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Abstract—this paper aims to explore and identify the key
characteristics that define smart hospitals, as well as the
primary drivers fostering the transformation of conventional
hospitals into smart healthcare environments. As the
healthcare sector continues to embrace technological
innovation, smart hospitals are emerging as a critical model
for improving patient care, efficiency, and accessibility. This
paper anticipated to offer valuable insights for researchers
and stakeholders in healthcare, guiding them in establishing
the necessary framework or roadmap for the successful digital
transformation of hospitals into smart, technology-driven
systems..
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1. INTRODUCTION

The concept of smart hospital evolves from the
concept of traditional hospital and healthcare. It fully
integrated with technology while improving on patient care
with its services growing to not exclude anyone. The reach
of a smart hospital extends to any location where patients
or healthy individuals may be, such as their homes,
workplaces, recreational areas, and other points of care.
Personalised, context-sensitive support is provided by these
environments by integrating sensors and advanced
interaction technologies that can connect two people such
as healthcare professionals and patients no matter their
location or distance or even time difference. The
heightened advancements in technology has meant ease of
interconnectedness between two locations that are far from
one another which means healthcare professionals can have
contact with their patients no matter where they go or even
if they are in a different time zone completely. This creates
a continued ease of patient care as well monitoring which
benefits the patients more in their quality of life and
everyday life [1]. Help with daily tasks, monitoring of
health, improving patient safety, and facilitating access to
social, medical, and emergency services are included.
Smart healthcare can provide medical, social, and
economic benefits to various individuals by offering a
variety of services. In addition to providing emergency
assistance, they can enhance comfort and support
autonomy [1].

Utilising this concept, healthcare professionals, staff, etc
take into account the different needs of using the smart
hospital. For example, sharing patient information with
experts in a specific field who are across the world to get
professional advice on patient care, or using it for 24/7
monitoring of a patient. Patients are not the only ones who
benefit from using a smart hospital. Other recipients could
be researchers in the pharmaceutical or medicine or disease
field. Another example researchers can use data saved for
different patients with specific diseases that were treated in
hospitals over the globe to see if a pattern exists or not [2].

This expansive, interconnected approach demands robust
data security and privacy measures, high-quality service
standards, seamless data and service interoperability, and
advanced network and communication infrastructures [1],
[3],[4] .The modern smart hospital strives to improve
patient experiences, reduce the workload on healthcare
professionals, and lower costs and accident rates,
ultimately creating a more efficient and responsive
healthcare system [5]. There are multiple uses and
characterisation of this concept that are beneficial to
improving healthcare and patient care in general.

This paper aims to identify the key characteristics of smart
hospitals and the drivers for transforming conventional
hospitals into smart hospitals, offering guidance to
researchers and stakeholders in establishing the necessary
framework or roadmap for the digital transformation of
healthcare.

II. METHODOLOGY

This paper employs a qualitative, literature-based
review to explore and identify the key characteristics and
drivers of smart hospitals. The methodology involves a
review of academic journals, industry reports, case studies,
and relevant publications. This was conducted to identify
both the characteristics and drivers of smart hospitals, as
shown in Figure 1. The selection criteria for the sources
included their relevance to the digital transformation of
healthcare, the implementation of smart hospital
technologies, and recent advancements in healthcare
innovation.
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IIT. CHARACTERISTICS OF SMART HOSPITALS

One characterisation of smart hospitals is the
integration of advanced technologies like artificial
intelligence (Al), surgical robots, and mixed reality. This is
transforming disease diagnosis and treatment, making
processes more efficient and accurate. Al has significantly
improved clinical decision support systems (CDSS),
achieving high accuracy in diagnosing conditions such as
hepatitis, lung cancer, and skin cancer (Tian et al. 2019). In
fields like pathology and imaging, Al often surpasses
human doctors by detecting patterns in vast datasets. A
notable CDSS example is IBM's Watson, which analyses
extensive clinical data to provide optimal diagnostic
solutions, especially effective in managing diabetes and
cancer [2]. Al also enhances treatment precision,
exemplified by smart radiomics in tumour radiotherapy and
the use of surgical robots [2].

