet-based applications that employ online journals facilitate im-
proved communication between patient and providers and allow for more 
personalized care and improved pain management.73 Irena Spasic and 
colleagues (2015) developed a knee rehabilitation app based on Facebook 
platform (TRAK App, URL: http://apps.facebook.com/kneetrak/)  
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and conducted a feasibility study. Using standardized measurements, they 
found that for both patients and providers, a web-based approach allowed 
for communication, information dissemination, exercise progression, and 
self-management.74

The earlier findings suggest that web-based applications and social 
media applications can be used to build collaborations between patients 
and providers. But there are caveats about social networking and related 
collaborative practices between doctors and patients that we must be 
aware of. Guseh et al. (2009) have argued that while social networking 
sites provide scope of professional development for young doctors and 
foster educational opportunities, these benefits are eclipsed by the pos-
sibility that such networking sites can be misused with effects on ethics 
and patient-provider relationships.75 Even while no specific instances 
were reported, they discussed several possibilities that the doctors can 
expose, or even possibly, misuse privacy of patients therefore putting 
 patients at risk. Based on this, they recommend that physicians should 
avoid whatever could possibly be a dual relationship with their patients, 
one professional and the other personal. Also, doctors should be con-
servative about their online profile and use such privacy settings that 
disallow open disclosure about their personal lives. They advise that 
doctors should not invite patients into their social networks (they only 
discussed Facebook). They did not consider the perspective of telehealth 
or delivery of medical advice over a distance or a partnership model of 
care where patients and physicians could use social networking sites. We 
discuss this next.

Telehealth platforms

Magdala de Araújo Novaes

Telehealth platforms are digital environments that allow health pro-
fessionals to interact with each other and with their patients to promote 
patient care, education, and health research and to support health-care 
management. Unlike open social networks (e.g., Facebook), these plat-
forms are environments designed to meet the specific needs of telehealth 
services; restrict access to managers, health professionals, and patients; 
and must comply with quality and safety standards under current policies 
in each country. Therefore such platforms are secure and evidence-based 
networks specifically tailored for the care of individual or groups of 
patients.

Geographical or temporal separation between the actors involved in the 
health collaboration process characterizes telehealth practices. Situations 
where the use of these systems become important to continue patient care 
and, in many cases, become the only way to assist patients include the lack 
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of specialists or physicians in the patient’s hometown and hard-to-reach 
places. These systems go beyond conventional text-based technologies 
to capture vital signs, images, audios, and video feeds. Communication 
channels in these systems include instant messages or real-time video 
transmission that help to set up contexts to evaluate the patient or to 
share experiences and in-depth technique scientific knowledge among 
colleagues.

A telehealth platform can allow communication synchronously, with 
instant messaging and audio-video transmission in real time, or asynchro-
nously, by exchange messages with text, images, or audio-videos already 
recorded. The use of such media can help remote specialists to evaluate 
the patients or for providing agility and usability to describe the clinical 
case using textual description. The different modalities of telehealth prac-
tices use the platforms as follows: teleconsulting, telediagnostic (remote 
diagnostic), telemonitoring, medical second opinion, telesurveillance, 
teleeducation, and others (see Fig. 1).

In teleconsulting for second opinions or for soliciting expert opinion, 
a telehealth platform is used solely for health professionals. In other sit-
uations the platforms are open to be used by both the providers and the 
patient. In such situations the provider is responsible for conducting the 
assessment, guiding the patient, analyzing data collected from connected 
devices, and where necessary interacting with other specialists to manage 

FIG. 1 Telehealth platforms used in different health practices.
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the patient. In case of emergencies a telehealth platform can be used to 
provide professional “lifeguard” resources to enable care with specialist 
support by sharing data, images, video, and audio. In primary care, tele-
consulting is frequently used by doctors to discuss diagnostic hypotheses, 
plan treatment, or triage the need for referral to another specialist in the 
referral network.

Teleconsultation and telemonitoring

In teleconsultation the patient interacts directly with the health pro-
fessional using the telehealth platform. Any intervention of another pro-
fessional with the patient in the same room is optional. In these cases, 
telehealth platforms allow interactions using real-time audio, video, or 
both. Some platforms allow to connect sensors, wearables, and other de-
vices so that it is possible to transmit physical signs and biometric and 
physiological data including blood glucose, blood pressure, and heart-
beats to help health professional evaluate the patient at a distance. These 
devices and sensors are frequently connected to telemonitoring platforms, 
where collection, recording, and transmission of data are done with pre-
defined periodicity, or from monitoring an alert event. In such situations, 
health professionals analyze the data that they receive and act accordingly 
while delivering care for these patients.

