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Abstract
Background: Recent developments in connected health technology provide an opportunity to remotely monitor
and provide health care to the patient needing long-term medical care. However, information about how any
connected health interventions should be implemented for remote patient monitoring, and how patients should
be educated and enabled for active participation in treatment is still not available to a sufficient degree.
Discussion: In this paper, we discussed what the components of a connected health intervention, entitled Remotely
Accessible Health Care at Home (RAHAH), are, and how this intervention has been implemented in Saudi Arabia and
Pakistan. The aim of this intervention is to remotely monitor, treat and educate patients needing long-term medical care.
The description of the intervention is presented based on the Template for Intervention Description and Replication
(TIDieR) checklist for the transparent, comprehensive and explicit reporting.
Conclusion: We believe, successful implementation of RAHAH would be crucial to monitor and manage growing chronic
care populations more effectively and efficiently in Saudi Arabia and Pakistan.
Keywords: Connected health, Implementation science, Remote patient monitoring, Saudi Arabia, Pakistan

Introduction
Most people with chronic diseases (e.g., diabetes, heart
diseases) or certain vulnerable groups (e.g., the elderly and
women with high-risk pregnancies) would require
long-term medical care, which involves a variety of medical services (e.g., continuous health monitoring, treatment, moral support and health education) designed to
meet a person’s health or personal care needs over a
long-term period. In many countries, health care is still
practiced conventionally, and the patients needing
long-standing medical care are routinely examined in a
clinical setting. [1]. It is noted that providing chronic care
based on a conventional clinic set up to population
sub-groups would incur more costs to healthcare
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managers [2]. It is generally because long-term medical
care would increase the rate of hospitalizations, which, in
turn, would increase the demand of hospital beds, regular
consultations, medical procedures and hospital meals.
Additionally, extended hospitalization has been associated
with numerous complications for the patient such as
hospital-acquired infections, morbidity, mortality [3], and
adverse drug events [4].
Remote patient monitoring, on the other hand, can
save some costs associated with long term medical care
by enabling healthcare providers to monitor patients
outside conventional clinical settings using technology
and digital devices, especially for those patients with
chronic conditions and in need long-term medical care
[5]. With recent advances in the use of internet, smart
mobile phones and computers, and along with increased
digital literacy globally, the prospect for patient monitoring outside traditional clinical set up by using digital
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devices has become a possibility [6]. This process is conceptualized as ‘connected health’, since it provides a
model for health management where patients and physicians are connected by means of timely monitoring,
sharing and presentation of accurate and pertinent information regarding patient status through smarter use of
data, technology and communication platforms [7, 8].
Several interventions have tested and made use of
digital heath devices and some of the examples include,
for instance, a mobile phone-based, home-based exercise
program [9], mobile phone-based retention in HIV care
[10] and internet-based mental health interventions [11].
These interventions have highlighted the success of
digital health technologies (e.g., internet, mobile phones
and tablets) in remotely monitoring the patients and increasing their adherence to the treatment [9–11]. While
these interventions have made valuable contributions to
an evolving field, that is connected health, it may also be
argued that these interventions lacked a coordinated and
effective use of all the digital health devices and technologies which are available these days.
In other words, program managers have not been able
to make the optimal use of all the emerging digital devices
in an organized and systematic way, which could in fact
be proven very efficient and effective to manage the growing chronic care patients. Additionally, there lacks evidence suggesting how these various digital health devices
can be integrated and connected into clinical care to develop absolute connected health interventions, which can
be used to monitor, treat and educate the patients for their
active participation in the treatment [12]. In this paper, we
intend to describe and explain the components of a connected health intervention, and illustrate how it is being
implemented in a multi-country setting.

Main text
In this paper, we provided the description of a connected health intervention, named Remotely Accessible Healthcare at Home (RAHAH) using some of the
applicable items from Template for Intervention Description and Replication (TIDieR) checklist. TIDieR
checklist provides a standardized template for authors
to describe some of the very important elements for
reporting of a health-related intervention, and this
checklist was developed by an international team of
experts to promote full and accurate description of
interventions [13]. RAHAH is aimed at remotely
monitoring, treating and educating the patients needing long-term care through the use of connected
health tools. RAHAH was first developed in April
2017 and it is in an initial stage of implementation. It
is a multi-country intervention that is currently being
implemented in Saudi Arabia and Pakistan under the
support and leadership of Prince Naif Bin AbdulAziz
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Health Research Center, King Saud University, Riyadh,
Saudi Arabia.