A second characterisation is the utilisation of mobile
health services which use mobile devices such as cell
phones, tablets, and wearables to provide healthcare.
Personal health records are a key component of this system,
enabling individuals to self-monitor and manage their
health by gathering information from various medical
institutions, as well as tracking data like activity levels,
weight, and blood glucose via smartphones

Stanford University study reported that 81% of
participants using smartwatches or fitness trackers
displayed heart rate variability changes up to 9 days before
COVID-19 symptoms appeared [5]. With the increasing
need for mobile access to medical services, mobile
electronic medical records are becoming more essential. An
NHS app in the UK allows access to hospital mobile
electronic  medical records, prescription refills,
appointments, and treatment reviews [6].

A third characterisation is telehealth. With the help of
information and communication technology, telehealth is a
method of providing medical services remotely. There are
various applications of this approach, such as tele intensive
care units, teleconsultations, and tv collaborations. Virtual
agents like chatbots and wearable devices can be used
synchronously or asynchronously without requiring
physical contact [7]. An example of this characterisation
can be seen In the United States, an online service provides
healthcare services and consultants for people who may

live in remote locations and cannot easily access a
healthcare service. This characterization allows patients to
simply use an electronic device such as a phone or tablet to
speak to a healthcare professional such as a health coach
who can guide them through treatment plans, consultations,
advice, etc. Another use of this characterisation of a smart
hospital is being able to provide a direct link between
healthcare professionals or staff and patients who are in
intensive care units [8]via radio services or visual devices
to exchange constant communications [9]. In [9]found that
the tele-ICU program at Johns Hopkins Hospital reduced
ICU stay duration and improved clinical outcomes,
resulting in a 24.6% reduction in cost per case.

Prevention and observation make up a fourth
characteristic. In the conventional approach to illness
prediction and risk assessment, individuals collect patient
data in the field directly from hospital physicians,
comparing information and data before drawing
conclusions. This may result in a delay in the public's
access to information about self-defence. Moreover,
because hospitals are not adjacent to one another, it might
take significantly longer when data collection is done face-
to-face between hospitals. Patients' data will be kept in an
online format in smart hospitals, making it easily accessible
from anywhere without requiring actual hospital visits.
This will also speed up the viewing of the data [2].
Wearable technology, which can wupload data to
applications, a storage field, the cloud, etc., can be used for
this. It continuously gathers information that physicians
may access [2].

Helping with medication research is a fifth
characteristic. The process of developing a new drug begins
with screening, discovery, and clinical trials, all of which
are overseen by manual procedures [2]. This has
occasionally resulted in mistakes that have the potential to
be lethal, such as when a medicine is developed and has
serious adverse effects or even outcomes that are
intentionally altered by those participating in the process.
A smart hospital can capture every piece of process data
without anybody changing it, as well as any discoveries the
researchers have made. Additionally, it may be utilised to
quickly do computations or double-check calculations
performed by the researchers [2].

Hence, the concept of smart hospitals signifies a
transformative shift in healthcare, integrating advanced
technologies to enhance patient care and streamline
operations. By leveraging a variety of technology such as
artificial intelligence, mobile health services, and
telehealth, these facilities are able to produce real-time
communication and monitoring, ensuring that healthcare
professionals can provide timely support, regardless of
geographical barriers or disabilities or any external or
internal factors that can hinder a patient. This
interconnected approach not only improves patient
outcomes through personalised care but also empowers
researchers by offering access to vast datasets for analysis
and pattern recognition. As smart hospitals continue to
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evolve, they promise to improve medication research and
disease prevention, making healthcare more efficient and
accessible.

Ultimately, the smart hospital concept prioritises
patient safety and comfort while reducing the burden on
healthcare providers, ensuring a more responsive and
efficient healthcare system. By addressing the diverse
needs of patients and healthcare professionals alike, smart
hospitals represent a future where quality care is available
anytime and anywhere, leading to better health outcomes
and improved quality of life for individuals around the
globe. The key characteristics of smart hospitals is
summarized in Table 1.