As an illustrative example of a telemonitoring platform, think of an ap-
plication that assists a patient to control weight. The telemonitoring plat-
form monitors the patient’s physical activity and the individual's records 
of meals and calories consumed in a day and transmits the data for analy-
sis by professionals. The professionals can then act on the basis of received 
data to help the patient reduce weight. Here the telemonitoring platform is 
used with active participation of the patient. In other situations, users may 
have their data collected through connected devices, for example, blood 
glucose for diabetics or blood pressure measurements for a hypertensive 
patient. Such monitoring may lead to prevention or in the postdischarge 
planning and treatment in patients with heart attack or stroke. In yet other 
scenario, telemonitoring platforms can be integrated in home care equip-
ment to enable continuous monitoring and generate emergency alerts or 
for elderly patients, who can be continuously monitored with sensors that 
transmit an alert when the patient suffers a fall at home.

Telediagnosis

Telediagnosis refers to remote diagnosis (“tele” means remote, prefixed 
to diagnosis). These platforms are designed to enable transmission of phys-
ical examination records and medical reports remotely or concurrently to 
a specialist at a different or the same geographical location. The examining 
specialist doctor may be located in the same geographical region at the 
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same time of the examination, or the specialist may be remotely located: 
the transmission platform is designed to work identically. Telediagnostic 
platforms ensure that records of images and videos preserve the diagnos-
tic quality even after being subjected to compression procedures for trans-
mission. The use of the Digital Imaging and Communications in Medicine 
(DICOM) standard is a recommended requirement to allow heavy file 
traffic without impairing efficiency in use. A limitation might be low 
connection speed for data transmission or restrictions with bandwidth. 
Therefore, balancing image quality, efficiency in use, and available band-
width pose significant challenges to telediagnostic platforms.

Teletracking

Teletracking uses questionnaires and protocols to study occurrences of 
determined behaviors, comorbid conditions, or the clinical condition of in-
dividuals. Various platforms provide one or more reference protocols for 
the domain knowledge, that is, the evaluation of mental health conditions. 
While some platforms use pre-defined questionnaires and instruments, 
other platforms allow the user to create self-reported instruments and 
questionnaires. Teletracking is used with mobile devices and smartphones 
or has a web interface that sends collected data to a server. Asynchronous 
or offline transmission of data is useful for remote surveillance, enabling 
managers the capacity of early detection of epidemics.

Telehealth services and software platforms

Telehealth services and software platforms provide a channel of com-
munication among patients and doctors via video calls using multiple 
types of devices. Some platforms may provide inter-health-care integra-
tion services to consult and update clinical records from patients under 
treatment. Telehealth platforms can include workflow management (for 
managing the activities of the medical staff) and billing integration ser-
vices. We describe three platforms: the Brazilian HealthNet, the American 
MDLIVE, and the Australian HealthDirect.

The HealthNet (http://www.nutes.ufpe.br/healthnet/) is a software 
platform that was developed and currently maintained by the Telehealth 
Center (NUTES)76 of Federal University of Pernambuco (UFPE). This 
software platform integrates a public, government-funded telehealth ser-
vice that is composed of professionals from the Brazilian government's 
Unified Health System (SUS). The HealthNet platform supports telecon-
sulting (second opinion) and telediagnostic services to health service prac-
titioners, via web pages and phone services. In teleconsulting, health-care 
practitioners may submit their technical questions to a remote health-
care specialist, which may address a clinical case, including patient’s 
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 information and clinical records or a nonspecific patient-related question, 
that is, a clinical question. In telediagnostic platforms, health-care prac-
titioners may submit clinical examination reports in the platform, also 
including the patient’s information and the exam results by itself for ob-
taining a medical opinion from a remote health-care specialist.

The MDLIVE (https://www.mdlive.com/) is a private telehealth ser-
vice of the American organization MDLIVE Medical Group, PA. This tele-
health service supports remote medical consults for patients in the comfort 
of their homes or in any other location at any time, including weekends 
and holidays. MDLIVE is supported by a software platform that includes 
a website, a mobile app, and a call center for phone-only consults, with the 
option of performing medical consults via video calls. Patients have the 
option of being automatically assigned to a physician according to their 
condition and other personal information or to directly choose a physician, 
who made themselves available. The software platform has the ability of 
maintain the patient’s health summary and in some cases to integrate with 
external health systems to obtain its most recent version, prior to a remote 
consult. MDLIVE can help patients with more than 50 routine conditions 
and may even send prescriptions to the patient’s nearest pharmacy.

The HealthDirect (https://www.healthdirect.gov.au/) is a public and 
government-funded Australian telehealth service for providing online in-
formation and free helplines on health care. General public may contact 
HealthDirect to obtain information on health advices, health-care centers, 
and medicines and even perform an online symptom checker. This free 
telehealth service is performed via a software platform that includes on-
line webpages, mobile apps, and a telephone hotline.