Rationale of the elements essential to the
intervention
High-income countries have been making some remarkable progress in health care over the years; however, most
of them are facing a high burden of non-communicable
diseases, and a few including Saudi Arabia, are still lacking
effective strategies to provide quality healthcare to manage
the growing chronic care population [14]. For instance,
several studies from Saudi Arabia have noted that some
people who need long term medical care (e.g., diabetes,
cancer and heart diseases) may have compromised access
to quality health care due to long waiting lists, high burden of hospital acquired infections due to long-term hospitalizations and high rate of medical errors at the
hospitals [15–17].
Through the National Transformation Program 2020,
the Saudi Arabian government is attempting to effect radical changes in the structure and function of its health
care system to achieve quality care and effective service
delivery [18]. One of the strategies to fight against the increased burden of the diseases and subsequently improve
the health of the people is to institutionalize telemedicine
and digital health approaches in Saudi Arabian health care
[18]. A routine use of telemedicine has already been implemented in a few specialized hospitals in Saudi Arabia.
One of the pioneer examples include the Health Outreach
Services Program initiated by King Faisal Specialist Hospital and Research Centre in Riyadh [19]. However, this
program did not provide close and robust monitoring of
the patients needing long-term care and thus, connected
health interventions have not yet been integrated in the
routine health care in Saudi Arabia.
Likewise, low- and middle-income countries are also increasingly facing the burden of non-communicable diseases
[20], and particularly, South Asian countries, including
Pakistan, have been through rapid epidemiological transition facing the double burden of non-communicable (e.g.,
cardiovascular diseases and diabetes mellitus) and communicable diseases (e.g., HIV, TB and malaria) [21]. Moreover,
the access to quality health care is remarkably poor and the
patients who need long term care are affected the most
[22]. In Pakistan, nearly 64% of the population reside in
rural areas that lack specialized healthcare facilities and
healthcare facilities in the public sector are facing a shortage of healthcare providers [23].
Pakistan’s National Health Vision 2016–2025 has recognized the key gaps in the health information system
and envisioned to incorporate innovative health technologies, such as telemedicine and digital health, for the
improvement of overall health care [24]. The Pakistani
government has also felt the need to increase
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investments and developments in the field of information and communication technology, and introduction
of innovative connected health interventions in order to
increase health care access to those who need it the
most [25].
Lately, in both Saudi Arabia and Pakistan, there has been
some noteworthy progress in information and communication technology, and the use of internet. Thus, RAHAH
has been developed and it is being implemented as a comprehensive connected health intervention in these two different country settings. Given that there are some
contextual similarities between these two countries in terms
of religion and culture, we believe, RAHAH can be taken as
an opportunity to simultaneously apply, compare and learn
about the implementation experiences and potential
socio-economic contextual differences that could influence
the intervention implementation in these two countries.
The second author ZA, who is originally from Pakistan and
has several years of experience in digital health, has played
a collaborative role in implementing RAHAH jointly in
these two countries. An intervention that is being implemented simultaneously in a high-income country setting
and a low- and middle-income country setting via collaboration and partnership can also be important to create a
positive impact on the sharing of knowledge and experience
and building the capacity to collectively deal with the implementation challenges [26].

Intervention location
RAHAH has been robustly implemented in home
healthcare and bariatric surgery departments at King
Saud University Medical City Hospital (KSUMC),
Riyadh, and gynecology departments at two hospitals,
namely Medicare Cardiac and General Hospital and Fatima Bai Hospital in Karachi, Pakistan. The departments
were chosen in view of their high readiness to accept
and implement connected health technology in their
provision of care. For instance, the bariatric surgery department is a center for excellence and has been considered a model for initiating this program in terms of staff
and resources.
The Home Healthcare Department at KSUMC, Riyadh
provides long-term health and medical care and treatment
at home to the people aged 60 years or older and are terminally ill or the oldest old (80+ years) population with or
without any serious health conditions. Generally, one physician and one or two nurses perform a group visit to each
patient once a month to perform clinical examination and
follow-up, and the procedure includes paper-based monitoring and recording system. There are around 200 patients
being provided home-based health care by two physicians
and three nurses in the department. The idea of incorporating a connected health intervention into clinical care in the
Department of Home Healthcare, KSUMC is to make the
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home-based long-term care more efficient and effective. A
target of recruiting 40 patients out of 200 home healthcare
patients has been set for the RAHAH intervention and, so
far, 22 patients have been enrolled.