TABLE L KEY CHARACTERISTICS OF SMART HOSPITALS
Characteristic Description

Integration of Utilize Artificial Intelligence (Al),

Advanced surgical robots, and mixed reality to

Technologies enhance diagnosis, treatment, and

efficiency in healthcare processes.

Mobile Health Use mobile devices such as smartphones
Services and wearables for patient self-monitoring
and remote health management,
including access to personal health
records.

Telehealth Remote delivery of healthcare services
via teleconsultations, tele-ICUs, and
virtual agents, ensuring continuous
patient care anytime, anywhere.

Prevention and
Monitoring

Implementation of data collection and
monitoring through wearable
technology, enabling early illness
detection and easy access to patient
information for healthcare providers.

Support for Healthcare | Foster the use of digital tools in
Research healthcare research to streamline drug
discovery, clinical trials, and data
collection, improving accuracy, safety,
and patient care.

IV. CHARACTERISTICS OF SMART HOSPITALS

Smart hospitals have become increasingly popular over
the years with its efficiency and ease of usage as well as
improved patient care. They are expected to keep gaining
traction as society and the globe further develops alongside
technology and medicine. As illustrated in figure 2. There
are several key drivers that are contributing to their
increasing popularity: technological advancements, digital
citizens societies, change in patient care, healthcare
workforce shortage, cost of healthcare delivery, recent
pandemic COVID 19 that the whole world experienced.
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A significant role is played by technological advancements,
including Internet of Things devices, Artificial Intelligence
(Al), and advanced data analytics. As digital citizens,
especially Generation Z, become more prevalent, the
demand for more technologically integrated healthcare
environments has increased. In addition to the rise in
healthcare costs, institutions are also seeking cost-effective
solutions that don't compromise quality due to the rising
costs of healthcare services. In addition to improving
service delivery, smart hospitals promise to reduce
operational costs. Healthcare workers shortages further
exacerbate the need for more efficient systems that can
optimise existing resources and support staff.

Finally recent events have emphasised why hospitals need
some change. The COVID-19 pandemic has emphasised
the need for a flexible and resilient healthcare
infrastructure, accelerating the adoption of smart hospital
technologies in order to manage surges in demand and
enhance overall resilience due to how much strain the
healthcare system of not just one country but many
countries around the world were due to this pandemic. This
recent event highlighted the limitations of traditional
hospitals and how crucial technology can be in patient care.
It also showed just how important it is to improve and
advance the healthcare system to be able to manage
anything that occurs whether it be a local epidemic or a
pandemic.

Overall, these factors are reshaping the landscape of
healthcare, steering it towards more enhancement of patient
care and improving quality of life for the patients. It shows
reasons why a smart hospital may be needed or why some
countries may consider it as a viable option due to how it
can counter limitations and provide advantages. Here's a
more comprehensive look at the different drivers to why
smart hospitals are needed.

A. Technological advancement

As the world on a global scale advances forward with
developments, hospitals share that same fate as well.
Doctors form all time periods have wanted to make sure
they provide the best care possible using the resources they
had at the time such as Dr. Laennec in France in the early
19h century creating a hollow wooden tube which was the
first stethoscope to listen to patient heartbeats [10]. Using
what resources the time period had, the healthcare industry
did what they could. And in a modern contemporary world,
digitization of healthcare occurred moving forward with
technological advancements [11]. The increased use of
digital technologies such as monitoring systems, online
tools, Artificial Intelligence (AI) has been incorporated
within the healthcare service.

For example using technology to monitor a patient who
is not near the doctor or using artificial intelligence to test
every possible scenario for creation of medication or using
online tools to do remote consultation without the need to
be face to face. Other examples are using smartphone-
based photo plethysmography as a diagnostic tool. This
uses a smartphone camera, a deep neural network, and Al
technology, incorporated into the video to see if it can
detect diabetes in a patient [12]. Al has many uses such as
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it being used and utilised in its radiology or pathology
department. Diagnostic images (such as x-rays, magnetic
imaging, and pathology slides) can be improved to support
more accurate and timely diagnoses and personalised
treatment plans for cancer and renal disease [13]. Another
usage of artificial intelligence can be seen by drug
researchers. It can be used for patient recruitment, virtual
engagement, and literature reviews, as well as to detect and
refine pharmaceutical targets and create numerous
scenarios to see how they will end such as increasing a drug
dosage and whether it will lead to death of patient or their
recovery [14].