Computer assisted care

Shashi Gogia

Changes in knowledge and advances have made efficient and up-to-
date management of clinical problems a clinician faces challenging and 
possibly, beyond the learning capability of any individual. By 2020, it is 
estimated that knowledge about the body, health, and health care is pro-
jected to double every 73  days. Computer-based processing allows not 
only information transfer (telehealth) but also the process of generation of 
knowledge and wisdom—referred to as artificial intelligence (AI). There 
are many advanced sensors that extend the traditional five senses, which 
help in diagnosis and treatment. These can not only assist, but also may 
sometimes replace the care provider.

Identification of the problem is considered the first and most import-
ant step towards solving the problem. Traditionally, medical students 
are taught that 90% of the diagnosis is achievable through history and 
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 examination. Investigations and radiology have made diagnosis easier 
and also increased the possibility of it becoming more automated.

Diagnosis is considered an art and involves deductive capability of pro-
cessing various inputs from a myriad of presenting complaints, findings, 
investigation reports, radiology, and other inputs into a final list or some-
times, even a single one (loosely referred to as “I’m feeling lucky”) final 
conclusion. All five senses traditionally used to be employed—for instance, 
tasting urine for sweetness of sugar—was conducted to diagnose diabetes 
in the 19th century.77 Traditionally, clinical methods are drilled into the cli-
nician’s brain through years of training, observation, systematic studying, 
and experience gained through examination of patients seen in the past. 
Computer systems can do similar processing with some differences.

In many situations, they can score higher too. Advanced sensors can 
go far beyond human ones; for example, GPS is essentially satellite vision. 
Drones are mobile cameras and can have 360-degree vision; robotic scopes 
travel through the intestines. ECG and ultrasound recordings can be done 
from within the esophagus, vagina, intestines, or rectum. Genome sequenc-
ing literally takes sensors to a submolecular level. All these senses cannot 
be utilized without high-level processing. A point to consider is that most 
biochemical investigations, for instance, blood sugar, serum bilirubin, serum 
ammonia, and radiology-based investigations, are basically artificial sensors. 
Fitbits are wearable devices fitted with sensors that provide warnings as well.

A clinician might get tired, take leave, needs to spend time for family, 
needs to eat, and has to socialize. In contrast, computer systems have no 
such issues. Such systems can be trained to achieve very specific tasks 
and create targeted solutions that would otherwise require involvement 
of specialists—mobile apps are typical examples.

Development of software and telesystems, robotic solutions, and other 
tools that contain inbuilt learning or machine learning algorithms share 
similarity with drugs when it comes to scalability.b Once they have been 
produced, their replication is scalable, a process that is unlike the training 
of clinicians, each of whom has to be individually groomed. Within such 
tools, calculations can be incorporated relatively easily and results read off 
even while the examination is underway. This is relevant, for instance, in 
the estimation of the size of an ulcer. Pattern recognition is the norm now 
for ECGs and many CT/MR scans.c A few advantages of these systems are 
worth considering:

• Investigation reports already highlight abnormal values—it may be in 
bold fonts or in a different color.

• Holter systems even while active on a 24/7 basis wake up to record 
and highlight abnormal episodes.

b Read the last subchapter AI and IoT In Healthcare for more on this topic.
c See Chapters 9 and 14.
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• These systems enable coordination and sharing data between various 
sensors.

• If these systems are connected to the Internet, coordination and data 
sharing can occur literally on a global scale.

• Memory storage and recall are faster.

Initial forays of artificial intelligence in medicine began in the 1960s 
with expert systems created algorithms for diagnosis. The most well 
known of these was MYCIN, credited to Ted Shortliffe, which suggested 
the ideal antibiotic for a particular disease.78 It was found, theoretically, to 
be better than a clinician!

Currently available AI systems

Clinical decision support systems (CDSS), in particular diagnostic de-
cision support systems, may be described as linkage between health ob-
servations and health knowledge to influence health choices by clinicians 
for improved health care. The basic components of these systems are as 
follows:

• a dynamic (medical) knowledge base
• an inferential mechanism (usually a set of rules derived from the 

experts and evidence-based medicine)
• implemented through medical logic modules (MLM) based on a 

language such as Arden syntax79

Such systems can be based on expert systems or artificial neural net-
works or both (connectionist expert systems).

Computerized Provider Order Entry (CPOE) has been designed to 
stop the harm that a wrong prescription can cause, for example, cross 
checking for counteracting drugs in the same prescription, like algo-
rithms to flag possible interactions between a beta blocker and a beta ag-
onist, under or more importantly excessive dosage, two different drugs 
with a similar base element. Simple targeted software can provide an al-
gorithm or management process for a problem frequently encountered. 
An example is disease activity measurement in Ankylosing Spondilitis 
(see Fig. 2).

Examples of CDSS with incorporation of net-based search to give com-
plete knowledge base include Uptodate from Wolters Kluwer, ClinicalKey 
from Elsevier (see Box 1), and Watson from IBM.