Intervention providers
RAHAH involves three different groups of experts: (a)
physicians or nurses; (b) execution team; and (c) operations/developers. First, a group of physicians and nurses
provide continuous monitoring of the patients, maintain
follow-up sessions and regularly communicate with
them. The execution team, on the other hand, continuously monitors the intervention, trains, provides support
to the physicians and nurses, tests new features, and collects all the feedbacks. This team consists of a computer
science engineer, a patient coordinator with proficiency
in health information management and technology, a
health education specialist and a technical supervisor.
Lastly, the developers are the ones who develop apps,
add new features and fix issues. There are 4 portal developers, 2 iOS App developers, 2 Android App developers,
2 Telemedicine developers and 2 webinar developers.
Materials being used in the intervention
(the what)
RAHAH incorporates the use of various digital health
devices and technologies by both the patients who are
being monitored and the intervention providers. A summary description of the devices is outlined in Table 1.
Intervention procedures (the how)
Especially, in the Home Healthcare Department,
KSUMC, the intervention would follow the following
three steps:
Step 1. Patient enrolment

In the Home Healthcare Department, KSUMC, remote
devices are used to monitor terminally ill or geriatric patients, especially those who are also clinically confirmed of
being hypertensive or diabetic or both (clinical eligibility).
The patients who meet this clinical eligibility criteria are
then further checked if other non-clinical eligibility criteria are met for enrollment in the intervention.
The non-clinical eligibility criteria are as follows: (a)
the patient/caregiver should have basic English language
skills, (b) the patient/caregiver should have computer
and web browsing skills or, is familiar with smart phones
and mobile apps, (c) the patient/caregiver should confirm the availability of a computer or smartphone and
(d) the patient/caregiver confirms access to 24/7 internet
connection.
The patient/visitor who meets both the clinical and
non-clinical eligibility criteria is enrolled in the intervention and is then explained about the intervention and
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Table 1 Summary of RAHAH devices and technologies
Devices

Description

Use

1. Patient Portal and Physician Portal

It is a secure website for both the patient’s and
healthcare providers.
The patient portal dashboard consists of a Profile
(which contains the patients basic and emergency
information), Observations, Health Records, Lab and
Reports, Educational feature, Telemedicine, Webinar,
Messages and Chat.
The doctor portal dashboard consists of the patient
profile, observation (reading from patient devices),
patient health record, doctor’s notes (for typing
notes for the patient and viewing notes of other
doctors), lab reports, heart sound and lung sound,
patients vital signs statistical analysis, e-Response
Center, Messaging, Appointment schedules, Telemedicine and Webinar.

It allows both the patient and healthcare provider to
create and monitor personal health records, view
readings from the devices, and communicate with
each other.

2. Remote Devices (glucometer, blood
pressure monitor, pulse oximeter,
thermometer and body analysis
scale).
For pregnancy monitoring, fetal beat
and kick track are used.

Based on the clinical condition of the patients, these
devices are recommended by physicians and
consultants for regular remote monitoring of the
patients. Patients use the devices and data generated
from them will be transferred via Bluetooth to their
mobile Apps and into the RAHAH portal.

These devices are used to remotely monitor health/
disease conditions, and vital signs of the patients.

3. Mobile Applications (mApps)

The RAH@H mApps are vendor agnostic (iOS/
RAHAH app is used to access the individual patient
android) in nature and hence work on any brand of portal and transfer readings, which are crucial for
smart phone. Moreover, RAH@H has separate mApps monitoring.
for patients and healthcare providers, thus there are
four different types of mobile apps present in RAHAH.

4. Patient Health Records (PHR)

An electronic health record in which the profiles for
each patient are created and their medical
information are recorded (e.g., lab tests, X-rays).

5. Telemedicine

Both the patients and providers can arrange an
Access to remote specialist care, consultation and
audio-visual teleconsultation either through appoint- follow-up can be arranged immediately.
ments or directly. Data generated from remote monitoring medical devices which are recorded in the
PHR helps to better understand the patient’s condition and makes the consultation more effective.
Moreover, past online consultations can be reviewed,
health reports can be made visible and anatomical
pictures can be shown for further clarification.