B. Digital citizens societies

With each time period and advances in technology, a
new generation is born. Whether it be the boomers,
millienus to the recent generation z, each generation is
affected by the advancements and trends of the time period
they are in. Generation Z are currency born and live in a
generation where technology has evolved and become a
daily part of life which contrasts to say the boomer
generation. These advancements in technology have caused
the new generation of individuals to be born in an
environment where they are exposed to constant
technological changes as well as the usage of said
technology being normal for them [15]. This requires the
generation to understand said technology which has made
them faster to adapt to technology than previous
generations and makes them more accepting of
advancements [15]. Generation z is different to the other
generations before them as this is the only generation so far
that have always had access to the internet. It's the only
generation that never experienced what society or life was
like before the internet was established. They have also
been called digital natives due to this as the children of
generation z have always had access to internet or
technological advancements [16].

Now with this generation comes the need to integrate
more technology in a service. Hospitals are not immune to
this as this generation and the generations that come after
them will be the patients who use the healthcare service.
Accepting technological uses is crucial as these patients
will demand it due to it being a normal part of their life and
them not seeing why someone wouldn't want to use it,
especially if it can aid and enhance one's life or job. The
other factor is that the next generation of doctors, nurses or
any type of healthcare professional will also come from a
generation that has only ever experienced a society that has
technological ecosystems. The future professionals will
view technology as a normal part of life and will expect
their place of work to have this function. Thus, a smart
hospital changes due to the new types of people being born
in a generation where society has adapted technological
uses. This new generation and future generations will see
technology as normal and everyday life, which contrasts to
older generations who experienced the world when
technology was not so easily accessed or even existed.

C. Change in patients care

Technology is not the only subject that has advanced in
years. Medicine and science advances forward improving
patient care and outcomes.

It has advanced so much that an ageing population is a
common sight around the world. Medication and
treatments are able to prolong life expectancy. Global life
expectancy is expected to increase from 46—89 years to 66—
93 years throughout the 21st century according to the UN
Department of Economic and Social Affairs Population
Division (2004). Globally, from 2100 to 2300, the
proportion of people aged 65 and older will rise from 24%
to 32% (UN Department of Economic and Social Affairs
Population Division, 2004). This will result in changes in
patient care. However, with an increased ageing
population, the demand is then to ensure the quality of life
the elderly get and taking into consideration the challenges
they may face. This is a factor hospitals have to take into
consideration. For example, an elderly person may not be
physically able to go to a face to face appointment which is
where remote appointments are the favourable outcome
ensuring the elderly person still gets the same service
despite not being physically in the hospital or general
practice. This change in patient care can also lead to home
care that is supported by healthcare professionals using the
smart hospital to monitor. Data is collected and analysed
remotely from these homes using sensors, actuators, and
biomedical monitors [17]. Data is monitored, diagnoses are
provided, and assistance is initiated as required.

As a result of advances in technology, wearables and
implantable devices can now be used to monitor people
inside and outside of their homes round-the-clock [17]. For
example there's swallowable microsystems that can be used
should the elderly person have any motor function issues or
any wearable items feel too heavy for them. All devices
where there is something wearable, a camera setup in the
home or something to swallow can be done at home or
worn when going out to do everyday life routines. They are
connected through wired or wireless or Bluetooth networks
that are connected to a system that healthcare professionals
can access to check up on their patient when they need to.
Each of these devices are equipped with diagnostic
capabilities as well as monitoring services ensuring the one
wearing or using the device gets the same treatment or
monitoring as they would in a hospital setting. They can
monitor vital signs, blood oxygenation, heart rate, blood
levels, etc. These devices can be used for a variety of
conditions such as chronic conditions (e.g. diabetes). For
example Japan uses them [17]. This can be seen via
utilising this type of technology to monitor elderly while
they live independently without feeling caged. IR sensors
in bedrooms, magnetic switches on doors, and fully
automated biomedical devices in bathrooms are used to
monitor residents' activities and vital signs in 13 Welfare
Techno-Houses (WTH) established by the Japanese
Ministry of International Trade and Industry [18].
Alternatively, seen in Osaka, where a system has been built
with smart house design in mind that has around 167
sensors designed to detect unusual events resulting from
illness or accidents [19]. This is via the different sensors
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applied in the house such as the 17 different electrical
appliances (such as rice cookers, air conditioners,
refrigerators, and TVs) have sensors associated with
specific activities like working, eating, washing, or cooking
[19].