Telerobotics—discussed elsewhere—is a form of computer-assisted 
care wherein the devices have a certain mobility. These can be a help in 
diagnosis and therapeutics. While there is more on this in the other chap-
ters, we conclude this chapter with an innovation wherein humans and 
computer systems collaborate seamlessly (see Box 2).
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FIG. 2 Disease activity index in ankylosing spondylitis. Source: AMLA Mediquip.
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BOX 1

C l i n i c a l k e y
ClinicalKey is a clinical search engine that supports clinical decisions 

by making it easier to find and apply relevant knowledge. ClinicalKey 
enables organizations to find clinical answers faster and make smarter 
point-of-care decisions. It combines in-depth medical content with Smart 
Search technology, making critical answers more discoverable.

Only ClinicalKey provides access to Elsevier’s medical portfolio of 
content—the latest books, journals, multimedia, and more covering over 
30 medical and surgical specialties. Moreover, it is indexed daily and con-
tinues to be updated as new resources are published, ensuring that the 
most current evidence is incorporated.

The Smart Search technology is based on an intuitive search engine that 
analyzes medical queries as they’re being typed, searches related content 
automatically, and suggests shortcuts to finding relevant answers quickly.

ClinicalKey is accessible from any device, including tablets and mo-
bile phones, enabling practitioners to work more efficiently and provide 
better quality care.

Other features such as scoped search, filters, retained search history, 
saved content, and presentation maker help clinicians and organizations 
use their time more effectively while improving the quality of care provided.

Permission from Elsevier India.

BOX 2

E l e c t r o n i c  s k i n — a n  e x a m p l e  o f  w e a r a b l e 
e l e c t r o n i c s

Electronic skin (e-skin) mimics natural skin and can find broad applications 
in robotics and biomedical systems

E-skin is a flat malleable electronic circuit that convey a mechanical 
stimulus in a convenient way to the beneath distributed sensor arrays. 
These circuits acquire and preprocess sensor signals and transmit the in-
formation to the next higher level of ICT infrastructure within a system. 
They create an effective and reliable way to extract and process data, al-
lowing meaningful actions like automatic reflexes, contact type recogni-
tion, and surface feature detection. There is a layer that protects the inner 
electronic system from damages due to interactions with the outside.576

continued
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Conclusion

In this chapter, we provided an overview of the tools of collaboration 
and participatory care for patients and doctors. Participatory health, de-
scribed as the process of health-care delivery where patients and physi-
cians play equal roles in information sharing and care management, is 
increasingly becoming the norm of care worldwide. Telehealth provides 
a platform where patients and physicians and other providers can share 
and cocreate treatment and wellness. We discussed a set of tools and their 
history; we outlined the development and usage of emails, web-based 
tools, and augmented and virtual reality applications for developing and 
building collaborative nature of care planning for physicians and patients. 
A range of tools are available at this time to develop care planning in col-
laboration with patients that doctors who work in remote settings can use. 
In resource-limited settings, the use of emails and Internet relay chats can 
provide asynchronous and real-time sharing of clinical information and 
care planning; however, these tools are limited by the fact that they have 
security risks and they are not always intuitive by way of identification of 
patients and physicians and they are open to misuse or usage problems 
can lead to misinterpretation of data. Other tools such as video conferenc-
ing and the use of the graphical user interface based on web browsers are 
useful in overcoming limitations of email, but these tools can be techno-
logically complex and demanding.

A range of telehealth platforms allow health professionals to interact 
with each other and with their patients to organize patient care, educate 
patients, conduct health research, and support health-care management. 

BOX 2 (cont’d)

Zhou et  al. (2018) developed a dynamic covalent thermoset-based 
e-skin, which is connected through robust covalent bonds, rendering the 
resulting devices good chemical and thermal stability at service condition. 
Tactile, temperature, flow, and humidity sensing capabilities are realized. 
This e-skin can be rehealed when it is damaged and can be fully recy-
cled at room temperature, which has rarely, if at all, been demonstrated 
for e-skin.577 After rehealing or recycling the e-skin regains mechanical 
and electrical properties comparable with the original e-skin. In addi-
tion, malleability enables the e-skin to permanently conform to complex, 
curved surfaces without introducing excessive interfacial stresses. These 
properties of the e-skin yield an economical and eco-friendly technology 
that can find broad applications in robotics, prosthetics, health care, and 
human-computer interface, using inputs from GPS and sensors.
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Telediagnosis, teleconsultation, and teletracking services enable physi-
cians and patients to communicate with each other in ways that are differ-
ent from participatory social network platforms. Computer-assisted care 
combined with social networks and telehealth extend the efficiency and 
scope of collaborative health care even further. This chapter provided a 
brief overview of the key technologies and links; other chapters in this text 
provide more detailed information on these platforms and services.
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