6. E- Response Center (ERC)

The ERC receives alerts and notifications for any
alarming (danger) signs so that immediate actions
can be taken. It is controlled by an appropriately
trained staff in respective departments.

Detection of any alarming signs can be immediately
discussed with the patient/provider though
teleconsultation, chat or messaging.

7. Webinars

The patients receive the links for webinars that are
conducted by specialists, health educators, doctors,
nutritionists and nurses in the respective area.
Patients can join live as well as view archived
broadcasts. The webinar presenter can invite a copresenter, share PowerPoints, videos and screen. Surveys can be conducted for patients to participate.

Patients are given educational information and can
ask experts audio, video or text based queries
regarding disease, symptoms, medication use,
prevention, wellness, and nutrition.

8. User Generated Content

The patients and health care providers can read/
watch/share articles, blogs and videos according to
their specific health condition for latest updates and
news.

Patients get informed and educated to better
understand the disease and symptoms, and self-care
approaches.

9. Encyclopedia

Patients can access a wide range of information
about their medical condition such as diagnostic
tests, symptoms, injuries, surgery and wellness
through interactive tutorials and illustrations via
health encyclopedia. Patients can also take part in
short quizzes after each tutorial and can download
all the information in pdf format.

Patients can get access to relevant, reliable, and easy
to understand health information. It is also available
in Arabic.

10. Online peer groups

The patients can interact and share learning
materials with other patients.

Patients can access the information and support in
the group.

PHR centralizes all (past and present) health-related
information of the patient.
(e.g., medications, allergies, health conditions,
surgical procedures, family history etc.) of the patient.
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are requested for a voluntary written informed consent
to confirm their participation. Next, each enrollee is provided with bar-code recorded medical devices based on
their clinical requirements, and a system-generated
user-name and password that would enable them to log
into their personal portal.
Step 2. Training to the patients/visitors

The physicians or nurses in the Home Healthcare
Department, KSUMC, provide instructions to the enrollees (who are more often the families and caregivers in
the home health care department since patients are usually in no condition to participate themselves) and ask
them to demonstrate how to use remote medical devices, patient portal, telemedicine, and mobile apps and
ask to demonstrate using the devices. Physicians and
nurses from the Home Healthcare Department have received a training about how to provide instructions and
demonstrations and describe how to appropriately use
connected health devices and technologies.
Step 3. Remote patient monitoring