D. Healthcare workforce shortage

As with every industry and service, healthcare services
also experience a shortage of healthcare professionals and
workers. Due to increasing patient demand and a shortage
of new entrants, the healthcare sector is facing a significant
shortage of professionals. The shortage of healthcare
workers is a pressing issue that affects the quality of care
and the efficiency of the healthcare industry. This problem
is not unique to any one region but is a global concern
affecting both developed and developing countries.

Integrating cutting-edge technology like artificial
intelligence (AI) into healthcare settings is one way to
overcome this shortfall. Existing staff members can benefit
from technology by having their jobs marginally made
simpler. For example, patients can be continuously
monitored without requiring a nurse, physician, or surgeon
to be on hand 24 hours a day. By improving the skills of
current employees and optimising processes, artificial
intelligence (Al) and other technology advancements might
help lessen the effects of a labour shortage. Al-powered
systems, for example, have the ability to continually
monitor patients, which eliminates the need for nurses,
doctors, and surgeons to constantly oversee patients
manually [20]. This lessens the workload for medical
personnel and frees them up to concentrate on more
difficult jobs that call for direct patient contact, such
interacting with patients and providing treatment. In
addition, due to the ease of capturing information and data,
there is an increasing amount of data. With shortage of
workers, digital technologies can easily manage this
information so current workers don't have to waste time
sifting through numerous pieces of data. Technology
equipped into the hospital turning it into a smart hospital
can assist where there are limits due to shortage of staff
such as interprets painting data.

E. Cost of healthcare delivery

With budgets and trying to make sure money is spent
wisely, the healthcare industry faces many costs, which are
increasing at every turn. ilt is projected that by 2050
healthcare costs would drastically increase and it is
expected to account for 20 to 30% of a country's GDP as a
whole which has been classed as unstable and
unsustainable [21]. Because of investments into healthcare,
shareholders, governments are looking at ways to enhance
care while reducing service costs and one method is smart
hospitals [21].

Having investments made into a hospital such as
turning it into a smart hospital has many advantages such
as effective 24/7 monitoring of a patient to quickly
calculations being done in clinical trials via the use of
artificial intelligence. These investments are crucial to
better benefit the public. There is a demand for healthcare
professionals to provide the best possible care with the best
possible tools and to learn new ways to provide this service.

This could involve having the tools needed for treatment
at home such as remote consultations where doctor is at
hospital and patient at home or wearable devices that can
monitor the patient while they going about their daily lives
and doctor checking on their vitals, blood sugar heart rate
from the hospital.

Incorporating technology and making a hospital a smart
hospital can also reduce costs. For example, a hospital with
pooled IT resources such as multiple cloud storage
networks [22] . One not only is this easy to access for the
healthcare professional at any time they want but it reduces
any accidental errors made in reports that are being written
[22]. Secondly, it reduces the extra cost needed to maintain
the records or the operational costs to manage this. Using
the technology cloud system is less time consuming for the
healthcare professional who is being paid to cater to
patients' care and quality of care [22].

F. Covid 19

COVID 19 became a worldwide pandemic where
everyone was affected by it. It first began in 2019 in Wuhan
China where it then spread all around China before
spreading to different parts of the world. By March 2020, it
had become a pandemic.

Smart hospitals became even more vital during this
worldwide pandemic when lockdown protocols and
policies were put in place where people were limited to go
outside and to stay at home unless absolutely necessary to
leave the safety of their home. This leads to remote
consultations, a process that only requires an electronic
device (such as phones, laptop, tablets) and wifi or call
services [23]. It played a crucial role in supporting COVID-
19 patients who couldn't leave their homes due to them
being contagious. It helped alleviate the strain on inpatient
care, and ensured continued access to routine services.
While they cannot entirely replace face-to-face
consultations, remote consultations offer a cost-effective
and efficient means of accessing care no matter the time or
place aiding patients who may not be able to leave their
home to go to hospitals or GP [23]. A remote consultation,
whether between healthcare professions or between doctors
and patients, can be done with numerous pieces of
technology. This method of healthcare existed before the
pandemic with healthcare slowly utilising advances in
technology [23].

Prior to the global pandemic, remote consultations were
met with skepticism as to how a healthcare professional can
aid a patient if they cannot see or treat in person. Due to
this remote consultations were not often used [23].In
addition, using online technology was a slow development
in the healthcare industry where phone calls or emails were
more used to remind patients they have face to face
appointments or have their medication sent to pharmacies.
In addition if a remote consultation did occur due to a
patient not able to come in, often phone calls would be used
instead of video calls such as face time or using video
meeting apps such as zoom or google meet [24]. Healthcare
professionals didn't see the benefit of these video meeting
apps such as it giving the healthcare professional a visual
of how the patient looked which could tell them how the
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patient is doing or not such as skin or eyes [24]. When the
pandemic hit and then it no longer existed, remote
consultations became more common and used as the public
and healthcare professionals experienced its full benefits.

This method of patient care began to increase in many
countries such as the United Kingdom and Croatia [24].
Guidelines and laws were also created to ensure the safe
usage of online prescribing medication and remote
consultations in a variety of countries such as Malta [24].
Healthcare professionals have also undergone training -
which were created for this purpose after seeing the
benefits of it -to use remote consultations such as in
Sweden [24]. General practitioners (GP) are a healthcare
service that uses remote consultations even more. For
example in England, there was a sharp increase in
telephone consultations in comparison to face to face
appointments. This can be seen between March 2 and May
18, 2020 where the number of telephone consultations in
England weekly took a rapid increase from 856,631 to
2,022,798 [24]. France is another location that has seen this
sharp increase. In 2018, remote or phone occupations
became an official public service in France however it only
became increasingly popular during the pandemic and kept
being popular after the lockdown was no longer declared.
This can be seen between March and April 2020 where 5.5
million teleconsultations were conducted in March only to
increase to 56,000 in April [24]. After lockdown the remote
consultations did slow down but were still higher than in
the pre-pandemic world.

V. CONCLUSION & FUTURE WORK

The concept of a smart hospital represents an evolution from
traditional healthcare facilities by integrating advanced
technologies to enhance patient care. Unlike conventional
hospitals, smart hospitals expand services beyond physical
locations, enabling healthcare delivery anytime and
anywhere, such as homes, workplaces, or recreational areas.
Achieving the benefits of smart hospitals relies on a robust
technological infrastructure, including elements like
sensors, artificial intelligence, mobile healthcare, and
telemedicine to facilitate seamless communication between
healthcare professionals and patients, regardless of
geographic or time barriers. Key features include 24/7
patient monitoring, data sharing with global experts, and
integration with mobile health services. The smart hospital
model also supports researchers in accessing global patient
data for improved diagnostics and treatment development.
Additionally, it enhances patient safety, autonomy, and
quality of life by providing personalized, real-time care. In
response to challenges like workforce shortages, rising
healthcare costs, and global health crises like COVID-19,
smart hospitals offer innovative solutions that increase
efficiency, reduce operational costs, and ensure continuous
care. The smart hospital concept represents a major shift
toward a future where healthcare is more accessible,
efficient, and patient-centered, empowering both patients
and healthcare professionals with cutting-edge tools and

technologies. However, such benefits will not be achieved
without the right healthcare digital transformation strategy.
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