In the Home Healthcare Department, the enrollees are
monitored for a trial period for several days to make
sure whether they have understood well and can independently use patient portal, devices and telemedicine.
They are also provided with an access to additional manuals and videos for more information on how to use the
devices. The monitored patients use the remote medical
devices (to measure the blood pressure and blood sugar),
and transfer the information two times a day. In case, if
anything abnormal is detected, the physicians and the
patients will be able to track the data and communicate
immediately.
Adherence of the patient to the treatment and management plan as per the physician recommendation is
monitored on the RAHAH staff portal by the physicians,
nurses and the execution team. Patients who fail to take
their readings for more than two days are sent reminders
through RAHAH messaging feature or phone calls by
the RAHAH execution team.
Tele-consultation sessions are scheduled biweekly and
are carried out by two physicians in both Arabic and English language to remotely provide consultation and
follow-up regarding the patient’s health condition and
view the progress of specific conditions such as healing of
bed sores and medicines are prescribed accordingly.
Webinar sessions are organized once a week, and the patients/visitors also have an access to additional information through encyclopaedia that together provide
information on topics such as nutritional related guidelines, foot care for diabetic patients, care for hypertension,
hypoglycaemia and prevention of falls in the elderly.
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Intervention modifications and tailoring
RAHAH is still evolving and has not undergone any significant intervention modification process. To document
the change process, the execution team organizes regular meetings and seminars and maintains technical and
communication logs. Feedback surveys to understand
the enrollees’ satisfaction and their adherence to the
intervention are being planned to generate some evidence on the quality of remote patient monitoring
process. Since the intervention is still in a development
phase, fidelity has not been assessed yet. Moreover,
RAHAH has been conceptualized to be tailored to provide personalized health care by continuous monitoring
of patients, supporting treatment adherence and providing individualized counselling and information to the patients who need them the most.
Discussion
RAHAH is a connected health intervention with a primary aim to remotely monitor the patients needing
long-term medical care in Saudi Arabia and Pakistan.
RAHAH can be considered as a very comprehensive
model since it has introduced some new and important
features for patient monitoring and education, including
user generated content, webinars and encyclopedia. In
addition, RAHAH is constantly evolving its features,
which is believed to make it easier for healthcare providers to comprehensively engage, monitor, treat and
educate the patients and empower them towards behavior change and self-care approaches. RAHAH can make
an important contribution to integrate remote medical
device-based patient monitoring in the mainstream
health care, and reduce the total burden of health care
costs in Saudi Arabia and Pakistan.
We also recognize the fact that RAHAH being a
multi-country connected health intervention may face
serious financial, logistical, technical, and human resource challenges in terms of its successful implementation. However, no evidence on the challenges of a
connected health intervention in the context of Saudi
Arabia and Pakistan, has been documented so far. Based
on inadequate available evidence, we have identified the
challenges and provided below some of our reflections
on how we should plan to tackle those challenges:
First and foremost, we anticipate that the simultaneous
implementation of RAHAH in two contextually different
countries would provide some important insights into
what factors would influence the implementation of connected health interventions [27]. For instance, there
could be huge dissimilarity in terms of structural factors,
such as access to resources, between these two countries, which could further influence the level of individual patients’ motivation to manage their health and their
willingness to be an active participant in their healthcare
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[28]. It is also important to emphasize that RAHAH
should consider the socio-structural and individual factors during the implementation and evaluation of
RAHAH in the future.
Secondly, from an intervention provider point-of-view,
RAHAH clearly warrants the need for both, clinical and
non-clinical staff to be motivated and equipped with necessary e-health skills to deal with the regular as well as
unforeseen situations during the intervention implementation. For instance, Boonstra and Broekhuis (2010) have
noted that, despite the positive effects of e-health usage
in medical practices, the adoption rate of such systems is
still low and could face resistance from physicians [29].
Thus, successful implementation of RAHAH may also
include strong and continuous political will on the part
of the leadership and provision of adequate financial resources required to support long-term successful program implementation.
Thirdly, we recognize the fact that a comprehensive
and complex connected health intervention can only be
possible through international collaboration and partnership. Therefore, we have sought for international collaborations for developing and monitoring the intervention
tools, training, competency development, and expertise
resourcing. We are also aware of the fact that managing
these collaborations requires well-planned strategies to
develop functional communication channels at all stages
of collaboration [26]. The long-term challenge would be
to develop strategies for scaling up of the intervention
and integrating it into the mainstream healthcare. For
this, one of the proven strategies is to inform the implementation and evaluation of the intervention by evidence generated by transdisciplinary research works
using not just quantitative but also qualitative and mixed
method research types [30]. Recognizing this fact, Prince
Naif Health Research Centre has been formed at
KSUMC for in-house coordination of all the research
works and international research collaboration. Further
strategies and opportunities will be sought to scale up
this connected health intervention.
Next, it should clearly be noted that RAHAH has been
limited in enrolling the patients with English language
skills and those who have a good digital health literacy.
We recognize that an important section of the population that might particularly benefit from remote patient
monitoring could have been left out because of our strict
non-clinical recruitment criteria. It has been also noted
by the work of Dashti et al. (2017) in Iran that e-health literacy tends to be poorer among women and those who
are illiterate and have a low income [31]. Therefore, we
are planning to conduct a study on examining healthcare
workers’ intentions to provide remote monitoring service
and the e-literacy level of the people which would further
help to determine which section of population should be
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targeted by RAHAH. This information is believed to be
crucial to identify the strategies that should be considered
while scaling up the intervention to a wider population,
especially in Saudi Arabia [32].
Lastly, evidence on how to implement new theoretically informed interventions into complex healthcare environments is often poorly reported and indexed,
reducing its potential to inform initiatives to improve
healthcare services [33]. Although RAHAH has been informed by several theoretical frameworks for behaviour
change, empowerment and adherence, the manuscript
has not referenced any frameworks. We believe, the theoretical aspects of the intervention design and implementation should be better illustrated by future research
works related to RAHAH.

Conclusion
In this paper, we discussed the components of RAHAH
and how it has been implemented in Saudi Arabia and
Pakistan in order to provide remote medical
device-based monitoring of the patients who need
long-term medical care. In addition, we provide insights
about the challenges of implementation and discussed
some strategies to overcome them. We believe, RAHAH
would turn out to be a very important connected heath
intervention to better manage a growing chronic care
population in Saudi Arabia and Pakistan, and the lessons
learnt might be applicable elsewhere.
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